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ABSTRACT

The sexual hehavicr and social organization of the muskox

(Ovibos moschatus wardi Zimmerman) were studied on Nunivax Island,

Alaska, in fall 1972 and summcr and fall 1973.

Observation effort was concentratad on a single harem group for
two months, during the height of courtship activity. Movements and
fluctuations in the structure of this group are documented. There
was no significant change in mean herd size as a result of the rut,
suggesting the existence of a basic social unit independent of the
influence of harem bulls. Harem bulls were in the 6-10 year age
class. They exerted a stabilizing influence on the harem but did not
direct its movements.

The rut extended from early July to mid-Cctober. Ccpulation
occurred on September 4 and 5. General patterns cf cexual and
agonistic behavior ave described. Changes in activity patterns as a
result of the rut are shown. Bulls displaved more marked changes than
cows or juveailes. The propertion of time allocated to sexual and
agonistic behavior increased at the expense of maintenance activity as

the rut pregressed.

iv




ACKNOWLEDGMENTS

This work was supported by U. £. Fish and Wildiife Service funds
administered by the Alaska Cocperative Wildlife Research Unit,
University of Alaska. A nuwber of persons took parc in the production

of this manuscript and I wish to thank thew here. My adviser, Ir.

i

Peter C. Lent, pavticipated in the plenning of the field work and
offered valuvatle suggesticone for gathering the data and in the prepar-

ation of this wanuscripi. Dr. Calvin J. Lensink, minager cf the

peoe

Nunivak National Wildiife Refuge, provided logistic support and housing
while I was in transit to and from the study area. Later, he took

time from his busy schedule io read the thesis and act as a member of

my committee. Dr. R. Dale Guthrie read the thasis and «ffered bhelpful
suggestions for its improvement. Fred DeCicco and Wick Sinnolt

provided ficld assistance and cheerful companicnship in spite of the
sometimes difficult climatic conditions we 2ucountered. Richard Tavis
brought us to the south side of the 1Islard ana worried about us through-
our our stay on Nunivak. Claudia Smith provid«d a great deal of help
with the analysis of data and the ezarly stages of thesis preparation.
Pen and iank drawings were kindly done by Cilady Carieton. Don Borchert
drafted the figures. Rita Hunteyr and Jane Mcary tyvped the manuscript and
helped compensate tfor my limited understanding of the rules of written

.

English.

-

Most of all, I would like to thank Dr. John I.Johnson, one of

v




vi

suidance and confidence in me

(&3

the finest men I have ever met, for his
b

as T was entering the field cf animal behavior.




joe

TASBLE OF
Chapter

INTRODUCTION . + « « « ¢ ¢ & o o &
THE STUDY AREA . . « + « o « ¢ « o
THE STUDY POYULATION « o ¢ o v ¢ o &

METHODS © «v v ¢ o o v o o v o s o

Classification of Muskouxen by Sex~Ags

Identification of individual Ani

Marking Efforts . . . « « « « .
Observation Technigues. . . . .

Data Recording . . . « . .

Muskox Tesponse to Observers. .
RESULTS., « & ¢ v o v ¢« o o o o o « &
Sexual Behavier of Malea., . . .

Behavior Patterns . . . . .

Orientation Toward a Cow,

The Approach. . . . . .
Positioning . . . . . .
Head Twist . . . . . .
Sniffing of Rear. . . .

The Tlehmen., . . e e

[
[
o
=
L4}
[od
pu
=
ok
£

faed
.
.
.
.
A
.
»

Chin-vescting. . . « . .

vii

CONTENTS

!

Vet
L]

38

33

39

39

45

50

51

53




Table of Contents, continued.
Chapter Page
MOUNEING + ¢ 4 v v o v & & o o o o« s o o o « « « = « . 54
Vocallzations. © v ¢« ¢ v 4 v 4 4 4« 4 e s 4 v e s +« e « . o 55
Sexual Behavier Directed toward Juveniles, . . . . . . . . 56
Sexual Behavior Dirccted toward Other Maies., . . . . . . . 56

Sexial Behavior of Females o « v « v v v .« . B Y

(W)
~J

Response to Courtship by the Male., . . & o & + ¢ + ¢ « « .

(%4 ]
-~

SuUbmission « v v v i vt e e e e e e e e e e e e e e
Avoldance. . . . . v o 0 0 0 s 0 e s e e e e e e e e . BT
Aggression .« v v 4 e e v 4 e ¢ 4 s e s e« 4« « « . . 58
Behavior PatternNS. v « ¢ « ¢« o o« s o o « « o« « o + o« o« « « 59
Alert Posture. . . & + v v ¢« o « s o « o « o « & + « . 59
Positioning. . o + v 4 4 v ¢« 4 4 4 4 4 4 4 4w e s . . 59
Face-rubbing . . . . . ¢ ¢ . L . . 0 v d e h e e .. . 60
Body~vubbing « « o v v v v 0 0 0 s e e e e e e e . . 80
Manifestation of Estrus in Females . . . . ¢« « « « + . . . 60

61

Copulation . . . . . . . . .

-
-
.
.
-
.
.
.
-
.
.
-
.
.
.
.
.

Changes 1in Activiiy Patterns as 2 Kesult of the Rut. . . . . . 65
Group Dynamins o . v L . 4 v v b b i h d e i s e e e e e v .. 10
Strucrure of Harems, . . . . . . 4 . h h e v e e e e .. . 10
Harem SIze o 0 0 0 v v v i b e h e e e e e e e e e e e . D
Age of the Harem Bull .+ . . 0 o v . . ¢ L v v v s e e v . 75
Fluctuaticns in Harem 3ize .« . v v v ¢ v v o v o« o v o o« « 77

Factors Inf{luencing Havem Stability, . « . .« + « « « « . 79




Table of Contents, continued.
Chapter
MOVements « 4 v v 6 v 4 s e b a e e e e e e e e e e
Leadership. . « ¢ ¢ o v v v v v v v v e e e e e e e e
Movenents of Lone Bulls in Relaiion e
Social Hierarchies. . . o v ¢ ¢ o « « v v« o o ¢ « o
Agonistic Behavior. « . v v v « ¢ e 4 i s v e e e e e e e s

Threat DEsSPlays o « & v ¢ v v v e 0 s e s e e e e e e

.
-
.
’
a
.
-
.
.
.
-
.
.
.

The Ciash . . . . « . . . .
Physical Damage to Bulls from Combat. . . . .« « v o . .

Physical Adaptations to Combat. . . .

.
.

.

»
»
.
.
.
.

Reaction cf Cows and Juveniles to Couwbar. . . . . . . .
Aggression by Bulls toward Cows, Sub-adults, and Calves
Agpression by Cows. . « + v v v v 4 v e e s ele v e e
Agonistic Behavior within Bull Sroups o« o . & o o . .
Scent Marking. . . .+ . ¢ . . i 4 0 v e e e e e e
Play Behavior and the Cntogeny of Sexual and
Agonistic Behavior., . « + v & v 4 ¢ 4 0 e e e e e
FINAL DISCUSSION AND CONCLUSIONS L . v v v v v v e o s v v o o
The Functional Significance of Courtship. . . . . . . . . .
Implications of the Harem Scocial System . . . + « « « « .+ &
The Harem as Terrltory, o v o v ¢ 4 6 v o o s o » o o s o =
Sexual Selection arnd the Harem Ball o . . .« & o o o o+ &

The Roic of Lone Bulls. o v v v v v 6 v o« v o o s o o o

LITERATURE CITED o v v v o v v o v 0 v o s v ¢ o o = o v o o s

ix

92

94

94

160

i04

105

107

111

115

115

119

121

126

129




LIST OF TABLES

Table

1.

