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ABSTRACT

The behavior of rutting bull moose (Aloes alces gigas) 

and their use of antlers as social organs was studied in 

Mt. McKinley National Park, Alaska during the autumns of 
1977 and 1978. Bulls were placed into six antler-size 
classes. Expressive behavior was classified into the 
following categories: threat display, dominance display,
submissive display, space claim display, excitement acti
vity, and behavior that advertises presence and readiness 
to interact. Rates of bush thrashing, addressing threat 
and dominance displays, and frequency of bull associations 
with cows were all positively correlated with antler-size 

class. Expressive behavior of bull moose is centered on 
the antlers. Palmicorn antlers maximize visual effective

ness as social organs. It is concluded that moose antlers 

are important social organs. It is hypothesized that 
palmicorn antlers evolved as long-distance social organs.
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INTRODUCTION

Moose (Alces alces) have been widely studied, yet very 
little of the study has dealt specifically with rutting be

havior (Lent 1974). Except for a few qualitative studies 

on moose rutting behavior (Dodds 1958; Altmann 1959; Geist 

1963, 1966a; Lent 1974) observations on rutting behavior 
were incidentally made during the course of other studies. 

This is unfortunate not only because the moose is an impor

tant game species, but also because of its advanced and 

unusual palmicorn antlers, the moose is a key species for 

theories concerning the evolution and use of antlers as 

social organs (Vereshchagin 1964; Bubenik 1968, 1974; Geist 

1966b, 1971, 1974a,b; Maynard-Smith and Parker 1976).
The first cervoids were probably small, secretive, 

forest-dwelling animals (Geist 1966b; Kurten 1968). Early 

in their evolution there was a trend toward an increase in 

body size and toward use of more open habitats (Geist 1966b). 
Bubenik (1966, 1968) suggests that early cervoids evolved 
soft eoantlers which first functioned to spread pheromones. 

Barrette (1977), using the extant members of the sub-family 

Muntiacinae as analogs, suggests that the hardened antlers 

first evolved as a defensive structure, to ward off blows 
from opponent's tusks. In those cervoid lines that evolved 
into modern cervids, antlers became increasingly important 

as offensive weapons in intraspecific combat (Bubenik 1966, 
1968; Geist 1966b; Barrette 1977). As fighting with the
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head and antlers became more prominent, the fighting posi

tion changed from lateral to frontal, and the antlers became 

larger, more complex, and more important in male display be
havior (Bubenik 1966; Geist 1966b, 1971a,b; Walther 1977).

The culmination of this evolutionary trend in cervids is 

large, complex antlers; the head and neck region adorned with 

physical features setting the region off, e.g., caribou mane; 

cephalization of expressive behavior; and ritualization of 

antler fighting (Geist 1966b, 1971b; Walther 1974, 1977).

This evolutionary trend suggests that antlers have become in

creasingly important as social organs (Bubenik 1966, 1968; 

Geist 1966b, 1971b; Barrette, 1977) .
Social organs such as antlers are physical structures 

or markings that communicate information about the bearer 

(Bubenik 1966, 1968; Geist 1971a,b; Andrew 1972; Walther 1974, 

1977). Antlers communicate the animal's sex, age, size, and 

physical condition, all parameters of the ability of one 
animal to dominate another (Geist 1966b; Timmerman 1971; 
Bubenik 1974; Archer 1976). Therefore, antlers should play 
an important role in both dominance interactions and the con

sequences of dominance, i.e. access to a limited resource 

(Bubenik 1966, 1968; Geist 1966b; Archer 1976; Maynard-Smith 
and Parker 1976). Thus, because antlers are fully functional 
only for a short time before, during, and for a variable but 
usually short time after the rut, antlers should play a 
significant role in the bull's participation and success in
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the rut (Bubenik 1966, 1968; Geist 1966b; Maynard-Smith and 

Parker, 1976) .
Because of the extensive palmation between the antler 

tines, moose are especially advanced in antler evolution 

(Geist 1971b; Bubenik 1974). In addition, Bubenik (1974) 

suggests that the bell has lost its secretory function and 

serves only to set off the head and neck region. The exist
ing literature indicates an advanced cephalization of 
expressive behavior (Altmann 1959; Geist 1963, 1966a; deVos 

et al. 1967; Lent 1974). Moose antlers should, therefore, 

be important social organs.
The purpose of this study, which focuses on the behav

ior of bulls during rut, is, generally, to better understand 
bull rutting behavior, and, specifically, to analyze the 

role of antlers as social organs in the rut. I observed the 

behavior of bull moose (A . a .gigas) in Mt. McKinley National 

Park, Alaska, during the autumns of 1977 and 1978. In this 
study, I quantified the aggregation patterns of both bulls 

and cows, classified and quantified the expressive behaviors 

of bulls, and examined the design of antlers. In addition, 

the following predictions generated by the theory that antlers 

function as social organs were tested: 1) expressive behavior 
of bulls is centered on the head and antlers; 2) the frequency 
of bull association with cow groups is positively correlated 
with antler size; 3) antler size is positively correlated with 
the rate of addressing threats; 4) large-antlered bulls do the
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majority of mating; 5) large-antlered bulls are able to domin

ate smaller bulls; 6) large-antlered bulls are able to inhibit 
the courting behavior of smaller bulls; and, 7) the physical 

design of antlers maximizes their visual effects. Finally,

I have tried to place the results into perspective with our 

knowledge of the biology of moose and current theories of the 
use of social organs.
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STUDY AREA

The study was conducted in the eastern end of M t . 

McKinley National Park, Alaska, along the park road from 

Kilometer 11 to 28 (Figure 1). The park's southern boundary 

runs parallel to and just south of the crest of the main axis 

of the Alaska Range. The north slope of the main range con
sists of many lateral ridges sloping down to a low, rolling 
valley which varies in width from 2 to 12 km. This valley 

also separates the main range from a range of northern foot

hills, known locally as the outer range, which runs parallel 

to the main range. The study was conducted in the valley 
and the lower portions of the first ridges. In the eastern 
end of the park, both the main and outer ranges crest at 

about 2,000 m. The park road, which runs along the bottom of 

the valley, rises in elevation from 700 m at the first Hines 

Creek crossing (the eastern boundary of the study area) to 
975 m at Kilometer 28 turnout (the western boundary). Most 
of the road is above 900 m.

The study area is drained by: 1) Hines Creek, which

flows southeast into the Nenana River; 2) Jenny Creek, which

flows west along the north base of the main range into Savage
River; and, 3) Savage River, which flows north out of the 
park. There are also five gravel bar washes which carry 
meltwater from the outer range into Jenny Creek.

5



Figure 1. Study area map, boundary (— )

United States Geological Survey Map, Healy (D5)Quadrangle 1:63 360 
Eastern boundary 149°01'W, Northern boundary 63°45'N



Climate

McKinley Park is characterized by cool, wet summers and 

long, cold winters. The temperature may drop below freezing 

any time of the year. The leaves on shrubs above timberline 

generally change colors by the last week of August or first 

week of September, and most leaves drop off within a week or 
two. The first snows on the park road usually occur in mid- 
to late September, and by mid-October there is generally 

enough snow accumulation to close the road.

The mean temperatures for September and October are 6°C 

and -3°C respectively. It is not unusual for the temperature 
to drop to -15°C or colder during September and October 

(Murie 1944); however, during the two autumns that the study 

was conducted, the temperatures were generally above normal 

and the sky was heavily overcast much of the time. This 

probably decreased the overall aggressiveness of the bulls 
(W. C. Gasaway, pers. comm.).

Vegetation

Timberline in the Alaska Range is generally around 920 m 
(Murie 1944). The vegetation type immediately above the 
timberline is shrub thicket tundra, birch-alder-willow type 
(Viereck and Little 1972; LeResche et al. 1974). This gives 
way to alpine tundra at higher elevations. Along the gravel 

bar washes and in the draws on the north side of the main 
range and south side of the outer range are stands of white
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spruce (Picea glauca) intermixed with small, thick stands of 

tall (l-3m) willow (Salix spp.). These stands are heavily 
used by moose during the rut.

The vegetation type immediately below timberline is 

white-spruce boreal forest (Viereck and Little 1972) inter

spersed with open patches of shrub thickets. This is found 

from Kilometer 11 to timerline, at Kilometer 15. The vege

tation below timberline is heavily used early in the rutting 

period, but decreases in importance as the rut progresses.



POPULATION

The park moose population is unhunted and accustomed to 

the presence of man. This population has had poor calf sur

vival the last few years and is probably declining slowly 

(Troyer 1979). The resulting population has relatively many 
mature bulls, five years old or older, and fewer juveniles, 

bulls one and two years old, and subadults. The sex ratio 
for the two years of the study was between three and four 

cows per bull (Troyer 1979) . Based on the sex ratio and the 

number of individually recognized bulls, I estimate that 

there were 100 moose in the study area each of the two years.

Because there are no marked animals in the park, there 

is little known about the seasonal movement of individuals.

A white cow with a brown and white calf was frequently ob

served in an area south of the town of Healy, about 12 km 

north of the park entrance. The cow was observed just north 
of the park boundary in September and in my study area in 
October. Based on the movement of this cow and other obser

vations of moose by park personnel, it appears that individ
ual moose move in a pattern closest to type A of LeResche's 

classification (LeResche 1974). Finally, it appears that 
the moose predominantly congregate during the rut in my study 
area and around the Igloo Creek area, and form a large post
rut aggregation in the area where Savage River flows through 

the main range.
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MATERIALS AND METHODS

Field work was conducted from September 6 to October 16 

in 1977, and from August 18-22, August 24-26, August 30 to 
September 2 and September 8 to October 16 in 1978.

The moose were located by driving the park road. Be

cause the car served as a blind minimizing the effect of my 

presence on the moose and because the road was elevated 

above the surrounding terrain affording a better view, most 

of the observations were made from the immediate vicinity of 

the car. I only left the car and the road when forced to by 

vegetation obstructing my view, or when the moose were too 

far away to observe from the road.

Observations were made from distances of 5 m to 2 km 

with the unaided eye, 7x binoculars, and a variable power 
(15-60x) spotting scope mounted on a tripod. Photographs, 

used to aid in bull identification and in the analysis of 

expressive behaviors, were taken with a 35mm SLR camera with 

an 85-205mm zoom lens, a 400mm lens, and a 400mm lens with a 
2x teleconverter.

The bulls were individually recognized by the unique 

features of their antlers and bell, and by any other unique 

markings or coloration. Sketches, verbal descriptions, and 

a photolog were used to aid in the recognition of individual 
bulls.

Bulls were provisionally placed in an antler-size class 
based on the number of tines per antler and on a subjective 
feeling for the overall size of the antlers; this placement
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was later confirmed by photographs.

Each individual bull was assigned a unique identifica

tion number. Any question as to the identity of a bull was 

noted at the time, along with the identification number 

given, and photographs taken at that time were later compared 

with the photographs of all bulls in question. Only those 

observations made on bulls photographed and positively identi

fied were used in the data analysis.