Adult males and calves as percent of total populatiocn and

percent males among adults for selected muskox populations.

Estimated calves per adult cow . . . . « . . + « « . . .
Characteristics of various sex--age classes in muskoxen .
Average size of wmixed-sex herds, pre-rut and rut. . . . .
Relative ages of bulls observed during the vut, July 17
to October 4, 1973 . « & v v v v v i e v e e e e e e e
Croup couposition and dynamics during rut of 1973 . . . .

Age classes of animals engaging in playv. . . « « . . . .

Page

72

76




List of Figures, continued.

Figure

21.
22.
23.

24,

25.
26.
27.
28.

29.

37.
38.
39.
40.

41.

Harem bull and cow in perpendicular position . . . . .

Bull performing h
Bull nesing
Bull making
of yearling femal
Bull c¢hin resting
The rush . . . .
Copulaticn . . .
Seascnal changes
Seasonal changes

Seasonal changes

Seasonal changes

Distribution of herd size data poiants

Harem size fluctu
Movements of
Movements of
of m

Distribution

15-16, 1971, U.S.

ead-twist a

Tlehnen after nosing

€ ¢ ¢« . e

- . . . . .

in activity
in activity
in activity
in activity

ations . .

uskoxen observed during the

F.W.S.

1

ne

budgets
budgets
budgets

buadgets

primary harem group and

Survey. . .

Three-year-old cow in alcrt posture.

dult cow gland-v

ubbing

)

e
among,

among

among

among

circles cow . « + . .
anc-genital rvegion of vearling femaie., . .

ano-genital reglon

« ot e e e s
e e e e s
e ¢ e e e
e e e e e e
adult bulls

adult cows.
vearlings .

calvyes ., .,

associated lcne bulls

N »

. . -

against driftwood.

Class 8 bull gland-vubbing against foreleg

Class 8 bull hormn

Harem bull and challenger poriorming parollel walk disp

ing the ground. . .

two harems cbserved in August of 1969 . .

Septerber

w
o

19,1
]




xid

List of Figures, continuved.
Figure Page
42. Bulls backing after a clush performing head-swing . . . . . . 99
43. The clash at Impact « ¢ ¢ v v v v v 4 & « s & o« o « o o o « - 99
44, Sagittal section of the skull of a mavure bull. . . . . . . . 106
45. Comparison of first and sécond cervical vertebrae

of mature mnale and female . . . . . . . . . . . . ¢ . . . . . 106
46. TFrequency of sexual and agonistic patterns performed

in social play . v v v« v v e e e e e e e e e e e e e e s oW 114




LIST OF

Figure

Frontispiece « . « . .« + « 4 o .+

1.

10.

11.

12.

13.

14.

15.

Map of Nunivak Island showing
were conducted.

Calf . . . « . v ¢
Yearling wale. . . . + . . .
Yearling female. . . . . .
Yearling male . . « . . . . .
Yearling fewale . . . . . . .
Two-year—old male . . . . . .
Two-year-old female . . . . .
Two-year-old male . . . . . .
Two-year—old female . . . . .
Three-yezr-old male . . . . .
Three-year-old female . . . .
Three~year-old male
Three-vear-o0ld female
Four-year-old nale .
Four-year-11us female.

Adult bull . . . . . .

FIGURLS

areas where observations

. « e e .
.
. e e e .
. . . .
. . »
. . ¢ e s e .
. e . .« .
¢« ¢ e . « e s e
P . . . .«
. s . « e e .
. « . « ¢+ e
e . e . .
. .« . e e e & .
R »
« e e » v . .
. L . .
¢ s s e e 3 s t e s e s

Distribution of ohservation time over a 24-hour day .

Distribution of chaservation =ime over the summer.

Variations in positioning ., .
t

xiv

Page

i

15

19

20

21

22

22

23

24

25

26

27

31

32

42




INTRODUCTTON

For sexually reproducing animals the behavioral selection process
preceding the physical esxchuange of genetic materials at fertilization
is one of the most powerful forces in evolution. Mate selection, which
is a major funciien c¢f courtchip behavior, was the mechanism postulated

Q

by Darwin (1871; ia Th: Descent of Man and Selection in Relation to Sex

Als

to explain the existence of the more extreme secondary sexuval charac—
teristics. Countiess examples are avallable in naiture of the brcad
range of morphologic and behavioral adaptatioas which evolution has
produced solely to facilitate the process of fertilization. The fact
that many of these traits seemed to run counter to the general pattern
of natural selecticn by being detrimental for the survivel ci the indi-
vidual vprompted Darwin to propose a special theory to deszl with sexual
selection. As Darwin pointed out, when examining the evelutionary

pressures which have led to the development nf a spocics il is essential

laed
i

to consider the forces arising from within the grevs itself as well as
those imposced by the phvsical envivonment.

Living in groups modifies and, in some respects, complicates the

[

problem of determining wivich male will mate wirh which female.
Gregarious animals have developed correspondingly romplex social
behavior %o cope with this problem. Tor specics such as the muskox,
which have evolved polygoamous breeding systems, determining which males

will breed has extremely strony implicacvions for gene f[requencies

-
i




[ov]

within the popularion and the long-term evelutlon of the spnecies.

The work reported in ti:is thesis was part of an overall study of
the behavior and ecology of the white-faced muskox (Qvibos moschutus
wardi Zimmermsn) on Nunivak Island, Alaska. The major objectives of
thiis porticn of the study were to gain aan understanding of the breeding
hehavior and social dynamics of the species which te this point have
been very poorly understocd. Tn order to mecet thess objectives, I
sought to obsorve the behavior of free-living animals as they went

through a complete cycle of -rourtship activity and to document the

changes in relationships whicih occurred.




THE STUDY ARFA

The Wunivak Island hsbitat presents a set of environmental
conditions which are somewhat atypical of muskox range in other parts
of the world. Tener (1965) states that this species is normally asso-
ciated with an environment which has been termed a cold desert. The
high arctic has very little precipitation, light snowfall and wida
seasonal flucruation in awbient temperature. Nunivak, in contrast,
has a maritime climate with more abundan: rain and snowfall and a
temperature regime which is moderated by the influence of the Bering
Sea.

The islend is treeless, although willows up to eight feet hirh
are found on a few restricted sites along stream beds. The dominant
vegetation consists of zrasses, sedges, and low shrubs. During the
summer one is struck by the superabundance and Jusnness of the forage
available to muskoxen. However, in winter most of this vegetation is

locked under deep snow and ice. During the winter animals are restricted

o]

to the coastal dunes and escarpments where winds expose vegetation to
grazing. The usable winter range constitutes only 1% of the total
area of the island (Lent 1974). This situation leads to a dense
concentration of muskoxen during the winter followed by wide dispersal
in the spring. Bos (1967) has presented a detailed description of the

plant communities, geology, and physical featurcs of Nunlvak Island,

3




and the reader is referred to this source for further information.

The island comprises an arca of about 1700 square miles or
4403 km?. The dimencsiens are 130 km in length by 87 km in width.

It is located 30 km off the mainland between 166°0C'W and 168°30'W
longitude and latitudes 59°4%'N and 60°30'N. The viilage of Mekoryuk
on the northeastern end, with a population of 300, is the only permanent
settlement.

The terrain is relatively flat with widely sepavated, low roliing
hills. This factor plus the shortness of the vegetation permitted an
observer to sight muskoxen at long range, particularly wha2n he was
located on a vantage point.

There are no phvsical barriers to muskox movements on Nunivak
though much of the interior of the island is marshy and consequently
receives little use.

The majority of behavioral obszarvaticus were made on tha western

end cf the island (Figure 1).




Mekoryuk

NUNIVAK

ISLAND

O 4 8 16 20 Miles
l:.l._l—l.d

(M Area Covered on Foot
E=3 Areos of intensive Study
° Camp Locations

Figure 1. Map of Nunivak Island showing areas where observations

were conducted.




THE STUDY POPULATLON

The history of nuskoxe:. on Nunivalk began with the relea@e cf two
bulls and two cows in the summer of 1835, All animals came from a group
of 34 captured in East Greenland in 1931. Adter the first four muskoxen
survived the winter in apparent gcod health the decision was made o
transfetv the remaining 27 animals to Nunivak in the summer of 1236. The
introduction was successiul and auskezen guickly dispersed frem the

elease site to ccciny all parts of the island.
(1967), Spencer and Lensiank (1970) and Leunt (1974) have compiled

the available data documenting the rapid zrowth of the population

following introduction. Muskox numbers reached a peak level of 7350
o I3
animals in 1968 folicwad by a shzrp decline during the spring of 1589,

After this major die-off the population continued tc decline and reached
its lowest recent level in the spring cf 1973 at 483.

During the period of the present study tihe population was estimated
at 532 (summer cf 1973) and appeared to be incrzasing.

Productivity of the Nunivak herd is among the highest recordad for
the species. Tabla 1 summarizes existing data for colves as a percentage
of the total populsation. Aside from a somewhat quesiiouable observation
by Urguhart (1973) the data frem Nunivak and Devon i:lands (Hubert 1974)
show the largest proportion of calves vet reporved. Urg hart's {1973).
record 15 so unusuvally high that, if correct, it must reflect a

0




e 1. Aduit males and calwvesg &0 pa2 5f teral popularicn sud percent males among adults for sei-cted muskox populations.

7 aduic oo among J «dult 0o awoug % adult oo among % caivaes
% acult Qo a?glc» including 8dulc; including adults including of tozal
f rotal pop. A+ 4 yrs.r 3+ 3 yrs.+ 2 yrs.+ population N Source

_Foath o furvey

Nantvak 1965 Juty 204 47.0 ———— 45.4 19.3 486  Refuge Rpt.
Nunirak 19567 July ———— ———— ——— ——— 18.4 651  Refuge Rpt.
Sata vik 1963 Aumust 211 58.2 ——- 45.8 14.0 673  Refuge Rpt.

10970 ~arly Jaly 37.5 61.7 ——— 50.9 10.0 593 Refuge Rpt.
51.3 75.2 — 68.9 13.0 49 Refuge Rpt.

Nunivah

Muad vak 1972 ApTil £4.3 63.9 —— 58.3 —— 483  Refuge Rpt.

cifvik 1675 8.8 2.0 —— 52.1 e 530  Refuge Rpt.
1473 5.1 35. 51.45 46.1 9.4 211 This study
1652 251 4d, ——— —_— 12.5 i52 Tener, 1965

5

7

2 — —— 1.7 51  Teaer, 1963
195 Summer 36,0 50.8 —— ——— 5.6 36 Tener, 1965

1

2

1679 Cipamer wli 60.: ——— —— 0 158 tiray, 1973
1371 Surmex 55.2 55. —— ——— 0 232 Gray, 1973
annks isi. 1971 Sepiember - - ——-- - 31.9 426 Urguhare, 197:
tle wsl. 19772 - m— —_—— - ——— 10.5 466 Miller ot ~1..
novon Tel, 1870 Anst ) us. g ——— 52.2 ———— 15.8 95 Hubert, 1974
poven el 167, iy A ——— 54,4 —_—— 17.3 154 Haberts, 1874
[N 1973 June 22.7 - 40.3 ————— 19.1 130 Hubert, 1974
pewon 1l 1571 July 33.6 —— 43.3 ———— 17.2 116 Hubert, 19/4
Pevog Iel. 1972 May 17,8 ———— 44.6 -—— 19.1 251  Hubert, 1974
Devan Tsl. 1973 bprit 29,4 _—— 47.5% —— ———— 153 Hubert, 1974
e von 197 Yay 23.1 ———= 42.5 -—— 18.7 268  Hubert, 1974
Devor 15 L. 1675 Augast 3.7 — 417 -— 19.9 287  Hubert, 1974




population with a relatively large number of females. Unfortunately,
no composition data is available to determine this.

In any case, a much more meaningful way of lookiag at productivity
is to consider the number of calves relative to the number of repro-
ductive age cows. Table 2 shows comparable data from the literature
and the present study. Looking at the data in this way it can be zeen

rhat calving rates on Nunivak are much bigher chan anyshere else., Tnis

high rate of calf production can most probably be attributed to high
levels of nutrition. Utermchle {in Leat 1974) has measured stauding
crep biomass on certain portions of Nunivak winter habitat, and lound

it to be significantly greater than on at least one other area of muskox

kg/m” to 3.34 kg/mz. Th

0]

range. Valuves he reported range from 2.32
areas he sawpled had bteen sublected to winter zgrazirg by muskoxen.
Hubert (1974) cellecte? similar data on Deveon island and found values

. . 2 . 2 . s -
ranging from 0.176 kg/m~ to 0.921 kg/m” on grazed winter range and {rom

2 . 2
0.275 kg/m™ to 0.94% kg/m" on vegetation protacted hy enclosures.

Unfortunately tlhere aie no comparable guancitative data from
other locations to determine how representative Huberti's data are of
the total Canadian musvox range. Nevertheless, it is generally known that
primary productivity in the high arctic is quite low.

That nutrition affects fecundity has been well documented in the
literature on a wide range of ungulates. Factors widich are primarily
responsible for the high renroductive rate of the Nunivak populaticn are
that females frequentlyv produce calves in successive years and breed

at tvo vears of age. 1t is generally assumed fov high arctic populations




Table 2. Estimated caives per adult cow.