Bulls were placed into one of six antler-size classes, 

class 1 being the smallest and class 6 the largest (Table 1).
Placement into a class was determined by a point system

similar to that of the Boone and Crockett Club (Boone and 

Crockett Club 1958). The total number of points a bull re
ceived was determined by the summation of estimates of: 1) 
the greatest antler spread; 2) the mean of the maximum width 

of each of the two palms; 3) the mean of the maximum length 

of each of the two palms; and, 4) the mean number of tines 

per antler. These estimates were extrapolated from measure
ments taken with dial calipers from black and white prints 

or color slides. All measurements were taken using the 

Boone and Crockett Club system as a guideline (Boone and 

Crockett Club 1958). In cases where the lens-to-subject 

distance was known (the distance was measured with a range- 
finder) the measured image size was converted to subject 
size by the formula:

h = (h' x v)/F (1)
where h equals subject size, h' equals image size, v equals



Table 1. The range of antler scores, number of antler tines, and number of 
bulls in each antler-size class.

Class
number

Range of
points - 108-121 144-177 197-229 241-289 291-320

Number of 
antler tines
per antler 1 2-5 6-8 9-10 11-13 14+

Number of
bulls 2 9 10 12 15 11



distance from the lens to the subject, and F equals the lens 

focal length (Blaker, 1976). However, because more light was 

required for use of the rangefinder than for black and white 

photography, the lens-to-subject distance was usually not 

known. In these cases, a constant distance between the 

dorsal posterior surface of the burrs (203 mm for bulls with 

palmicorn antlers and 191 mm for bulls with cervicorn 

antlers) was used as a ratio measure to calculate the desired 
estimates:

203 mm = y 1
X y"(2)

where X equals the image burr to burr distance, y 1 equals

actual size of the antler, and y" equals the measured image 

size. This method is similar to the method used by the 

Alaska Department of Fish and Game Biologists for determining 

antler size from the air (W. C. Gasaway, pers. comm.). This 

method required that the photographs be taken with the lens 

perpendicular to the axis of the burr to burr line, and only 

such photographs were used. Whenever possible, multiple 

photograph sets of each bull were taken at different dis
tances from the bull. The mean of all estimates for each 
parameter was used in determining the number of points a 
bull received.

Because the effect of measurement error on the estimate 

of antler size varies with the lens—to—subject distance and 
with any deviation from the line perpendicular to the axis 
of the burr to burr line, it is difficult to estimate the 
error in the estimates of antler size. Based on repeated
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measurements of the sets of prints, I estimate that the error 

in any single measurement was no greater than 10 percent, and 

that the error in the number of points a bull received was no 
greater than 5 percent.

Sampling

Moose are very mobile animals, making it difficult to 

predict when and where animals may be found. This made it im

practical to sample on a rigorous schedule. Every day, road 

conditions permitting, I made at least one complete sweep of 
the study area at dawn, beginning as soon as there was suf
ficient light for observations, and another beginning about 

two hours before sunset. On those mornings or evenings when 

moose were not found on the first sweep, a second one was 

made. Every day, at least one other sweep was made at a time 

determined by a random number table. However, because camp 

was six km from the eastern end of the study area, if the 

generated third time was close to the time the morning sweep 

ended or the evening sweep began, I would stay out and con
tinually sweep the study area.

Moose are somewhat crepuscular (Peterson 1955; Geist 
1963) with nearly all animals active at dawn and dusk.
There is also a small proportion of moose active at other 

times during the day; thus, the third sweep was made to ob
serve those interactions that occur during the day. Al
though I believe that individual moose activity patterns are 
random with respect to antler size, the time for the mid-day 
sweep was determined by a random number table to minimize

14
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any hidden biases. Because of the small amount of data col

lected during the mid-day periods relative to the data col

lected during the dawn and dusk sweeps, and because there 

was no discernible difference between the two data sets, 

all the data were lumped and treated together.
All sightings of moose were recorded, a sighting being 

any observation of moose that lasted for a minimum of 10 

min. The 10 min minimum was used to ensure that the actual 

number and sex of moose present were recorded. The number 

and sex of the moose present and the identification numbers 

of any bulls present were recorded for each sighting. All 
moose close enough to interact or to be in sensory contact 
and capable of interacting were considered to be an aggrega

tion. The decision on whether or not to place all the ani

mals sighted into a single aggregation was primarily based 
on a subjective feeling for whether all the animals were 

close enough to monitor each other and to interact without 

having to first move closer. In addition, a guideline of 
30 m maximum distance between two animals was used, although 

two animals at opposite side of the aggregation may have 
been more than 30 m apart. While 30 m is somewhat arbitrary, 
it was chosen because it appeared that moose within 30 m 

were monitoring each other, while those animals separated by 

more than 30 m were not monitoring each other and first 
moved closer before beginning an interaction. This was true 

for bull-cow and cow aggregations, but was not necessarily 
true for bull-bull aggregations. There were only three 
occasions when it was not obvious that all the moose in view



were part of a single aggregation and a decision had to be 

made whether to place all moose into one aggregation. If 

an animal left the aggregation, a new aggregation was con

sidered to have been formed.

Sampling began only when a bull was present. I used a 
focal sub-group sampling system, following all the bulls 

present in the aggregation (Altmann 1974). A sample period 

began as soon as I was fully prepared to follow the bull(s), 

unless the bull(s) was already directly interacting with 

other moose, in which case the sample period began when that 
interaction was completed. Sample periods ended whenever 

any of the bulls under observation bedded down, were lost to 
view, or when observation became impossible because of low 
light levels or bad weather, e.g., fog.

Although I recorded all expressive behaviors that were 

observed, only those behaviors that I could consistently ob

serve were used in the analysis. Thus, I did not analyze the 
data on vocalizations or olfacatory behaviors.

Classification of Expressive Behaviors

The expressive behaviors were classified according to 
Walther's classification system (Walther 1974, 1977). All 
expressive behaviors were placed into one of the following 
categories: threat display, dominance display, courtship 

display, excitement activity, space claim display, submissive 
display, and behaviors advertising presence and readiness to 
interact. Threat displays are those displays that indicate 
a readiness to fight or spar. Dominance displays
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(Imponierverhalthen) are those displays in which the animal 

shows its ability to fight and that it may fight. Walther 

(1974, page 67) distinguishes between threat and dominance 

displays as "I am ready to fight you" (threat display) and 

"I am the greatest" (dominance display). Courtship displays 

are those displays used by the male to entice the female to 
reduce her individual distance to allow mating. Excitement 

activities are those behaviors that communicate that the 
animal is restless and excited. Classical displacement 

activities belong in this category. Submissive displays are 

those displays indicating a desire not to fight; they are 

the opposite of threat displays. Space claim displays are 
similar to threat and dominance displays, but function 

specifically and solely to defend space. Advertising pres

ence and readiness to interact behaviors, which may or may 

not be addressed to a specific conspecific, are those be

haviors that indicate physical presence and a general readi
ness to interact with either the addressee or with any other 

conspecific.
Walther (1974, 1977) presents a good discussion of the 

system and of the problems of placing behaviors into dis
crete categories. In this study, I used a best fit system, 

putting a behavior into that category it best fit. Cate
gory placement was primarily determined by the recipient 

response system (Smith 1968, 1977).

Data Analysis
In the data analysis, I distinguished between rut and
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pre-rut periods. Pre-rut is the period when the bulls are 

in rutting condition but the cows are not. This period be

gins in late August or early September when the bulls begin 
shedding their antler velvet, and ends when the rut period 

begins. The rut is that period when both bulls and cows are 

in rutting condition, and it includes the time between the 

first and second estrous peaks, even though there may not be 

any cows in estrous at that time. While the division between 

the pre-rut and the rut in reality is not sharp, it must be 
so for purposes of analysis. This division was arbitrarily 

set at three days prior to the first positive sign of an 

estrous cow. Three days was picked to minimize the inclusion 
of estrous cows in the pre-rut period. In addition, on this 

day during both field sessions, a whole day of data collection 
was lost due to inclement weather, thereby creating a division 
in the data. The dividing date was September 29 in 1977 and 

October 1 in 1978.
The behavioral rates, e.g., rates of addressing threats, 

were generated by dividing all the occurrences of the be

havior^) of all individuals in each antler-size class by the 

total amount of sample time (in minutes) during which the be

havior could possibly occur. For example, the total number 

of threats addressed by class six bulls was divided by the 
total amount of sample time during which class six bulls were 
with other bulls. Since focal sub-group sampling was used 
and there was no set sample period length, all interactions 

in all sample periods were used. Thus, data selection was
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not a problem (Shapiro and Altham 1978) and the rates are 

acts per antler-size class not per individual (Altmann and 
Altmann 1977).

All statistical tests are nonparametric, using Conover 
(1971) and Siegel (1956) as sources. All correlational 

analysis used Spearman's Rank Correlation (Conover 1971) 

after using the Chi-square test for independence to test the 

null hypothesis that the distribution of acts is independent 
of antler size. The expected values for the Chi-square test 
were generated by multiplying the proportion of the total 
number of bulls in the antler class in question by the total 

number of observed acts of the behavior being considered:

where equals the expected value in class i, B equals the
total number of behavioral acts performed by all bulls, n. 

equals the number of bulls in class i, and N equals the 

total number of bulls. When the data to be tested involved 

rates, an additional Chi-square test was used. In this test, 
the mean rate (generated by dividing the total number of acts 
observed by the total amount of sample time) for all antler- 

size classes was multiplied by the sample time for the class 
in question generating an expected number of occurrences of 
the behavior in question:

where E ^ equals the expected rate for the Chi-square test,
R equals the mean rate of performing the behavior in question

Ei = B(ni/N) (3)

E (4)
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by all bulls, the t equals the sample time for the ith class. 

This expected was then tested against the observed number of 
occurrences.



RESULTS AND DISCUSSION 

Aggregation Size and Composition

Moose are individualistic animals; the only stable 
association is the cow-calf pair (Peterson 1955; Houston 

1974; Peek et al. 1974; Bubenik pers. comm.)* Moose, 

however, do not always avoid each other, occasionally form

ing loose aggregations. Previous work shows that the size 
and composition of these aggregations varies with the 

habitat, season, snow cover and density, population struc

ture and density, and sex, age, and breeding condition of the 

animals involved (Peterson 1955; Geist 1963; Houston 1974; 

Peek et al. 1974). Agonistic behavior between individuals 

in an aggregation is highly variable in occurrence and type 
(Houston 1974; pers. obs.).

Table 2 gives the mean, variance, and range of aggrega

tion size for all sightings of moose and for the various 

types of aggregations, e.g., cow aggregations. The mean 
number of moose in all sightings and the mean size of the 

bull-cow aggregation was substantially larger in the rut 
than in the pre-rut, although this difference was not sig

nificant (Mann-Whiteny Test, T = 126 P > .05). This in

crease was due mainly to an increase in the number of cows 
in bull-cow aggregations. Although the increase in mean 
aggregation size was not significant, the increase in vari
ance was significant (Siegel-Tukey Test, T = 126,

.025 < P < .05). This increase in variance reflects a
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Table 2. The mean aggregation size, variance, range, and total sample size for all
aggregations of moose observed and for various aggregation types during the 
pre-rut, rut, and combined.