Calves per iemale Calv r
Location Year Month of Survey 3 yrs + 4 vrs + Source

Thelon Game Sunctuary 1932 Suvmmer ————— J. 31 Tener 1965
Foshelw Peninsulia 1951 Juns= S 0.29 H "
Lere Hazen 1958 Summey ——— 0.17 " "
Devon Isl. 1270  Augus: 0.%6 —— Hurert 1974
evon 1sl, 1371 May 0,52 e " "
Lovon sl 1971 Ture 0.57 e e v "
Davon fzl. 1971 July 0Lad —- " "
Devon Isl. 1572 May 0.52 e " "
Devon Isl. 1973 May 0.50 ——— " "
Dewon Isl. 1973 August 0.6¢ e " "
Nunivak 1555 July-August 06.83 —— Bos 1967
Nueivak 1966 Jure-July-August 0.€5 ——— oo
Nunivak 19562 July .50 G.67 Retfuge Report
Nunivok 1070 July 0.27 0.39 " "
" "

Nunivek 1971 Sevtember D.03 0.385

Nunivak 1973 Junz-Jualy 2.97 0.3% This study




10

that cows norually calve in alternate years {Teuer 1965, Freeman 1970).
Tn addition Tener {(1965) rewcrts that cows ir ~he nigh arctiec do not
give birth vniil ot least four vears c¢f age.

Thomson and Aitken (1952) have shown that poor notrition does ast
delay the attainmoent of puberty in domestic sheep Lur that low levels of
nutvition may alcer feriility of ewes ip their First est.vs. Ale.dal
(1971a) documentzd ihe earliest ages of calvis
vears of age) in wild muskoren. These clservations are fven 1 emall,
introduced herd in the Dovre wountaing of Worway. He attwibertad thid
early sexual merurity to the abundauce of forase end the corviy oasat

of the growing seass:. FEoth of these factors aro proLably responsible

for the relatively

5 of fem=les on lunivak. There 3Is
evidence that few three-vear-old cows produce siable calves during years
with wiusually harsh winter conditlions {Lent 1374). This iz in kecoping

vith the findings preserted above.

Although calves were seeon to aurse during the rut they graszed exten-
sively. The shiort duration and invreguency ¢f nureing bouts indlcate

2 diaet in late summer.

F
o
joy
¢
r,
,..
.
7]

thet miik waz a minor conocnent o
Where feorags was of low guality, however, cslves might rvequire larger
amounts of milk o supplement their intale of plant marerial. Thus

insufficient [orave mipght ner ouly tend to deplote the cow's condition

directly but would neressitate higher wilk production and enforce a

-

longer period of dependeuncy in her cal

Baker (1944} hasz shown that wheop demestic cows are in poor




condition, nursing
This would provide

aiternate years.

tends to imhibit the facidence of pregnancies.

AJ

v mechanism which could gzive rise to calving in

"

11




METHODS

The buliz of data presented here was collacted in the field from
June 5 to Octrber 4, 1975, Two weeks were aisc spent on Nunivik in
the fall of 197Z, from August 24 t~ Sertewber &, 1972. Addi.icnal

informaticn was gathered from observations of captive wusloxen at the

Institute ¢f Northewin Agriculitural Research farm at Coliege, dlaslka
(& [S2 ] M

during the breeding seszons of 1972 and 1873,

Classifi

#iion of Muskoxen by Sex-Acc Tlasses

Whenever muskoxen came under obsevvation, an attempt was made Lo
clessify animais according to sex and ag
to aszipn individuals to ten distinct classes as fullows: colves,
male yearlings, female vearlings, aale two-vear-oids, fern:

olds, three vear wmales, three vear females, four veay plus ferales,

four year males, and five year plus males. Table 3 nd figures 2-17

show the definitive characteristics of these categurics.

Bulls cider than 4 years wers assigned a rvanx aumber from one to
ter according tc their cstimated ages. Indicators uch as the size of
the space botween the horn bases, woathering of Lo oo boss and
gencrel conditios of

1 bull would te apnrorimately 5 vears old. A class ten bull would be

among the cldest encountered.

the horns were used to detzraine age. Thus a class
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Table 3. Characteristics of various sex-age classes in muskoxen.

1. Celves: No evidence of horns; pelage short cuzly; prominent white
wed vV ar ’ ’

pat<h on forehead; sexes caannot he diffcrentiated except

by urinaticon steance (Figare 23,
2. Yearlines: Sliphtly larzer; straight guard nairs nov covering legs;
el lllies & ) & s 3 3 ¢ 'k

3

short horans extending out and forward; large whitz patch
on forehead. (2) Males: horus thiicker, wore cocical

(Fipures 3 and 5); (b)) Females: heruys Ilatromed do

3. Year-0lds: DBody size of yearings and 2-year-olds cvavlaps;

rotund configuration; lews partly covered by guard hairs;

foruard (Figeres 7 and %); (b)Y Temales:

siightly and wpevrving, thin (Figares 8 and L38).

4. 3Z-Year-Clds: (a) Male: Body larger than fevcle, smalier (han mature

tull: horas heavy, deprosszd and upcuvwing; horn base

-

enlargad; swmell forchezad patch; upper legs covered by

guard nafvs {(Figures 11 ond 13}, (b) Femalew: body similar

to mature cow; born depression aimest maximum; prominent

[

forehead natzh; wper lers cevered by guard haivz {Figures

12 and 14).

5. 4-Year-01d Yaleeg: Nearly maximun bedy size; hern snape and tip to

tip spreoad almost maxinum; horn hose enlarged: gap between

horr bases; forcvhead parch reduced (Figure 15).
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Figure 2.

Calf.
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Figure 3.

Figure 4.

Yearling male.

Yearling female.
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Yearling male.

5

Figure



Figure 6.

Yearling female.

18




Figure 7.

Figure 8.

Two-year-old male.

Two-year—-old female.
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Figure 9. Two-year-old male.



Figure 10.

Two-year-old female.
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Figure 11. Three-year-old male.

Figure 12. Three-year-old female.
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Figure 13. Three-year-old male.



Figure 1l4.
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Three-year-old female.
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Figure

15.

Four-year-plus male.
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Figure 16.

Four-year-plus

T
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female.
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Figure 17. Adult bull.
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1ividual

re.

ve reoogpnize sex and cge classes

In addivion to

bl
jal
)
o3
o
Prie
-
e

ish dififcrent groups and Lo

was coneidered escential to

individuals within a group for detailed analysic of social interdtious.

refused permission by the Alaska Department of

¥ish znd Game to capiure and wavi

identifly groups and dudividusic wilh some

e CIoone or pole

tified by cosposition and the vrsz
animals. hen repeated conthceh wes malvtained with & group ovev &
fength of tima, this metl

Tndividuals within a herd were assigred ¢n identificacion numbar
whenever there was more chan one wmember o

- s e L oerm e
group. Individual recognition was ofven porsible using variations

f
o

: 3 Te an ) - vy 1,5
in characterisrics s ora ghsse. Undaswoul sheddang

patrerns provided an for recngaition of cartaiu indi~

viduazls. The wool clings to the guard hairs on (b neck zud shanlders

in lavge sheets as it is shed.

]

™.
Facial

could alzo pe used €0 sepavate andividual

hern tips or damaged besses which provided an additional means o

identiiication. WwWhen o fairiv small

proup was obsorved

of several davs, it

tficulty.

[

with ldittle 4d




Marking Efforts

In order tc decumant rhe movewments of lone bulls, a more pesitive
3
identification systewm was required because these individuals w.re seen
infrequently. Several mothods were experimented with for appliyine wvater
¥l <
soiuble fabric dye. Sinply placiag the dry powder in a plastis bag with
a small quantity of water and throwiug it at the animal proved most

.1

successful. ‘The dye subsequ

D

entty spread and was highly visible,
particularly irn the 2ight hair va the back of the neck and huwp. Five

bulls were mar

Chsewvation Technigques

All observarions were conducted ou the ground in close proximity to

4]

the study animals. Vhenever animzls came under chservation, 1 attemvied

to keep an uninteryruptoed recerd of activicies for as long as possibis.

o~

tdity, I made an effort to relocate a given herd on

To maintain contin

P

subsequent davs. This proved to be quite svecessiuvl once harem formation
began and daily novements bocawme moure restrinscod. One groun was

repeatedly obscrved over u period of nearly twe months at cthe latter

part of the study perviod.

P

Continuous chservatricn was maintained for as long az 14 hours by
changing cbasrvars. It was varcly practical for one cbserver to remain
vith the avimals Yov wore thoan 8 houis at a time due to exposure to
harsh weather conditione and the need to spend scveral hoeurs walking

from canp to the locatiorn of the herd. The zecoend observer was kept

inforwed of the movemeats of the group being obsevved by using citizens'
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band "walkie-talkie' radios. Switching of ohservers was always done

so0 as to mininize disturbance to the animals, uvsuvally during a period
when all animzls were resting.

The toval time of systematic uvhservation was 208 houre., TFigures
) g

18 and 19 show how this time was distributed both seasonally and

By walking along ridges and hill tops cach morning, it was usually

possibla to {ind the herd within a few miles of their location on the

previous dav. However, when weather ov other facters causcd a long

T
e+
o
~
"L)
2
¢
0
o

delay between coniacts, it sometimes becawme very difficul

a group.

Data Recording

When observing & group I reccrded the activities of all iadividual

Time was noted at thirvty-ceccnd intervals. Tae durstion of cerrain
behaviors was wmeasuvred with u scopwatch. T kept a running account of
the actions as they occurred, either by
by dictation ints a MNorelco pocket tape recorder.

Categorics were developed to cover the behavicral remertoire

of the muskox. A symbol was assizned to each behavioral categery and

entered into the fisid notes whepevery that behavior was noted. The

notes were thon transfarced to edge cuach cards (D-% Sort Systems Ltd.)

and the cards were punched with the appropriate code. This system
allowed me te extruct all observations of any particular class of

behnwior., Informarion on the sex-ape class of interactants in social




Hours of Observation

Figure 18.
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cncounters was also entered or the cards, which permitted furthey
selectiviry in sorting data.

Whenever an animal was out of view or obscrvations were stopred
for any other reason, this was noted and the toisl timz of observation
for that animal was reduced accordingly.

Still ana cin

@

photoprevny wae usad extansively to document

behavicral sequances and for subseynent ifdentificariven «d aging of

]

animals. Iov

[N

¢ fooisge was pa

in suppiemenging
written descrlpticns of behaviow. Drawings were done frowm hoth

photographs 21d movie [rames.

Mn&kox _Response 10 Chaerv:

Muskoxen ace act paviiculeriy difiicult to approaci. The animals
were most easily aluarwed by sceing an vpright humaa
When observiung animils g site was chosen which oifered compiete 2onceanl
went if possibie or at leact reduced the apparent size of the observer.
Muskoxen avpear to have fairly acute evesight aund were especially sweare
of movement along the skyvline.

Althcugh tho suoeoies sce nol to be styonugly orienced toward

olfaction as a means of devecting cnomies, a cowbination of bLeth visual

and olfsctory stimuli was weuelly enough to disturb the groun and alter

-+
o)
2,
hat
C‘

behavior. When the wind was unfavorable, the animais weuld
frequimtly look rovard wy posicion which made it vary difficult tor me
to wove undetectad. Where ithe terrsin offered little conceaimeat, one

or more animais sometri

beoume aware of the c¢hserver's proesence.  The
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herd's response to this sitvation varied. If the first animal were a
calf or a yeavling, adults genervaily igrorad bin and hie quickly lost
intcrest. I, hewever, I was observed by arn adult, the entire herd
would soon be louking in my dirvection. By remoining motioniess while
3

attention was focused on me cor preferably, dropping completely cut

of sight, I soon became less remarkable and the group retuvncd to their

1)

norimal activitioe

.

The observcry to subject distance vaa gencraliy 20 to 1C0

1]
rn
)
I

regular ohservatiocns. ‘Though it was vsually possible to approach te
as clese as 5 or less, extended observation at tuls distance wag not
possible and soch close proximiny was unduly hagouewing
and observer.

it was amnliy demcostrated throughent the stady vericd that musk

do habituate tn the presence oi humansg. ©ven aster an axcended peried

of contact on cona particolar day, they teuded to be nucsh rove trlerant
of movement ard it boceme locs important to vemain fully concealed.  The

one group that was followed for aearly two months accepted hvman




RESULIS

The Rut

The rut of a species has been def:
"ehe veviodicolly vecurriug sexuni arcusal of that species. Fraser
(1969:86) compares the commennemeut of the rat to a "drawatic puberty.”
However, as axtrvene as the behe
arc, levels of sexuald ectivic

possible to establlsh raigid

. e
rur tac considersd

in muskexen. For the purposcs of this paper, the

to begin with she first observatrions of couvtship patilerna end the

formation of harem greoups and end with the decline in sexual actiwicy

Henival this

4

and the subsecuent brescup of the harem structurc. G0

period extended from early July to mid-Octcher,

Sevual Behavior of Males

E ey s on o N ety . e e 3 - e b T - 21 -~ 4 ~
In this socclies courtsh P Interaciinnd are mSLGly the J0miInLon

ancocyine cyeles of fewsles may uvltimately

=y
-
e
el
[

of

determing The rimdng of {usemivation, the wmale ia
driving force in the long seguonce 0¥ gvents precading coculation, His
relationshipy to cow groups go2s from exrreme apathy ow even averslion
during the pre-rat period to unflagging almos! coustant courtship

[

aztivity at the height of the wut.

35




During the pre-rut pexriod bulls four years and clder were nore
frequently scen as lone individuals ov in pairs thoo 23 members of
B i

0f the pre-rur herds, 38 percent included no mature

mixed sex herds
bulls while only 11 perceni weve without bulls durieg the vut. Data
for 1265 and 1966 deriwved from Bos (19€7: shows & similar trend with
figures of 20 und 6 percent respectively,

Harem ferwmatioa bugon early in July. On July '7, the first biil-
cow intevactions were scen. Those were rot strictly courtship patterns

acticns in which the bull

,.“
LAI-
=3

9

but could mcre zccurarely be termed he
contrelled dispersal from the herd and pegan vn assert his influcuce
on group stabiidity. Although the bull's bzhavior was simiiar co that
showni later in sexual aaraunces, the cows invariably reacted Ly running
toward the groun, spparently interpreting th
By late July courisiidp patterns weve beirg ssen regujariv, Bul
approached females as bhefove to iniilate courtabiip acri
this time the cow: were more likely to stanrd for vhe >ull's attencion.
Now that cows were remaining stacicnary, the bull was able to pe:form
more elaborate courtship sequences. The fact that only proliminsry
patterns were shown a2t this ctage of the rut is Interesting becsuse it
was my impressicn that the cow vould have peirmitreod acunting even though

jvmp awavy from the

s
]
}. -

«
4]
v
I
el
e
o0

3

e’

she wers wot in estrus. Cows were rarvr
bul® 2y is the case iv many othevr species. Geist (1971) reports that
in mountain shesp the anestrous ewe attempts 1o interrupt ceourtship and

rid herself of the rom. Pe also {found that, like uuskoxen, mature rams

rarvely attempted o mount an ancescrous ewa. Walther (19268) and Krimer
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(19649) saw similar wmale behavior in gecelles and chameis.