Aggregation Pre-Rut Rut Combined
Composition X Var. Range N X Var. Range N X Var. Range N
All Sightings 2. 59 5. 46 1-13 163 4. 38 22. 88 1-19 64 3.16 101.83 1-19 251
Above exclu
ding lone moose

3.98 19.50 2-13 100 6.83 23. 40 2-19 42 4.40 12.30 2-19 142

All cow 
groups*

2. 79 6. 00 1-13 107 4.40 25.43 1-18 44 3.47 11.98 1-18 151

Above exclu
ding lone cows

4. 05 6. 69 2-13 89 5.39 22.78 2-18 40 4. 80 13. 78 2-18 120

All bull 
groups**

1. 30 0.41 1-4 128 1.43 0. 54 1-4 49 1.33 0.45 1-4 177

Above exclu
ding lone bulls

2. 38 0. 37 2-4 30 2. 42 0.67 2-4 15 2. 39 0. 38 2-4 45

Bulls with 
cows * * *

1. 35 0. 42 1-4 73 1.45 0.67 1-4 39 1. 38 0.50 1-4 112

Bulls with
out cows

1.24 0. 38 1-4 55 1.27 0.02 1-2 10 1.24 0.35 1-4 65

Bull(s)-cow(s) 4.24 6. 15 2-12 75 7.21 22. 88 2-19 39 5.25 13. 86 2-19 114

*Not counting any bulls with the cows
**Not counting any cows with the bulls

***Not counting the cows



greater instability in the aggregations during the rut than 

during the pre-rut. Observations of the movements of known 

individuals indicate that the greatest instability of the 
aggregations was early in the rut when prime bulls were mov

ing from aggregation to aggregation, and late in the first 

estrous peak when cows were leaving the aggregations after 
mating.

The distribution of aggregation size for all sightings 

(Table 3) shows a predominance of lone individuals and small 

aggregations. Similarly, the distribution of bull-cow aggre

gations (Table 4) shows a predominance of small aggregations.

Both distributions show an increase in the frequency of large 
aggregations (>4) during the rut over the pre-rut, and a 

greater range in the size of aggregations.

The distribution of aggregation types, e.g. bull-cow 

aggregations, seen during the rut and pre-rut is significantly 

different (Table 5; R x C Chi-square Test, df = 6, .025 P £ .05).
This difference is due to an increase in the relative number of 
bull-cow aggregations and a decrease in the number of lone 

bulls and cows seen during the rut than that seen during the 

pre-rut (Table 5).

The data in Tables 2, 3, 4, and 5 shows that there was 
an increase in the gregariousness of the moose as the rut 
progressed. In addition, based on the movements of known in
dividuals, observed changes in aggregation composition, and 

in the variance of aggregation size, there appears to be an 
increase in the movement of animals and a decrease in the 
stability of aggregations. The low number of lone animals
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Table 3. Frequency d i s t r ibut ion  of  aggregation size for a l l  s i gh t in gs  of  moose during the pre-rut, rut,

and combined.

GROUP SI/E
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 N

PRE-RUT:
Number o f  aggrega
t i o n s  observed B7 35 20 19 6 6 6 1 3 0 0 3 0 0 0 0 0 0 0 187
% o f  pre-rut  
a ggregat i ons 46 . 5 18.7 10.7 3.2 0 3 .2 3.2 0 . 5 3 .2 0 0 3.2 0 0 0 0 0 0 0

RUT:
Number o f  aggrega
t i o n s  observed 22 0 3 6 5 2 5 2 3 1 0 0 2 0 1 0 1 2 0 64
% o f  rut  

aggregat i ons 34.3 12.5 4 . 7 9.4 7 . 8 3.1 7 . 8 3.1 4 . 7 1 .6 0 0 3.1 0 1 .6 0 1 .6 3.1 1 .6
COMBINED:

Number o f  aggrega
t i ons  observed 109 44 24 25 11 8 11 3 6 1 0 3 3 0 1 0 1 2 1 251
% o f  t o t a l  
s i g h t i n g s 43.4 17.5 9 . 6 10.0 4 .4 3 .2 4 . 4 1 .2 2 .4 0 .4 0 1 .2 1.2 0 0 .4 0 0 . 4 0 . 8 0 . 4
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Table 4. Frequency d istr ibut ion of group s i /e  for bull-cow aggregations during the pre-rut, rut, and

combined.

1 2 3 A 5 6 7 0 9 10 11 12 1 3 14 15 16 17 10 19 N

PRE-RUT: «

Number o f  aggrega
t i ons  observed 0 23 12 1/ 5 5 6 1 3 0 0 3 0 0 . 0 0 0 0 0 75

% o f  pre-rut  
aggregat ions

RUT:
0 30.1 16 22. 7 6 .7

•

6 .7 0 i .3 4 .0 0 0 4.0 0 0 0 0 0 0 0

Number o f  aggrega
t i ons  observed 0 r> 3 6 5 2 5 2 3 1 0 0 2 t) I 0 1 2 1 39

% o f  rut
aggregat ions

COMBINED:
0 12.fi 7.7 15.4 1 2 .  1 5.1 12 .f 5.1 7.7 2.6 0 0 5. 1 0 2 . 6 0 2 .6 5.1 2 . 6

Number o f  aggrega
t ions  observed
% o f  t o ta l

0 

> 0

20

2 4 . 1

16

, 13.2

23

20.2

10

fi.fl
7

6.1

1 1

9.6

3

2 . 7

6

5 . 3

1

0 . 9

0

0

3

2 .7

2

I .n

0

0

1

0 . 9

0

0

1

0.9

2

1.B
1

0.9 114

rou»



I able 5. Number of observations and percent of total of each group type during 
the pre-rut, rut, and combined.

Aggregation
 ----- Pre-rut R ut Combined

* * # %
Lone bull 44 23.5 * 0 12.5

Lone cow 10 9.0 4 6.3

One bull
with cows 54 28.9 26 40.6

52 20.7
Bulls -
no cows ii 5.9 2 3.1 13 5.2

22 0.8
Cows -
no bulls 16 8.6 j 1.6 17 6.0

80 31.9
Bulls with
cows 19 10.3 13 20.3 32 12.7

Cow and calf 25 13.4 . |0 15.6 35 13.9

N 18 7 6 4 2 51.

T ■ 13. 36

T = 10.13 when combining the categories lone bull and bulls - no cows, lone cows and 
cows - no bulls, and bull(s) and cows. In both cases, cows with calves 
were excluded.

Iv)Ch
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observed during the rut suggests that this increased movement 
and decreased stability is the result of aggregation fission 

and movements by more than one animal, although movements by 

lone animals at night cannot be ruled out. Of the lone bulls 
seen during the rut, all but one was a prime bull (antler 

classes 5 and 6 ) (Table 6); in contrast, during the pre-rut, 

the distribution of lone bulls was independent of antler size 

(Chi-square Test, df = 5, P > . 0 5 ,  X 2 pre-rut = 1.48). Of the 

lone cows seen during the rut, all but one was known or sus

pected to have mated. During the entire study period, cows 
with calves remained solitary and actively avoided other 

moose. There were only three occasions in which a cow with 

a calf did not shortly leave an area into which other moose 

had moved. On one of these occasions, the calf (which ap

peared to be confused by and afraid of the bull) was preyed 
upon by wolves. Since data on moose generally show that ap
proximately 90% of cows older than two conceive (Markgren 

1969; Simkin 1974), cows with calves must be courted and 

mated. I did not observe any such instances during the first 
estrous peak, but this may be due to a shorter courting time 

for these cows.

Bulls Associating with Cow Aggregations
The factors involved in the formation of cow aggrega

tions are not clear (Markgren 1969, 1974b; Lent 1974; Peek 

et al. 1974), but it is clear that bulls do not have any 
control over the formation or movement of cow aggregations 
(Lent 1974; pers. o b s .). Bulls can associate with an exist-



Table 6 . Distribution of lone bulls by class size 

during the pre-rut, rut, and combined.

Antler-size Class 

3 4 5 6

Frequency 
Seen Alone

Pre-rut 0 6 5 10 12 6

Rut O O O I 3 4

Combined 0 6 5 11 15 10



ing cow aggregation, but cannot prevent an individual or all 
the cows from leaving. Bulls can, however, prevent other 

bulls from associating with the cow aggregation (pers. obs.). 

Thus, which bulls associate with cow aggregations is one 

measure of dominance.

The distribution of bulls associating with cow aggrega

tions (Table 7) shows that the class 5 and 6 bulls associated 

with cows more frequently during both the pre-rut and the rut 

periods (Chi-square Test, P £ .005 df = 5) than did the non

prime bulls (class 4 and smaller). There is also a positive 
and significant correlation between antler-size class and 

associations with cows for the same periods (Spearman's Rank 
Correlation, P £ .005). In Table 7, those cases when more 

than one bull was with a cow aggregation, only that bull 

which could prevent or limit the access of the other bulls 

to the cows was considered to be associating with the cows. 

There were many cases of smaller, satellite bulls associating 
with a bull-cow aggregation, but they were frequently driven 
away from the cows and had very limited access to the cows 

and probably, with rare exceptions, did not mate with any of 
the cows in the aggregation. Thus, these bulls were not in
cluded in Table 7.

The association pattern of the moose and the instability 
of the aggregations are indications of their individualistic 
social system. In addition, the formation of cow aggrega
tions independent of bulls, the association patterns of bulls, 
the behavior of the dominant and satellite bulls, the trend
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Table 7. Distribution of bulls associating with cows by
class size during the pre-rut, rut, and combined.

Number of Times and Percentage of Total 
Number of Observations of a Bull Associ
ating with a Cow Aggregation

Antler-
Size
Class Pre- Rut Rut Combined

# % # % # %
1 0 0 0 0 0 0
2 4 6.3 1 2.6 5 4.9
3 6 9.5 0 0 6 5.9
4 7 11.1 2 5.1 0 .8.8

5 23 36.5 12 30.7 35 34.3

6 23 36.5 24 61.5 47 46.1

N 63 39 102

X2 = pre-rut 17.75

X 2 . rut 51.43

X 2com 58.7

Spearman's ^pre-rut = .971

Spearman's prut = .952

Spearman's prcom =1.00
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for only the larger bulls to be solitary during the rut, 

and the increase in gregariousness during the rut indicate 
the importance of being able to dominate other bulls and 

limit their access to cows.



Classification and Quantification of Expressive Behaviors

All the major expressive behaviors of moose have been 

qualitatively described elsewhere (Dodds 1958; Altmann 1959; 

Geist 1963, 1966a; Rykovski 1965; Lent 1974), but there has 
been no attempt to quantify or systematically place the be

haviors into functional categories. Geist (1963, 1966a) dis

cusses the functions of some of the behaviors with a system 
similar to Walther's, and his observations are taken into 
consideration here. All descriptions are based on my own ob
servations, in addition to those of the authors mentioned 
above.

Advertising Presence and Readiness to Interact 

Bush Thrashing

Bush thrashing is a common behavior of artiodactyls that 
appears to have a variety of functions (Walther 1977). In 

moose, bush thrashing functions to aggressively advertise 

presence and readiness to interact; it does so primarily by 
generated sound, but also by the increased visibility of the 
moving antlers (pers. obs.). The exact message depends on the 
context, addressee, and intensity of the thrashing. Intensity 

is especially important because there are two basic intens
ities (high and low) which convey different messages.