in the last weeks before cows cawe into estrus, tne bull was
active in almost continual testing of potential hreeding females and
even directed sexual interest toward vearlings and calives. The peak

of rutting sctivity for one herd occurred duving trhe first week of

September scmewhat later thon has been reported by previous authers
(Jencen 1904, Manniche 1910, Pederson 1931, Teunor 1654, 1465). At this
time, over a period of a few davs several copulations presumably with
inseminatior were seen. FEstrug in the six cows of that havem was

very closely synchronized but since calving may occer anywhere from

early Arril te laote Junme this could act he true Foc the entire population.
Intra-group syvchrorization of estrus has been reperted for o uumber ol
ocher species (Fraser 1968),

Orce cows had been mated the level of sexual activity shown by
the bull deciined zapidly. here is some difficulty in quanti<iiue thie
change in that 2 Iew days after cepulsticas were cbzerved the harem bhull
wae replaced by another and veduction in courtship activity may be mercly
a reflecction of individual differences in bulls. There are measurabl
differences in the Libidinal levels of males of orher species (horse:

Hafez et al. 196%c; domestic cattle: Hafez et al. 156Sb; shoeep, Hafeuz

harem bLull did ceen to he less active

[
v
fo
s

first bull also begun to veduce
his level of seuwusl activity I considered it to be a general trend.

7t would nypothetically be advantageous for the bull to remain with

the harem even though all females had come into cstrus and been mated,
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so Jong as his crergy expenditure was npol teo high, since there remains

the pessibllivy that a cow mizght not have conceived and would therclore
enter a second estrus. Thus, tosviag should be expectzd Lo continue

at a low level for sow: tinme asd indesed this was tha case., Ovidence

of the practicality of this strategy was secn on

nevhorn calf was observed. Exvrapolating back,
rhe length of the gestation pericd (Alendal 1271}, results in an

estiwvated ceneeption date early ia Octeober.

Behavior FPa

Behavior patteras involved in courcchiip by bull wuskoxen have been
described by Gray {(1973). However, since he observed very ilictle sexual

activity in hie study populaticon wmost of the desariplic

cn few chservations. Thersfore, a wmore Jdetailed acoenunt of chbsevved
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courtship patte

Although ¢
behavicr, the follewing ten components were nost irvezuenily displavad

n heterosexual interaction and are therefore termed couvrishiy

[N
T
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X
ot
ot
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)
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1. Oridentation to

Before a bull upproached a cew he shifted his orientation to face

~

et in an aley: posture with his head up and feet fival

y planted. Tais
posturs was gseen ian other contexts, such as an agpressive orientation
toward auwother bull or tcward a human. The stave was directed with such

fixity that the object of the hull's attention was wsually quire apparent

te the human observer.
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2. ’Jhe spproach

As the bLull moved from the orvientation stance he dropped his head
g0 that the muzzie was held lew with the face perpenaicular to the

ced toward the cow with slow, delicarzte steps, swinging

—
“
o
ot
[s]

ground. e

o aide as he moved but keepirng his attention firmly

N

the head from ¢ide
focused on ber. The pattern was identical in both sewual and aponistic

+ion on

advances, the most dmportent component bHeing hic Lixed
the objeci cf his anyrcach.

Cray (1973:144) staras that he was unable to determiuve that an
approach was in pregress ciutil the bull bsd made contact with the cow.
During the present study I found that I cowld ususily santicipate an

apprcach when tihwe bull assuwed the orienicatioun stance. The direction-

4]

ality of the tull's stare gave an indication as to which cow was to b

approachad. Her reaction to the approach further confirmed my pradictiou.

Whenever a cow szw the bull ordentlng teuard her ane becawe agltated and
stopped feeding. As he moved toward her in the head-low apprearh she
became increasingly agitatcd and often ran to neet hip, thereby —ewoving
the threatening frental aspect of thie buil from her sight as quickir as

f she wverce rvesting she zuowed her appyehension by moving

+-4

ble.

|,...

poss:
her head, wiggling the ears and sowetimes rising to her feet,

T

As the bull moves iunte contacr with the cow, the pair toke up one
of a number 9f srereotyped orientations in relationship to one another.

The bull and cow vemain together for extended perieds this way ian close

proximity, usually with a great deal of bedy contazt. The amount of
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contact in a particular posivicn rarged from full Yength to none at all

I

where the position was held with 2 slight senscation between the animals.

Although

el

tioning, all

,-
o
ev]
@]
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‘here is a great deal of wvariability
are vaoriations of four basic pattermns.
Bull-behind. The bull usually took up this posicion after
approaching a cow from the rear. Most commonly tha bull stood
behind the cow with his body axis in line with hers. Yis head
could either be in contact with bher rump or some distance bebing

her. mitially he remained in the head-~low posture with his

<

kern bosses slighcely below the level of her anc-genital region.
¥rom here he could raise the n=2ad to noze the wvilva or peviorm
any number of other ccurtship rechnigques. Frequently the buls
stood behind the cow for scme time, maintaining a coastant space
between them. As sne moved zhead short distances, he waited

for her to atep, then moved to nis original positior. Sowmetiras

»

the bull moved up to stand wiih bhis body axis oifset f{vom her
resting the inside horn against her flank,

Parallel and Owpesite. In this position, the cow and bull

stood tegether with the axes paralle ut raverse head crien-—

tation. Usually, they kept full lateral contact but sometimes

'f.‘

{

remained a shert distance apart. Frequently the bull stimulcted

the cow to wove shead by butnlevg with uis nose, hooking with a
horn oi performing a Laufschliap zpainst her body. As she moved

by him, he turned with her, suiffing the wulva as she passed.

Para'lcl, Body axes were again parallel but head orientaticn
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was in the same divection. Yew courtship patiewns vere per-

- .

formed {rom tnis position.
Perpendicalar. This position was most varia
censtant chazacteris

forming anirmals weve perpendicular.

N

9]

was that the bedy aze

1le.

]

of the

Figure 20 is a svywbolic representation of the perwutations o

.

The

Fed ~

table on the basis of the direction of approach, the

1 ol

1 verns ouserved in cou “t*nﬂ muslioxen.

The only

{ these

often moved intc several diffsvent oriermteiions auring o

single courtship bout., The cow usually remuined
or moved cnly short distances when changing pos

roving around the cow the bull often maintaine

contact brushing against her with some force.

sta

aticnary

leaned toward the bull to coupteract this progsura
behavior pattern wuich I have descyited here {or nushonen

resembles an abbreviated tending bend or Hilien (Schleath 1961). wid

has been

repocted for a number of gregarious unguiates

4

cccurs in domestis cattle {Schlocth 1961}, raribou [{Lent 1963), bis

(McHugh
species

competit

1958,

competing males are cver-present, a dowinanl male mas

vicinity

another

t

Lottt 1974) and mountain sheep (Geist 1971). I

the vtendiag bond prebably developed as a regponse to
ion between malas for the favers of estrouus fezmales,

romaiy

In these
heavy
Since

in th

+-~ V1) p or-

arn;

e

of the feaule as long as she iz receptive In ord r to prevent

hull frowm fmpregnoting her.  Because of the h

aron system, ©

ull



Bull Behind

358 Observations

Parallel
and Opposite
266 Observations
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Parallel Perpendicular
182 Observations | 372 Observations
15% 32 %
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Figure 20. Variations in positioning.




muslkoxen do not have to deal with constant cowpetition for females.
Thevefoare, 1f the tending bond is functionz2l tinere must be another
explanation for its existence., A very importsnt result of this behavior
may be to help suppress the fzmale's irherent fTear of the bull's approach
and to prepare her for the intense fear-producing act of mounting and
copulation. Crezarious animals must deal withh two con leCtlnyld*J ‘es

in their expression cf lierd bhebavier: the drive to assceiate with

se contzet (Estes
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tance {(Hediger 1961) vichin whizh an animal is highly vulpevable to

ritual devalops to tewmpovarily

vermit access by the male uwitlhin the forale's personal perimeter. Cow

nuskoxea are very much domivated by bulls and ave visibly un=asv when

approached by one. In this zpccias a direcc hzad-low approach 1s 3
hign-level threai. The malie's hehavior 1a a sexual approach waes indis-

tinguichable Ivon a thresr dirccted towasd another bull or towewrd 2

humsn observer. Tositioning removes this frightenine {roncal aspact of
the Lull rvom the cow's sieht. She runs to him rather than awvav, thereby
removiag the fripght etiwclus sz guickly as possible.  The cow seemed

to favor the pavallel snd opposite crieutation which is the antithesis
cf the head o head threat.

In addition to the vemoval of

asioicning
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v

places the bull within the dndividual distance of o cow and forces
her to accept body contact and related porenninily {rj;zpenjnw movement s

vitieh arce a necessavy port of courtship. As intone . we courtcship




Figure 21.

Harem bull and cow in perpendicular position.
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Figure 22.

Bull performing head-twist as he circles the cow.




proceeds for scveral weeks prior ro matipg there is plenty of tine

for the cow to habitvate Lo the close approach of the bull. This would
tend to reduce the probability that she will run frow him at the
critical momeant.

Schloeth (1961) has suggested that "guarding' in :?ttla‘is derived
from the nursing orientation of the caif. This byporhesis ulso would
seem to Lo a reasonsdle explanation for the orizgia of positiocning in
el and opposite posture sud the perpepdicular
pesiticen with the bull’s hiead against the cow's flank are very sivilar

to nursing stances. the bull was {regueontly seen o vutt the cow's

fiank or inguinal

nls nose fyoi these peaitions much as
the calf butts while nursing. Mimicry of juveniie patterns by the bail
may eerve to reduce the cow's apprehencion of

iwitating a non-fear-producing situction, i.c., the approach of a calf.

Cray (1972) alsc noted the similzricy betwesp corc

1

courtship btenavinor and cow-calf rvelationships

4. Head tv

Gray (1973)

i this pattern. It wes displaved by
the bull vhen in close coutoct with the -2eow. Most covmonly 1t was done

as the bull circled but could be ereculed from a stzijonary position
cr during the last parv of an apprnach. In this dispiay the buail

started {vom the bhead-low posture haf vocated the hezd toward thoe cow

bringing the muzzle into contact with her bodv. Hi.

exapoerated as he moved arecund hor in the positicn {Figuce 2
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pattern streongly resembles the head tilt seen in agonistic displays
but the orientation is toward the yeceiver rather then away. In addition

the head-tdilt Is primarily a visual display but the head-twist is

performed too close to the cow for it to have wuch visual significance.

A -C)f

5. S$niffin

| &)

Olfactory inwvestigatlion of the ano-genital vegicn by the wale lg
& <

ety

a common component of the courtsihipy ritual of most mammals. In muskoxen

the bull generalily suiffs the cow's vulva soon niver the approach oad

again several times during z ceurtship beut. The bull 1ilte haz nuns
to the level of the anc-genital regicn eithewn from bebind or frow the
side (Figure 23). Often the bull butrs or horns the cow, forcing ner
to move ahead from the parallel aund oppositu »noszition so vhat b2 can

inspect the perineut az she parsses.

In cther ungelates ihe ale licks She perinezl zrea auring che

goat: Gelst 1964; and elk: Strunhsaker 1$67;. Because tha guavrd haivrs
on the female's vump nsually obscured the bull's muzzle it was not
pessible to devevmine whorthew licking occurred, olthouph bhulls sometinmes
periormed tongue flicking movements after backing awzay from the cow.
Clfactory inspeccion of the vulva is presumably oue of the methods
the tull uses v detervine the cstrous stiate of the cow. The ssportance
of olfactery clues was shown by Lirdeay (1965) whoe comparced the hehavior

of normal and arnesmirs sheep. Those which bad their olfactory reception

erperiventally improired courted estraus snd anestrous cwes with equal




Figure 23.

Figure 24.

Bull nosing ano-genital region of yearling female.

Bull making Flehmen after
yearling female.

nosing ano-genital region of

47



frequency. Normal rams were able to discriminate in faver of estrous
females.

Although the mechanism by which a male detects estrus in a female
is poorly wnderstood, the presence of the broakdown products of repro-
ductive horrnones in the urine of estrous females mav be one clue

. s

(Fraser 196 Since it is poor strategy Tor the Lull to attempt to

o
x
.

copulate with unrecontive cows, the abiiity to accurately dotermine
I3 >

the endocrine balance in her body beforc trying to mount would be

highly advantagcous.

6. The Flehimen

e mosT male ungulates, peviorm Ylebmen in resncuse

7‘..

BPull muskexen, ii
to certaln olfactory stimuii (Figure 24). Upon rvecelving the rele
ogor, perticularly from the fresh uvine of a fewale, the male gres inte
a suiff steveotyplc posture with his head raicced anad the wuzzle ex-
tended. The wouth Zs partially copen and the unper 1ip everted. 1f
the bull wmoves at all while =zzaught up in the FPlchmen it is only a2 few
short steps. His total attention appears to te concentrated on the
performance cf the lipcurl and the stimulus which praoduced ic.

¥lehmen was displayed wost frequently folicwing ano-genital in-
epection of i now but was also secn after the bull nesed the ground
divectly ochind her. To is 1ikely that in these cases he was reacting
to the odor of urine or feces on the ground.