A bull that is bush thrashing with high intensity tends 
to pick the taller vegetation around him and to thrash the 
brush with horizontal and vertical head movements; the 
resulting sound is very loud. Such thrashing usually results
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in broken twigs and branches. High-intensity bush thrashing 

is an auditory challenge to spar; all high-intensity bush 

thrashing that was answered by high-intensity bush thrashing 
led to further mutual threatening and the preliminaries to 

sparring (see below). Addressees that did not respond with 

high-intensity bush thrashing or a threat soon left the area. 
High-intensity bush thrashing was the most frequent first be
havior between two prime bulls upon meeting, occurring in 14 
of 17 first meetings observed. Two of the three high- 

intensity bush thrashes that were not addressed to other 

moose (i.e., to world in Table 8) were apparently addressed 

to people who were blocking the path of a very aggressive 
individual.

High-intensity bush thrashing can be heard over a long 

distance. On one occasion I heard, before seeing, a thrash

ing bull that was approximately 2 km away. Presumably, moose 
can hear such thrashings over even greater distances. In 

addition, the visibility of the moving antlers in the open 
habitat of moose aids in locating the thrashing bull. Thus, 

high-intensity bush thrashing can be easily perceived and is 
an effective means of aggressively advertising the bull's 
presence and readiness to interact.

Low-intensity bush thrashing is distinguished from high- 
intensity thrashing by four points: 1) the bull does not 

select taller vegetation, instead thrashing whatever vegeta
tion is at his feet at the time; 2) the head movements are 
nearly, if not wholly, horizontal; 3) there is very little, 
if any, damage to the plant; and, 4) the resulting sound is
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Table 8. The percentage of occurrences of bush thrashing in behavioral

interactions, and the distribution of addressing low— and high— 
intensity bush thrashing.

% of occurrences in observed bull-cow interactions. 49% (49/100).

% of occurrences in observed bull-bull interactions. 43% (21/49).
% of observed bull-bull interaction that had high-intensity

bush thrashing only. 67% (14/21) .

Low-Intensity High-intensity

Addressee No. % of LI
% of 
Total No. % of HI

% of 
Total No.

Total
«

Cow 87 60 50.6 1 3.7 0.6 88 51.1
Bull 49 33.8 28.5 23 85.2 13.4 72 41 . 9
World 9 6 . 2 5.2 3 11.1 1.7 12 7.0
N 145 84.3 27 15.6 172

u>



not very loud. The two intensities could usually be readily 

differentiated based on the sound.

Low-intensity bush thrashing has greater variability in 
the exact message and functions more generally in advertising 

presence and readiness to interact. Low-intensity bush 

thrashing was most frequently addressed to cows (Table 8) 

just prior to the bull's approach, occasionally when approach

ing for the first time, but more frequently when approaching 
a cow which had just walked away from the thrashing bull. 

Low-intensity bush thrashing was also addressed to cows that 

were ignoring the bull. The cow usually responded to the 

thrashing by closely watching and/or avoiding the bull. The 

aggressive, threatening nature of bush thrashing is also re
flected in the decrease in the rate of bush thrashing to cows
by all antler classes in the rut from that of the pre-rut 

(Table 9) and by the decrease in the overall rate from 0.033 

thrashings/minute during the pre-rut to 0.010 thrashings/ 

minute during the rut; this latter difference is significant 
(Mann-Whitney, T = 165, .025 £ P < .05).

The low-intensity bush thrashing addressed to other
bulls was either a prime bull thrashing at a smaller, 

satellite bull, or two non-prime bulls involved in a low- 

intensity sparring match. Low-intensity bush thrashing be
tween bulls had a threat component to it.

Because bush thrashing is an auditory display that 
aggressively advertises the bull's presence and readiness 
to interact, it draws attention to the performer from over
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a wide area, attention that is not desirable if the proba

bility of bringing in a dominant bull is high. Thus, bush 
thrashing is one measure of a bull's participation in the 

rut. The rate of all bush thrashing and of bush thrashing 

to cows correlates positively with antler-size class 

(Table 9, Spearman's Rank Correlation, .005).

In summary, bush thrashing is basically an auditory 

display advertising presence and readiness to interact. The 
intensity of thrashing varies with the sex and age of the 

addressee, and the context. There are two basic intensities 

each with different messages.

Vocalizations
The characteristic cow vocalizations also function to 

advertise presence and readiness to interact (see Lent 1974 

for a discussion of moose vocalizations). In addition, re

searchers in Europe and Siberia have a discussed bull vocal

ization, the "roar" (Markgren 1969; Rykovski 1965). Although 

no such vocalizations were heard in this study, it appears 

from the descriptions that it is an important behavior ad

vertising presence of Eurasian moose. It may be that bulls 

living in more forested habitats, as Eurasian moose apparent
ly do, vocalize more than bush thrash. In general, because 
of the individualistic nature of moose and particularly be
cause of the problems in locating potential mates, any be
havior that advertises presence and readiness to interact is 
important for moose.
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Threat Display

Head-High Threat

During the head-high threat, the moose stands erect with 
the head high, the muzzle parallel to the ground, and the 

ears back. The withers are not normally raised. Geist (1963) 

suggests that the head-high threat is an intention movement 

to kick the addressee with the forelegs.

The head-high threat is apparently the most frequently 

used threat of antlerless moose (Geist 1963; pers. obs.), 
although I do not know of any quantitative data to support 

this. This -tdireat is rarely used by bulls with functional 

antlers, i.e., after the velvet has been shed (Table 10). I 

only observed the head-high threat used by bulls to threaten 
other bulls nine times. Six of these head-high threats were 

by a bull at least two size classes larger than the addressee, 

and all six of these were in the context of the chase/avoid 

sequence (see below). The remaining three were threats be

tween prime bulls early in the pre-rut. A class 2 bull 

threatened a cow once, and I was once threatened with a head- 
high threat by a class 5 bull. Cows frequently threatened 
other cows as well as bulls with the head-high threat, and 

on three occasions I observed a cow kick another cow after 
using the head-high threat. The most frequent response to a 
head-high threat was either a head-low threat or avoidance.
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Table 10. Nuinber of times each threat and dominance dis

play was addressed to another bull and the 
percentage each represents of the total number 

of threats observed.

Display Number Percent

Swaying gait 35 15.0

Head-High threat 9 3.9

Head-Low threat 4 1.7

Antler threat 66 28.3
Chase/avoid 6 7 2 8.7

Bush thrashing* 48 20.6

Broadside 4 1.7

*Includes all high-intensity bush thrashings and those 
low-intensity bush thrashings occurring with other 
threats.
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Head-Low Threat

The head-low threat is a defensive threat, as opposed 

to the offensive head-high threat (Geist 1963). In the 

head-low threat, the head is lowered with the muzzle approxi

mately 45 degrees to the ground. The ears are down with the 
insides turned out, and the withers and level of the rump 

are usually, but not always, raised. It was seen most fre

quently in response to people who had approached too close. 

When addressed to other moose, the head-low threat was most 
frequently used in response to another threat (6 of 9), or 
when the other moose had encroached (3 of 9). Moose will 

strike or charge from this display, but, unlike the head- 

high threat in which an attack is likely unless the ad

dressee moves away, an attack from the head-low threat is 

likely only if the addressee continues to threaten or en
croach (Geist 1963; pers. obs.).

I only observed four cases in which a bull used the 

head-low threat to threaten another bull; 1) a class 6 bull 

threatened a class 2 bull early in the pre-rut; 2) a class 6 
bull threatened another class 6 bull in response to an 
antler threat; 3) a class 2 bull threatened another class 2 

bull during a low-intensity sparring match; and, 4) a class 2 

bull threatened a class 4 bull. Cows that were threatened by 

other cows with a head-high threat frequently responded with 
a head-low threat. Cows also threatened bulls that were too 
persistent in their approaches with a head-low threat.



41

As with the head-high threat, the head-low threat is 

rarely used by bulls with functional antlers (Table 10), 

but it is apparently a fairly common threat for moose with
out antlers.

Antler Threat

In the antler threat, the bull directly faces the ad
dressee and draws his muzzle in toward his chest, pointing 

his antlers at the addressee. This threat displays both 
the size of the antlers and a readiness to use them. Geist 
(1966a) calls this display a weapon threat.

The antler threat is frequently seen in the context of 

a spar. It is also frequently seen just prior to or just 
after a chase/avoid sequence (see below). Of the 66 antler 

threats, 39 were by a prime bull to another prime bull in 

the context of a spar (Table 11). In the remaining 27 

threats, 18 were by a prime bull to a smaller bull in the 

context of a chase/avoid sequence, 5 were reciprocal 
threats by non-prime bulls just prior to a low-intensity 
sparring match, and 4 involved a smaller bull threatening 
a larger bull. These last four threats represented four of 

the five times a smaller bull threatened a larger bull, and 
two of these threats were addressed to a bull that was lying 
down. The other threat addressed by a smaller bull to a 
larger bull was a head-low threat. All cases of reciprocal 
antler threats led to further mutual threatening or a spar.

Antler threats were the most frequently used bull
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Table 11. Distribution of observed antler threats by 

antler size, addressors on the rows, ad

dressees on the columns.

Addressees

Antler-Size
Addressors

1 2 3 4 5 6 N

1 0 0 0 0 0 0 0

2 0 2 0 1 0 0 3

3j 0 0 0 2 1 0 3

4 0 0 3 0 0 0 3

5 3 3 4 3 18 0 31

6 0 1 1 3 12 9 26

N 3 6 8 9 31 9 66



threat display (Table 10). This prevalent use by antlered 

bulls of the antler threat over the use of head-high and 

head-low threats is an indication of the importance of ant

lers in the expressive behavior of bull moose.

Chase/Avoid Sequence
Although the chase/avoid behavioral sequence is not an 

expressive behavior per se, I have included it here for two 

reasons: 1) it is one of the most frequently used bull-bull 
agonistic behaviors observed (Table 10); and, 2) it fits the 

concept of symbolic action (symbolhandlungen) discussed by 

Walther (1974).

A cow aggregation may have had a dominant bull and one 

or more subordinate, satellite bulls associated with it.

One of the ways the dominant bull limited access of satellite 
bulls to the cow(s) was by the chase/avoid sequence. If a 

satellite bull approached a cow too close, or if the dominant 

bull wanted to drive a satellite bull out of the immediate 

area, the dominant bull would "chase" the satellite bull 
away. The "chase" may have consisted of just a look by the 
dominant bull (sometimes with an antler threat), a step or 
two (sometimes preceded by an antler threat) or the dominant 

bull running a few steps toward the satellite bull. This 

last instance, actual chasing, only occurred when the satel

lite bull was persistent in remaining in the area, if the 
initial distance separating the two bulls was large (on the 
order of 20 m ) , or if the dominant bull was a particularly 
aggressive individual. Also, when non-prime bulls were
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chasing, the chases tended to be actual chases. Most of the 

chase/avoid sequences, however, were a few steps in the 

direction of the satellite bulls, with or without an antler 
threat.

The "chase" segment was terminated (sometimes with an 

antler threat) very rapidly after the satellite bull turned 

and began to move off (the "avoid" segment). I never saw a 

chasing bull actually catch the other bull; in fact, chases 

persisting for more than a few steps after the other bull 
had begun to "avoid" were very rare (2 of 67 chase/avoid 

sequences).

Eight chase/avoid sequences were observed involving two 

prime bulls. These occurred after a spar or when a prime 

bull approached another prime bull. In all cases, the sub

ordinate bull did not threaten but avoided the "chasing" bull. 

Thus, it appears chase/avoid behavior occurred only when 

dominance is clearly established.

The chase/avoid in moose differs from that of other 
cervids in that other cervids will persist in chasing another 
bull and on occasion catch and strike the other bull (Espmark 

1964; Schaller 1967; Schaller and Homero 1978; Struhsaker 

1967; Bergerud 1974; Kucera 1978; pers. o b s .). Thus, the 

chase /avoid behavior in moose may be an example of ritual- 
ization of the more aggressive chase/avoid of other cervids.

Table 12 gives the distribution of chase/avoid sequences 
by antler-size class. That the vast majority of "chases" are 
addressed by prime bulls (58 of 67) and that there are no 
instances of a "chase" addressed to a larger antlered bull
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Table 12. Distribution of chase/avoid by antler-size, 

addressors on the rows, addressees on the 

columns.

Antler-Size Class, addressees

Antler-Size
Class

1 2 3 4 5 6 N

1 0 0 0 0 0 0 0

2 0 4 0 0 0 0 4

3 0 1 0 0 0 0 1

4 0 3 0 1 0 0 4

5 3 17 7 6 3 0 36

6 0 4 6 7 5 0 22

N 3 29 13 14 8 0 67
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is another indication of the dominance of large antlered 

bulls. Table 12 also shows that the "chase" was primarily 

addressed by a prime bull to a non-prime bull (59 of 67) 

and only rarely to another prime bull (8 of 67). This is 

because chase/avoid behavior primarily involved bulls in 
multi-bull-cow interactions and such aggregations were 

never composed of two or more prime bulls, but of only one 

prime bull and one or more non-prime bulls.

In summary, chase/avoid behavior usually involved a 

prime bull and a non-prime, satellite bull; two prime bulls 

were only rarely involved. In all cases, it appeared that 
dominance was clearly established.



Dominance Displays

Swaying Gait

In the swaying gait, which has also been called the 

build-up or challenger gait (Altmann 1959), the bull walks 

slowly with stiffened legs and back, swaying his whole body 

from side to side. Frequently, the head and antlers sway 
with an exaggerated motion. The amount of swaying, espe
cially of the head and antlers, appears to vary with the 

intensity of the threat.

The swaying gait was frequently associated with spar

ring. All high-intensity spars were preceded by reciprocal 
swaying gait; any interaction including reciprocal swaying 

gait that did not end up in a spar terminated with one of 
the bulls immediately leaving the area. In addition, all 

but one observation of swaying gait by a prime bull ad

dressed to another prime bull was preceded by high-intensity 

bush thrashing.
The distance covered by a bull in swaying gait varied 

greatly. Sometimes the two bulls in the swaying gait walked 

a long distance (the longest I observed was about 60 m) 

parallel to each other, about 3 to 5 m apart. Bulls would 
also perform the swaying gait display while standing in 
place. During the swaying gait, a bull would occasionally 
stop and threaten with an antler threat, then resume the 
swaying gait.

The swaying gait functions as a dominance threat, pri-
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marily as a preliminary to sparring. The action displays the 

bull's size (particularly that of his head and shoulders) and 

level of aggressiveness. This display is a challenge domin

ance display, an "I am the greatest" display. Low-intensity 

swaying gait may also be seen in the context of courtship, 
as a part of the lateral approach.

Broadside Display

The literature on this display is confusing. Lent 

(1974) and Altmann (1959) do not mention it; Geist (1966a) 
and deVos (deVos et ad.. 196 7) describe a behavior, the 

"present display", in which the bull walks slowly and stiffly 

along a tangent to the addressee. The ears are back and 

their insides turned out and the antlers are tipped to the 

addressee. I only observed this behavior twice. However, I 
frequently observed a behavior, the broadside display, with 
the same posture, a variable ear position, and without the 
movement.

In the greatest intensity of the broadside display, the 

bull stands perpendicular, or nearly so, to the addressee 

with the legs and back stiff, the rump raised, the withers up, 
and the muzzle 45 degrees from the vertical so that palmate 

surfaces of antlers are perpendicular to the ground. This 

display varies greatly in intensity; at its lowest intensity 
it grades into normal posture. As described, it is similar 
to the description given for the broadside display of other 
ungulates (Walther 1977).
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The broadside display was addressed to both bulls and 

cows, but much more frequently to cows (94 of 98 observed).

This display was addressed to another bull only when domin
ance was clearly established and the subordinate bull was 

between the dominant bull and a point of contention, usually 
cows. On the two occasions I did observe the "present dis

play"; it was in a situation as described above, except 

that the dominant bull was initially hidden from the view 
of the subordinate bull.

In the vast majority of cases in which the broadside 

displays were addressed to cows, the bulls would display per

pendicular to the general direction the cows were moving.

Cows would not cross the path of a displaying bull, but would 

either outwait or widely circumvent him. These were my only 

observations of a bull affecting the movement of a cow, and 
this was only temporary.

The number of sample periods in which a bull addressed 

the broadside display at least once to a cow is not independ
ent of antler-size (Table 13, Chi-square, df = 5, .025 ■£. P <.05), 

and is positively correlated with antler size (Spearman's Rank 
Correlation, p = 1.00, P .025). There also seemed to be a 
trend for the larger bulls to perform the display for longer 

times, but, because of problems in collecting data on dura
tions, this is not certain.

The time a bull would spend in the display was highly 
variable; observed durations varied from less than 5 s to 
17 minutes. However, since at its lowest intensities the



Table 13. Percentage of interactions in which a bull addressed a broadside 

display toward a cow. The distribution is by antler-size class.

Percentage 
of Inter
actions

Antler-size 1 2 3 4 5 6  Total
class

Pre-rut 0 0 27.3 40 50 66.7 44.8

Rut 0 12.5 0 16.7 33 30 19.1

Total 0 7.7 15.8 27.3 40 53.6 23.8
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display grades into normal posture, I was not always sure of 
the onset time; thus, it is likely that longer durations did 

occur. Once in the display, a bull may break it for a short 

time (less than 10 s) and then resume displaying. On one 

occasion, a bull did this three times, for a total time of 

44 minutes. This may be what Altmann referred to as "the 
bull standing for hours usually sidewise, three to five 
yards from the cow" (Altmann 1959, page 422).
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Summary of Threat and Dominance Displays

The threat and dominance displays are those behaviors 

used by moose to establish dominance. Only when all else 
fails do the moose spar (see below for a discussion of spar

ring). If antlers are social organs, then the larger antler

ed bulls should dominate and threaten other bulls more fre

quently, and most of the threats should be addressed to 

bulls of the same antler-size class, with a lesser number 

addressed to smaller bulls (Geist 1966b; Walther 1974).
Very few threats should be addressed to larger bulls.

The distribution of addressing threats and dominance 

displays is not independent of antler-size class (Tables 14 
and 15: Chi-square, df = 5, P -d.001), with most of the 

threats addressed to bulls of the same class. Also, the 

number of threats larger bulls addressed to smaller bulls is 

disproportionately large. Smaller bulls only rarely threat

ened larger bulls. The rates of threatening (Table 15) also 
indicates the importance of antler size; those interactions 
between bulls of the same size class have the highest rate 
of threatening.

There is a positive and significant correlation between 
antler-size class and the rate of addressing threats (Table 16 

Spearman's Rank Correlation, P -<.05). The rate of receiving 
threats is, however, independent of antler-size class (Chi- 
square df * 5, P >  .05, Table 16); the reasons for this are 

complex and difficult to analyze. The rates for receiving 

threats are dependent on the probability of being in agonis-
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Table 14. Distribution of all threats and dominance
displays, including high-intensity bush thrash

ing and those low-intensity bush thrashings 
involved in agonistic interactions, by antler- 

size class, addressors on rows, addressees on 

columns.

Antler-size class, Addressees

Antler-Size
Class
Addressors

1 2 3 4 5 6 N

1 0 0 0 0 0 0 0

2 0 5 0 1 0 0 6

! 3 0 1 4 3 1 0 9

4 4 6 8 1 0 0 19

5 4 30 13 12 34 0 96

6 0 9 10 12 36 25 92

N 8 51 35 29 74 25 222
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Table 15. Distribution of addressing threats with respect 

to relative antler size of addressee.

Addressor to addressee Number observed Expected

Larger to smaller 145 93

Same size 72 36
Smaller to larger 5 93
N 222

Expected E = (C^/C) (N) where E equals the expected, Cb 

equals the total number of possibilities in the ith cate

gory, e.g., the total number of possible combinations of 
a larger size class threatening a smaller size class, C 
equals the total number of possibilities, and N equals 

the total number of observed threats.

X 2 = 1483
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Table 16.

Pre-rut

Rut

Total

Rates of addressing threats with respect to rela

tive antler size of addressee.

Larger to Smaller to
smaller Same larger

Number of
threats 100 50 4
Sample
time (min.) 1464 556 1464

Rate
(no./min.) .068 .090 .003

Number of
threats 45 22 1

Sample
time (min.) 928 184 928

Rate
(no./min.) .048 .120 .001

Number of
threats 137 80 5
Sample
time (min.) 2392 735 2392

Rate
(no./min.) .057 .11 .002



56

Table 17.

Pre-rut

Rut

Combined

The rates of addressing threats by antler-size 

class during the pre-rut, rut, and combined.

1
Number of 
threats 0

Sample
time
(min.) 22

Rate
(no./min.)

Number of 
threats 0

Sample
time
(min.) 88

Rate
(no./min.) 0

Number of 
threats 0
Sample
time
(min.) 110
Rate
(no./min.) 0

Spearman's p

2 3 4

3 9 13

387 507 404

.008 .018 .032

3 0 6

491 260 422

.006 0 .014

6 9 19

878 767 826

.007 .012 .023

Pre-rut Rut

.943 .88

5 6 N

77 55 157

964 347 2631

.080 .159 .066

19 37 65

451 510 2222

.042 .073 .029

96 92 222

1415 857 4853

.068 .107 .046
Total 

1 . 0 0
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Table 18.

Pre-rut

Rut

Combined

The rate of receiving threats by antler-size class 

during the pre-rut, rut, and combined.

1

Number of 
threats 5

Sample
time
(min.) 22

Rate
(no./min).227

Number of 
threats 3

Sample
time
(min.) 88

Rate
(no./min).034

Number of 
threats 8
Sample
time
(min.) 110

Rate
(no./min).072

Spearman's p

2 3 4

29 30 18

287 507 404

.072 .059 .045

22 5 11

491 260 422

.045 .019 .026

51 35 29

878 767 826

.058 .046 .035

Pre-rut Rut
-.657 -.029

5 6 N

55 18 154

964 347 2631

.057 .049 .058

17 7 65

451 510 2222

.038 .014 .029

72 25 222

1415 857 4853

.051 .029 .045
Total

0.829
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tic interactions, and the number of bulls and size classes 

that are larger. It is not clear whether a larger sample 

size would show a dependence on antler size. Rates of sub

missive behavior would be a better measure; however, I did 

not observe any well developed submissive behavior.

The data presented support the prediction that the 

larger antlered bulls address more threats, and that antler 

size is positively correlated with dominance. However, 
bulls probably do not form dominance hierarchies in the 
classical sense because not all bulls meet during the course 

of the rut. It did appear that once dominance was estab

lished between two bulls, it was recognized and maintained 

throughout at least the rutting period. This was based on 
many observations of two bulls of the same antler-size class 
meeting and one leaving the area rather than contesting the 
other. I also observed three instances in which two class 6 

bulls, known to have established dominance by sparring at 

least two days earlier, met again at a different location; 

in each case, the subordinate left the area without contest

ing the dominant. Thus, it appears that once a dominant- 
subordinate relationship was established, it was recognized 

at later meetings.
In summary, displays used predominantly in dominance 

interactions are centered on the head and antlers. The 
larger antlered bulls were more aggressive, addressed more 
threats, and were able to dominate the smaller antlered
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bulls. Thus, all the data presented here support the hy 

pothesis that antlers function as social organs.

(



Sparring

Sparring is not an expressive behavior. However, be
cause it is associated with both threat and dominance dis

plays and because it is the final means of determining 
dominance, it should be discussed in context with threat 

and dominance displays.
Sparring is the ritualized antler fighting of bulls. I 

did not observe any instances in which the bulls did not 

spar but actually fought, i.e., did not use the ritualized 
fighting style. Thus, I will only distinguish between high- 

and low-intensity sparring, and not between sparring and 

fighting, although fighting among moose may occur {Markgren 

1969; Lent 1974).
The most frequently observed sparring was a low- 

intensity push-and-shove match between non-prime bulls (10 

of 16 observed). On one occasion, early in the pre-rut, I 

observed two class 6 bulls engage in a low-intensity spar
ring match; in general, however, only non-prime bulls were 

involved in low-intensity sparring matches. In these low- 
intensity spars there were few, if any, preliminaries, such 

as swaying gait, although low-intensity bush thrashing was 

frequently performed. In addition, these spars were only 

push-and-shove matches with very little clashing or threat
ening involved. One such sparring match lasted for three 
hours, with many short breaks for browsing. The bulls in
volved were satellite bulls in a multi-bull-cow aggregation.
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Prime bulls engaged in high-intensity spars preceded by 

elaborate preliminaries of mutual threatening. The prelimin
aries were constant in content and sequence: high-intensity 

bush thrashing, followed by a swaying gait which may be in

terrupted by more bush thrashing and/or antler threats, fol

lowed by the initial clash. Whereas antler clashing was 

relatively non-violent in the low-intensity spars, the clash

ing could be quite violent in the high-intensity spars. On 
one occasion, the clashing resulted in broken antler tines. 

The first clash seemed to be the most violent. After clash

ing, the bulls would try to shove the opponent backward and 

push his head toward the ground. After a short time the 
bulls would break contact, frequently threatening each other 

with antler threats in the interlude. I did not observe any 

browsing during the breaks. The bulls then clashed, pushed 

and shoved, and broke, repeating the cycle many times. I 

observed high-intensity sparring matches lasting from 10 to 
75 min, and a professional photographer reported one lasting 

nearly 2 hours. A spar ended when one of the bulls turned 

and ran off. The victor did not pursue his opponent.

Only prime bulls engaged in high-intensity spars, and 

these spars were rare compared to low-intensity spars. The 
intensity and duration of the spars appeared to be related 
to the size and strength of the opponents and to how closely 

the opponents were matched, but this needs to be confirmed 

experimentally.



Submissive Displays

Moose do not have any well developed submissive behaviors. 

However, when a bull is avoiding a threatening bull, as in a 

chase/avoid sequence, it does not appear to simply run away. 

Instead, it first turns its body, briefly showing the side 

of its neck, and then runs away at an angle to the dominant 

bull. This occurs even when the subordinate bull is already 

standing at an angle to the aggressor. This behavior is most 
obvious after a spar. Whether this is truly a submissive be

havior or just the natural outcome of avoidance behavior 

needs further research. If this turning of the body is a 
submissive behavior, it may be a vestige of the phylogenetic- 

ally old submissive behavior of presenting the neck and flank 

to the opponent (Geist 1966a, 1971b).
The lack of well developed submissive behaviors in moose 

is expected. Because moose are individualistic animals, an 

individual can easily avoid an agonistic encounter by leaving. 
Of course, satellite bulls probably do communicate their sub
ordinate status to the dominant bull by their posture, by 

averting their attention, and/or by their lack of threatening 

behavior. However, I could not distinguish any obvious dif

ferences between the posture and behavior of a satellite 
bull near a dominant and the normal posture and behavior of 
a small bull without a dominant bull nearby. Thus, the com
munication is probably subtle, perhaps relying heavily on 

antler size as a signal.

62



Space Claim Displays

Moose do not have any special space claim displays. The 
broadside display, at first glance, may seem to belong in 

this category; however, the bull is not defending space, but 

is rather attempting to prevent movement past himself.

The lack of space claim displays in moose is not sur

prising. Because moose are not territorial (Peterson 1955; 

Geist 1963) space, except for individual distance, is not 
usually defended. Whatever space claims are necessary are 
probably made with threat and/or dominance displays directly 

to intruders. It should be noted, however, that personal 

space is an important component of moose interactions 

(Bubenik pers. comm; pers. obs.).

Excitement Activities

It is difficult to place any behavior into this vague 

and heterogeneous category. The key factors are that the be
havior communicates the performer's excitement and agitation, 
that the behavior can have a contagious effect, and that the 

behavior is not necessarily addressed to a specific individual 

(Walther 1977).

Wallowing
Wallowing as communication epiphenomenon may fit into 

the category of excitement activities. The act of wallowing 

appears to be the result of the bull's excitement, but it is
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the associated odor and the spread of the odor that commu

nicates with and most affects other moose (Lent 1974; pers. 

obs.).
Whenever a bull dug a wallow pit, he dug several strokes 

with his forelegs, urinated in the pit, and then dug again, 

repeating this cycle many times. The bull dug with one, both, 

or alternate forelegs. After repeating the cycle a number of 

times (a maximum of 14 cycles was observed), the bull laid 
down and rolled around (wallows) in the pit. A bull occasion

ally bedded down in the pit. Bulls that had been wallowing 

gave off a strong odor which carried a long distance (pers. 

obs.). This odor appears to be an attractant to cows. On 
several occasions, I observed cows that had previously ig

nored a bull run up to the bull after he had finished wallow
ing. On one occasion, the cows had walked approximately 30 m 

away before running back to a bull which had just finished 

wallowing. I did not observe any excitement by cows until 

after the bull had urinated several times.
All size classes of bulls dug wallow pits. In addition, 

non-prime bulls would wallow in the recently abandoned pit of 

a prime bull. Cows would also wallow in a pit dug by a bull; 

in fact, the greatest instance of cow-cow agonism I observed 

was over a fresh wallow pit.
Wallowing is a common behavior of ungulates, and it 

probably has different functions in the different species and 
sexes. One function that has been suggested is that wallow
ing announces the presence of a territorial or harem bull
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(Walther 1977). Moose are not territorial nor do they form 

harems, but they do form associations with an area or a cow 

aggregation, and announcing a bull's presence in the area 

could be important. Thus, wallowing probably serves many 
functions: attracting cows, announcing the bull's presence, 

and communicating and generating excitement, especially 

among cows.

Courtship

There are many behaviors that belong in the category of 

courtship behavior. Unfortunately, I was not able to observe 

an entire courtship sequence which ended in coitus, because 

either t h e 'cows that were being courted always went into thick 

vegetation prior to being mounted or because the moose were 
already in the thick vegetation and were not observed until 

the mounting took place. In addition, I believe that most of 

the copulations took place at night. This makes it difficult 
to place the observed behaviors into proper perspective, es

pecially in terms of sequence and specific function.

Stage 1 Courtship

Stage 1 courtship consists of those behaviors that a 

bull uses to test whether a cow is in estrous and receptive 

to the bull.

Approaching, Naso-Genital, and Flehmen
All of these behaviors communicate as epiphenomena, com

municating the bull's readiness to court the cow. The cow's
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response also communicates much important information. These 

three behaviors are the most frequently observed bull-cow 

behaviors, and all three are intimately associated. Presum

ably, a bull that approaches a cow for the first time intends 
to test whether she is in estrous, and the naso-genital test 

is the most accurate way to do so (Geist 1963; Estes 1973). 

Flehmen is the behavior observed when the bull stimulates the 

vomero-nasal organs with chemicals picked up in the naso- 

genital test (Estes 1973).
The primary function of the naso-genital test is to as

certain chemically if the cow is in estrous. However, a bull 

that approaches and/or tests a cow naso-genitally is also 

communicating both his intent to test the cow and his readi

ness to court her. In addition, the cow's response to being 
tested may also communicate her receptivity, i.e., she may be 

in or near estrous and not receptive to this particular bull. 

The cow may thus communicate her lack of receptivity by 

avoiding and/or threatening the bull (pers. obs.).
Approaching, naso-genital testing, and flehmen, along 

with bush thrashing, are the first stages of courtship. The 

bull tests the cow's receptivity and communicates his readi

ness to interact and court. If the cow indicates she is 
receptive, the bull will proceed to stage two courtship.

Because a bull must approach a cow for a naso-genital 
test, and because bulls occasionally test a cow more than 
once in succession, I used approaches to the cow as the 
measure of stage 1 courtship activity. An approach was any
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movement directed toward a cow, including those cases in which 

a bull did not have to walk toward but only turn his body to 

approach a cow. During the pre-rut, the number of approaches 

was independent of antler size (Table 19, Chi-square test, 

df = 5, P>.05); in contrast, the number of approaches dur
ing the rut and overall were not independent of antler size 

(Chi-square test, df = 5, . 001 < P ■£..005) , and there was a 

positive and significant correlation (Spearman's Rank Cor

relation, . 025 <= P •< . 05) between antler-size class and the 
number of approaches during the rut and overall. However, 

based on: 1) the data for the pre-rut; 2) observations show
ing that the non-prime bulls were more persistent than the 

larger bulls in approaching cows which were ignoring or 

actively avoiding the bull; and, 3) the fact that the larger 
bulls had an inhibitory effect on the courting behavior of 

non-prime bulls, which decreased the total number of ap

proaches by the non-prime bulls, (Table 20), I believe the 

data for the rut and overall is probably more indicative of 

the inhibitory effect prime bulls have on non-prime bulls, 

rather than of a more frequent courting behavior on the part 

of the larger bulls.
In summary, approaching, naso-genital testing, and 

flehmen are all behaviors associated with bulls testing the 
receptivity of cows. Since bulls frequently come into con
tact with new cows or have not had the opportunity to test 

the cow's receptivity in a long time, these behaviors are very 
important. As the cows begin to come into estrous, the bulls,



Table 19. Rates of approaching cows by antler-size class during the pre-fut, rut and 
combined.

Pre-rut

Rut

Combined

Size Class
1 2 3 4 5 6 N

No. 0 15 14 20 56 47 122
Sample 
time 
(min. ) 22 158 388 296 625 598 2087
Rate
(No./min.) 0 .095 .036 .068 .042 .060 . 058

No. 0 5 2 7 22 24 60
Sample 
time 
(min.) 88 512 210 561 316 497 2184
Rate
(No./min.) 0 .010 .010 .012 .070 .048 .027

No. 0 20 16 27 48 71 182
Sample 
time 
(min.) 110 670 598 857 941 1095 4274
Rate
(No./min.) 0 .030 .027 .031 .051 .065 .043

Pre-rut Rut Total
Spearman's p 486 .886 . 886
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Table 20. Rates of approaching cows (approaches/minute) 

for bulls from Class Two to Four with and 

without Class Five and Six bulls present.

Size Class 
2 3 4

With class
five and six
bulls present .013 .019 .004

Without class 
five and six
bulls present .043 .039 .027



after establishing the cows' receptivity using stage 1 

courtship, begin stage 2 courtship.

Stage 2 Courtship

Stage 2 courtship refers to the courtship behaviors 

of a bull with a receptive cow.

Tongue Flicking

Tongue flicking is seen in both stage 1 and stage 2 

courtship, but it is more prevalent in stage 2. The be

havior consists of the bull flicking his tongue in and out 
several times when approaching a cow, following behind a cow 
he has just naso-genitally tested, or standing near a cow.

The specific function of tongue flicking is not clear. 

Stringham (1974) mentions that calves soliciting to be nursed 
tongue flick, and tongue flicking in bulls may be related to 
this, using the behavioral metaphor of a nursing calf to 

attempt to reduce the cow's individual distance.

Low Stretch (Uberstrecken)

In the low stretch, the bull approaches the cow with the 

neck stretched out, the head lowered, and the muzzle parallel 

to the ground. The bull may also be tongue flicking. This 

is a common artiodactyl behavior and is seen in many contexts 
with many messages. In many artiodactyls, the low stretch is 
a dominance display (Geist 1971a; Walther 1977). In moose,
I saw this behavior only in stage 2 courtship, when the bull 
was approaching the cow from the rear. It was occasionally
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followed by a naso-genital test. On three occasions, the low 

stretch was followed by an unsuccessful mount. A bull moose 

in the low stretch is not driving a cow (Lent 1974; pers. 

obs.), as is true for elk (Cervus elephus, Struhsaker 1967, 

extended head) and reindeer and caribou (Rangifer taurandus, 

Espmark 1964; pers. obs.). Instead, the low stretch appears 
to give the approach added significance, perhaps communicat

ing that the approaching bull is in stage 2 courtship.

Chinning

In chinning, a bull rubs the underside of his muzzle 
over the rump, forequarters, or hindquarters of the cow. 

Chinning may be seen in the stage 1 or stage 2 courtship, but 
it appears to be associated primarily with stage 2 courtship.

Chinning has been described for other artiodactyls, and 

it has been suggested that chinning is derived from a domin

ance display, a relic of neck fighting (Geist 1966b; Walther 
1977). Lent (1974) suggests that chinning is derived from 
intention movements to mount. Chinning did precede most un

successful mounts (5 of 6); thus, chinning in moose appears 

to communicate that the bull intends to mount, although this 
does not necessarily exclude the possibility of derivation 
from a dominance display.

Lateral Approach

The lateral approach consists of the bull and cow walk
ing parallel a few meters apart, with the bull occasionally 
crossing in front of the cow and then continuing on the other 
side. During the course of the lateral approach, the bull
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may use the swaying gait or, for a short time, the low 

stretch (Lent 1974; pers. obs.). The two animals may inter

rupt the lateral approach for a short period of browsing.

For the prime bulls, this was the first time in over a month 

and a half I had observed them browsing. In all instances 

of the lateral approach observed, the moose moved into a 
thick stand of vegetation, and were at least temporarily 

lost to view. On the two occasions I was able to relocate 

the moose in the thick vegetation, I observed a successful 

mounting. However, because unsuccessful mountings without 

the lateral approach were also observed, I do not know if 
the lateral approach is required for coitus.

Summary, Stage Two Courtship

Stage two courtship occurs when a cow has indicated 

that she is, to some degree, receptive. There are many be

haviors involved, and it is difficult to put them into per
spective. It appears that stage 2 courtship begins with the 

low stretch and chinning, and ends just prior to coitus with 

the lateral approach. Stringham (1974) suggests that the 
posture a cow assumes when she is ready for coitus is the 

same as when she is soliciting a calf to nurse. I do not 

know if this is the case; however, I did not observe this 
posture prior to any observed unsuccessful mounts.

Because of the large number of behaviors and the small 
number of observations, it was not possible to statistically 
analyze stage 2 courtship. However, with the exception of 

tongue flicking, a non-prime bull was only observed to use



stage 2 courtship behaviors 5 times, compared to 33 times 

for prime bulls.

Discussion of Courtship

Markgren (1969, 1974b) suggests that a tending bond 

lasting for several days is necessary for mating. Lent 

(1974), however, disagrees, and I agree with Lent. I ob
served two cases of a bull taking over an aggregation of 

estrous cows from another bull and apparently mating with 
one of the cows within 36 hours. While I cannot confirm the 

mating, I believe that it occurred because the cow was now 

browsing about 60 m from the aggregation and because the bull 
that had been actively and continuously courting the cow with 
stage 2 courtship behavior was now ignoring her. Late in the 

first estrous peak, I also observed a cow, which had probably 

not yet mated, leave one bull and go with another.
If tending bonds are indeed not formed, this raises the 

question of why bulls spend so much time with unreceptive cows 
that may not come into estrous for a long time (Parker 1974b). 

One possible explanation is that moose populations are usually 

at fairly low densities so that the probability of finding a 

greater number of cows is low. Thus, only when there are many, 

relatively large cow aggregations would it be to the advantage 
of a dominant bull to leave an unreceptive cow in an attempt 

to find a receptive cow.
Finally, it is interesting to note that with the exception 

of tongue flicking and browsing, if browsing does have sig
nificance in courtship, all the stage 2 courtship behaviors are
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related to dominance displays. This suggests that the cows 

are selecting bulls that exhibit the syndrome of behaviors 
indicative of dominance, which would include large antlers. 
Behaviors such as tongue flicking may then be signals putting 
the dominance behaviors into the context of courtship. This 

hypothesis needs more research, as does the whole problem of 

female selectivity and preferences in general.
Copulations

There were six observations, all in thick vegetation, of 
mountings that appeared to be successful; this belief is based 

on the longer duration of these mounts compared to known unsuc
cessful mounts. Of the six, four were by class 6 bulls and 2 

by class 5 bulls.
There were nine cases of cows that had apparently mated 

with a known bull. In each case, the cow had moved away from 
the cow aggregation, and the bull, which had been actively 
courting the cow with stage 2 courtship, was now ignoring her. 

In two cases, the previously observed swelling in the vulvar 
region had decreased. Of these matings, six involved class 6 

bulls and three class 5 bulls.
In addition, there was an aggregation of 17 cows that 

associated with the same class 6 bull during and after the 

entire first estrous peak. The only other bull observed with 
the aggregation was a class 2 bull which was with the aggrega
tion for one day. Unfortunately, the aggregation was too far 
away to allow daily or detailed observations; thus, I cannot 

confirm that the bull mated with all 17 cows.
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In addition, of the six observed unsuccessful mountings, 

only one was by a smaller bull, and that was in the pre-rut 

period. There was no other evidence of any class 4 or smaller 

bull mating. This further supports the conclusion that the 
class 5 and 6 bulls were involved in all or the vast majority 

of the matings.



Moose, with the exception of the subspecies A.a. 

cameloides, have palmicorn antlers characterized by extensive 
palmation between the tines (Bubenik 1974). Bubenik (1974) 

suggests that although palmicorn antlers may be clumsy, in

efficient weapons, they are very efficient visual display 
organs because of their large surface area. My own observa
tions agree with Bubenik1s.

The palmicorn antlers, because of their large size, 

large light-reflecting surface area, frontal orientation, 

and whitish color, which contrasts markedly with the back

ground vegetation, are visible over long distances (Bubenik 
1974; pers. obs.). On one occasion, I was able to spot the
antlers of a bull bedded down in the open approximately 1 km

away, and I was regularly able to spot the antlers of a mov
ing prime bull up to 2 km away.

The frontal orientation of the antlers and the curvature 

of the palms allows for efficient display of rack size over 

long distances. In the process of measuring antler image size 
from photographs, I observed that the design of the antlers 

is such that an observer standing in front of a bull can get

a good approximation of the total rack spread from as wide a
deviation as 45 degrees from the line perpendicular to the 
axis of the beams. This suggests that the palmicorn antlers

evolved to display their overall size over a wide range of

Antler Design
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viewing angles.
In evaluating my photographs, I also noticed that bulls, 

even when alone, frequently carry their heads in such a 

position that the main axis of the palms is nearly perpen

dicular to the ground. This also increases the visibility 
of the antler and fully displays the size.

Finally, the palmicorn antlers have a wide variety in 

form that allows for easy recognition of individuals. In one 

case, a bull's antlers were unusual enough to be recognized 

by the naked eye from approximately 400 m away. These dif
ferences in form are important because they allow the in

dividual recognition necessary for maintenance of dominant- 
subordinate relationships.

These observations, in conjunction with those of 

Bubenik (1974), support the hypothesis that palmicorn antlers 

are efficient visual social organs. This is further supported 

by many observations of two bulls of the same antler-size 

class moving into an area and one of the bulls moving out of 

the area, even though the bulls never came closer to each other 
than 35 m, and by many observations of a bull changing the 

direction of his movement to avoid a larger bull as far away 
as 400 meters. This suggests that the avoiding bull was able 
to recognize either the dominant bull as an individual, or 
the high probability of an unfavorable outcome of a dominance 
interaction.

Finally, Bubenik (1974) also suggests that the split 
palmicorn antlers of the Nearctic subspecies of moose is ad-
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vanced over the full palmicorn type of the Eurasian sub

species (A.a.alces) because splitting the brow tine off 
from the trez tine increases the antler's efficiency as 

weapons by protecting the face and muzzle. My own observa

tions of sparring indicate that the force vectors are con

centrated along the antler beams; thus, the splitting of 
the brow and trez tines is more efficient because it puts 

more antler surface area along the apparent lines of the 

force vectors. In addition, the brow tines emerge from the 

beam at such an angle that, in the normal head position, 

not all of the brow palm adds to the visual size of the 
antler. This suggests that splitting the brow and trez 

tines represents a small compromise in antler visual ef

ficiency in favor of weapon efficiency.



DISCUSSION

The results of this study strongly support the hypothe

sis that moose antlers are social organs. The most frequent

ly used bull threat display is the antler threat. Antler 

size is positively correlated with the rate of addressing 

threats, the frequency of associations with cow aggregations, 
and the overall participation in the rut. All of the ob

served copulations were by class 5 or 6 bulls. The rate of 

addressing threats was highest when the interacting animals 

were of the same antler-size class. The design of the antlers 
maximizes their visual efficiency, especially long-distance 
visibility. The preceding results support the hypothesis that 

moose antlers are visual social organs. However, there is 

still the question of why only moose among extant cervids have 

evolved frontally oriented palmicorn antlers.

There are two key factors of moose biology that must be 
considered when discussing the evolution of moose rutting 
behavior: 1) the primary habitat of moose is the transient, 

fire-maintained shrub communities of the boreal forest (Peter

son 1955; Geist 1971a,b, 1974a,b; Peek 1974a; LeResche et a l . 
1974), and, 2) during the winter, moose must catabolize stored 
fat in order to meet their daily energy requirements (Gasaway 
and Coady 1974) .

The sub-climax shrub communities of the boreal forest
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support large populations of moose, while the climax boreal 

forest and riparian willow communities form permanent refugia 
supporting smaller, less dense populations of moose (Peterson 

1955; Geist 1971a,b, 1974a,b; LeResche et al. 1974). In 
large parts of the interior of Alaska, including much of Mt. 

McKinley National Park, the upland-shrub community, which 

supports large populations of moose, is a climax community 
(LeResche et al. 1974). However, since the nutritive quality 
of many of the preferred browse species in these communities 
decreases significantly with age (Oldmeyer 1974), fires are 

still important in improving habitat quality. Thus, fire- 

maintained habitat is important to Alaskan moose (LeResche 

et al. 1974). The end result of this use of transient, fire- 

maintained communities is a considerable fluctuation in the 

size and quality of usable habitat.

Geist (1971a, 1974a) discusses the effects of the use 

of transient habitats on the evolution of moose reproductive 

potential. He suggests that those cows which give birth to 
twins (which is unusual for large-bodied ungulates) when the 

nutritive quality of forage is high will be selected because 

they will be able to obtain the necessary food resources to 

produce two healthy calves. These cows increase their repro
ductive output and are better able to fill newly created 
habitat with their own offspring (Geist 1974a). Only those 

cows in areas of poorer habitat, as in permanent refugia, 
should concentrate the energy available for reproduction into 
only one calf because they may not be able to obtain the
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necessary energy from the available forage to bring to term 

or to nurse two healthy calves. Thus, moose have a high re

productive potential, although the realized output varies 
with habitat quality (Markgren 1969; Geist 1971a, 1974a,b; 
Simkin 1974) .

Geist also argues that reliance on transient, fire- 

maintained habitats selects for the dispersal of juveniles 

away from the natal range, because these animals are able 

to find and exploit newly created habitats (Geist 1974b, 

hypothesis 6). In addition, dispersing juveniles avoid 
competing with their mothers for forage on the natal range. 

This selection for yearling dispersal, as well as the sea

sonal variations in environmental quality and the large- 

scale patchiness of the habitat, selects against strong 

sociality in moose (Houston 1974; Geist 1977). The end 
result is that adult moose are basically individualistic, 

with individuals using traditional and overlapping home 

ranges and forming loose aggregations only in areas of suit
able habitat (Houston 1974; Peek et al. 1974).

The fact that moose cannot meet daily winter energy 

requirements and therefore must catabolize fat can be a 

major factor in the costs the current rut can have on future 

reproduction. Gasaway and Coady (1974) studied the general 
energy requirements of moose throughout the year, and showed 
that the average daily winter requirements cannot be met by 
the intake of metabolizable energy. Moose must, therefore, 

catabolize significant quantities of fat, as well as some
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proteins, to survive the winter. The amount of fat required 

varies with the length and severity of the winter and with 

the availability of winter forage. Fat is deposited during 

summer and early fall (Gasaway and Coady 1974); therefore, 

because the rut occurs during the early fall, the animals 

must budget their time between rut and browsing. This is 

an important point because cows were regularly observed 

browsing, and the prime bulls, except in courtship, were not 

observed to browse. Thus, cows and non-prime bulls were 
presumably depositing fat, or at least minimizing their fat 

losses during the rut, while the prime bulls were not. In 
general, a bull that commits too much of his energy and time 

to the rut may deplete too much of his fat reserves (Gasaway 

and Coady 1974). Such a bull may have a greatly decreased 

probability of surviving the winter and, therefore, will be 
reducing his future reproductive output, i.e., increasing the 
costs to future reproduction. This hypothesis, however, 

needs much more research.

I believe that these three factors (the use of transient 
fire-created habitats selecting for a high reproductive 
potential with a variable realized output, the individual

istic social system, and the requirement for fat to survive 

the winter) are basic elements of moose biology. While any 

one or more of these factors are important in the biology of 
all cervids, a survey of the available literature on cervid 
rutting behavior indicates that only in moose are all three 
factors important to such a large extent (Espmark 1964, 1974;
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Geist 1966a, 1971a, 1974a,b; deVos et al. 1967; Struhsaker 

1967; Schaller 1967; Topinski 1974; Kucera 1978; Schaller and 

Horaero 1978; Clutton-Brock et al. 1979). Using this model 

as a basis, I have developed an hypothesis on why moose 

evolved palmicorn antlers.

Evolution of Palmicorn Antlers

All the evidence presented, both behavioral and 

morphological, suggests that moose antlers have evolved to 
function as efficient visual social organs and releasers.
This is, however, a general trend in cervids (Bubenik 1966, 

1968; Geist 1966b, 1971b, 1977; Barrette 1977). The ques

tion, then, is: why do only moose have frontally oriented

palmicorn antlers?

Bubenik (1974) proposed that palmicorn antlers evolved 

as the ancestral moose, which already had relatively advanced 

antlers, moved into the relatively more open habitat of the 
taiga and increased in body size. He argues that, in general, 

the shape and size of antlers are limited by the need to be 

able to penetrate thick head-high vegetation while in flight,
i.e., "flight form". By moving into more open habitats, these 

limitations were largely removed from moose antlers, allowing 
the evolution of palmicorn antlers because they were more ef

fective social organs. I believe that what Bubenik proposes 
is necessary but not sufficient to explain the evolution of 
moose palmicorn antlers. Instead, because of, 1) the poten
tially large effect the current rut can have on the future re-
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productive potential of the bulls; and, 2) the individual

istic social system which forces moose to range over large 

areas in search of potential mates, and prevents bulls from 

forming a classical dominance hierarchy; I propose that 

moose palmicorn antlers evolved because they are more ef
ficient long-distance social organs than cervicorn antlers.
As such, palmicorn antlers allow moose to communicate and 

interact over large distances, saving time and energy for 

the moose. Bull moose frequently initiate and terminate in

teractions over large distances, up to 400 meters. This is 
especially true for interactions between bulls of different 
size classes. Early determination of the probable outcome 

of dominance interactions greatly limits the number of times 

a larger bull engages a smaller bull in unnecessary agonistic 

interactions, saving time and energy for both animals. This 

is especially important for a dominant bull and the one or 
two satellite bulls with a large cow group. Since the domin

ant bull can easily limit the satellite bull's access to the 

cows when necessary, it can represent a large energy savings 

for the dominant bull to avoid unnecessary agonistic inter
actions. This explains many observations of prime bulls 
ignoring smaller satellite bulls which were courting cows, 
but quickly threatening any other prime bull.

In addition to communicating to bulls the probable out

come of interactions, palmicorn antlers, because of their 
variability in morphology, allow recognition of individuals. 
Individual recognition is important in maintaining dominant-



subordinate relationships (Archer 1976), especially between 

bulls of the same antler-size class that cannot rely on 
antler size differences as an obvious cue (Bubenik 1974).

Work on red deer (Cervus elephus) has indicated that antlers 

are used as cues in individual recognition (Biitzler 1974) . 

During the course of the rut, prime bulls meet at different 

times in different locations, but it appears that dominance- 
subordinance is established at the first meeting, and is 
then recognized and maintained at all subsequent meetings. 

Thus, the visually efficient palmicorn antlers allow ranging 

bulls to recognize individuals over large distances, reducing 

the time and effort spent on unnecessary agonistic inter

actions .
Because this hypothesis deals with the evolution of 

palmicorn antlers, it must also be shown that the fossil evi

dence is supportive. Unfortunately, the fossil evidence, es

pecially concerning the early history of moose, is scanty. 
There is, however, general agreement that palmicorn antlers 

must have evolved early in the history of the tribe Alcini 
(Peterson 1955; Vereshchagin 1964; Kurten 1968; Bubenik 1974. 

The evidence from central Siberia, the presumed area of 
origin (Peterson 1955; Vereshchagin 1964; Kurten 1968;
Bubenik 1974), suggests that the Alcini in general, and the 
genus Alces specifically evolved in open, boggy coniferous 
habitats of Pleistocene Siberia (Vereshchagin 1964).

Bubenik (1974) presents morphological and ontogenetic eve- 

dence that suggests that the earliest Alces (the hypothetical
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9enuS Eoalces) lived in more restricted habitats and had 

cervicorn antlers. The extinct genera Libralaces and 

Cervalces (the only two genera besides Alces generally con

ceded to be in Alcini) and Alces evolved as Eoalces moved 

into open habitats. Bubenik (1974) also presents evidence 

suggesting that the size, form, and age of growth of the 

first set of palmicorn antlers of moose should correlate 

with the degree of openness of the habitat, defined by the 

amount of restrictive head-high vegetation. Thus, the 
fossil evidence indicates that moose palmicorn antlers 

evolved in open habitats and that the palmicorn antlers of 

modern moose in Alaska are adapted to relatively open 
habitats.

A criticism of this hypothesis is that because it is 
primarily based on the behavior of one population of moose 

living in relatively open habitat, it may not be generally 

applicable. The fossil evidence presented above argues for 

the generality of the hypothesis; however, information con
cerning the use of antlers by rutting bulls in different 

populations and different habitats is also needed. In this 
study, the immediate areas within the rutting habitat where 

moose were frequently observed were not open, e.g., stands 

of white spruce and tall willow in the gravel-bar washes. 
However, many of the bull-bull interactions occurred in the 
large open areas between the thick stands of vegetation.
The literature on habitat use indicates that what was seen in 
this study may be occurring elsewhere (Berg et al. 1974;



87

Krefting 1974; LeResche et al. 1974; Peek 1974b; Peek et al. 

1974; Joyal et al. 1978), but more specific information on 

habitat use during the rut and on the use of antlers over 

distance is needed.

In summary, the hypothesis that palmicorn antlers 
evolved as long-distance social organs is based primarily 

on the results of this study and the ideas and work of 

Bubenik (1974). This hypothesis differs from Bubenik's in 

emphasizing the ability of palmicorn antlers to communicate 
over long distances as the primary factor in their evolution. 

The antler's efficiency as a short-distance social organ is 

considered an important but secondary factor. New 

paleontological evidence and comparisons of antler use by 

other open habitat cervids can further test this hypothesis, 

but the primary test of this hypothesis will be studies on 
the behavior of and use of antlers by bulls in different 
habitats.
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