Mountain shecp (Ceist 1971) and domestic shoew (Grubb and Jewell

1973) a3 well a2 wany eother fenale wngulates, uriaate upon being
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approached by the wmsle. Cefst (1371) has ecugrestsd that by urinating
for the ram the cwe rveduces the amouat of harvassmeut she masi anc
since she is able to escape from him while he dis iwsosilized iu the
clfactony response.  Cow mactoxen alsoe urinate while boing courted by
the boell aitheogh the froguency of this response could no t be accurate ly
deteruiped becausxt of the long guard tailrs on the cow's runp. Judging
by the stance i the cow during ano~gevitveal inspactlon ir would zppear

ithe bull

that they urinaza ror rtha Leil rather often.

is a8 fTurther indicaticn thar this was the case., In anv event. ithe cow

rareiv nace u3o of per opporviunity to escape the tull even thoagh Le
was Incopabie of following hor ror an sveranz of 13 sec, th2 nean duration

of the Flenmen. Hevertheless Flohmen s+ti1l serves vo reduce ilhé

levels of harrassment divected toward the cow in that {t may allow a

male o move effectively evaluare her recept<vitv.. The Flehmen resnoneo

nasal olfactory epithelium (Pagg and Taudb 19703). TFstes (1974h) has

presented a convincing argument which sueogests that the Flzlinen serves
to introduce oders iato rfhe woperonagal orgar The maiocr function of
this organ, accouding to Dsres (13745 is the dececeion of phoromencs

in the wrine., Auy behavior which would verait the Lerll to wore
ceuvately ascertain the veprodentive gtatus of ¢he cow is advancageous
to both partrers in that it reduces unnecessary casrgy expenditure and

enhances the probabilivy that the tiuing of copulation will be correct.

If the hull 1dnics Lie courtship o to prelimiuary
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testing, then it is highly adaptive for the female to provide him with

clues to indicate her cong

itioni. Since slic can't rezlly elude him

A

he is determined to court her, she will receive minimal harrassment by

V]

standing and permivting him to fully assess her physiciogical stat

through olfaction.
&

7. Laufshlag

The svmbolic foreley kick or {noefschlag (Walrher 1958) cocurs

¥

very commonly in the muskex courtchip ritual. This kick is a geueral
13

7

ungulate pattera found in givafiids and most bovids {(Geist 1971
When execucing the Lkick the bull holds the foreleg sciff{ and
straight, swinging it forward in an =ve toward the receiver. The

anterior surface of the hoof and lower leg strike the starding

recipient on the side, flauk, hip, betw=ern the hiod legs or belly.

If the animsi is lying Jown the Laufechlag may bz directed at the

or shoulders. It may alsc be performed in the air withiout coatacting

the animal to which it is directed.

There are conflicting opinions as teo the derivation of this

[
[N

palieves

1

N

rituaiized bebavior pattern. Walther (1958, 1974

t to be

a relic of primicive wvngulate combat. A number of other copiniens have
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recenily Leen advanc

19743, notabhly as a mounting intenticn mowvement in the lechwe (Lent

‘/
w
N
o

1969). For muskoxen, Walther's (1958, hypothy

apnlicabtlie, The Laufschiag displaved by this specics does not bear

other spacies (Walther

stitl scens to be most

a styong resenblones to the neounting movement. In addition, the forceleg




kick appeared very regolarly with other aggressive cewmponents such as

nosc butting aad hooking with the horns when a bLull attempted to

compel & resting female to visc. Ton these Instances the Laufschlag was
more than symboilic. The force of the technique was such that I could
hear the impact of the bull's hoof against the cow's spine or pelvis

up to fifty m away. Several of these heavy blows were usuvally sufficient

to cause the cow to stand for genitsl inspectleon. Thus a foreley kick

appears in two contexts: as a ritualized, relic behavier pattern aund as
a viable forwm of intracpecific aggroession.

8. Chin
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Although this pattern is quit

cattle (Hafez =t al. 1%69b, Swanrey 1966) and in elk (Stxuhsaker 1667),

ter variatility in the behavior in mushkoxen than ixn

05

there is seemingly gre:

either cattle or eik., Chin-resting as T use it here is5 a 1lifting of the

bull's head to rest the lower jaw azavwhore on the cow's body (Tigure 25).
Chin-resting in catvle is apvarently limited to the placing of the bull's
chin on the cow's rump from behind., In muskoxen tae chin was placed on
the feraie's shoulder, hip or side as well as the rump and was performed

from the parallsl and epposite, perpendicular or hull-behind positioas.

The chin-rest is usueily aot held for an exteunded period. The bulil

s body and then
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siwply 1ifts hLis nurnzle to the dovsa
lovers 1t again.
Chin-resting has heen interpreted as a means of preparing the cow

buil's veight prior to mounting and 23 another means for



Figure 25.

Figure 26.

Bull chin resting.

The rush.
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the bull to dateriiine the cow’'s recept

cows avoid thz b1l Lut ecstious fewaley

force (Hafez et al. 1%65%h).
for the chin~reeting pattera
cxecution

in the

condlitions
wcital courtashin peried.

may have

9.

behind, in iine wositicn,

collided with

goma

15 v e e b ey T
A1S momentum ne

or was pushad by
the yump exerting pressure deypnward {Figu
clasp the cow with

the forelepgs.

Gray

an incemplete mount which was foilc

helieve it to
poszibly a

intenticn cof mounting,

mount. In many cases even though the cow

ity

This oxplanetion

TG

(1972

be a completely separate beha

stuod and strongly resisted

of the behavioer.

ot the cow

bteing carried forward the Lull did aeot mount.
togicel “ntermadiate step betwien goin~-restiog
cow 1s made to carvry nore of the buli's weipht.

o
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puesh back to

counteract his

izo ceews appropriate

The
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reason behavior patiern

1o moskonoev, even vhouch there are
cattle
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i by the cow's refusal to
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By lifting the forward part of the body oato lthe cow's rump the
bull brings the punis into contact with the cow's external genitulia.
The wount must subsegusntly be walntained long encugn bo permif iatro-
mission and ecjaculation. The mcunting attempt was usually begun with
the bull standing behind the cow, either divectly in line or slightly

head agoinst her rump before

N
o

off to the side. He oft:n rested

mounting or rewmained a short distance behiud her. e legan the nount

(‘J

by chavging forward, at the same time shifting his weight to the aind

legs and lifting bls chest onte her rump. In order te maintain his

rosition, he must clasp the forelegs in froat of the hip joints at the

"fix point" {(Haltnlds 1061). The bull moved his forelegs back and forth
1

in a running motion iu order teo pull bimself vp high enough to uale

the clasp. 7The mouvacing posture is with the head down, nose held

T

against rine cow's back (Figure 27) siu
On severzl cccasions Lulls wade unsuezessfol wcunting arcenpts £7om
the side, rising up ¢n the cow’s back ¢r cheulders before dropping
back down.
Pelvic thrusting was raeid and pecformed rhyibmically foir up to
ten sceconds. The forelegs were continucusiy in motion along the cow'
sides to maintain the positicn until ejaculation had occurred or the
rourt was iutervupred,
Tne ultimate goal of male courtship is to achirve a mount with
intremission and ejaculation. However, accomplisiving a successful mount

is apparcntly a vather difficult propositien for the muskox bull. Of
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48 mounting attempts the clasp was meintaiped oniy 16 times even though
the cow did not try to resist. Several physical facters would seem to
be responsibie for this difficulty. Yirst, there is a great differen-
tial dn weight between bull and cow. Furthermave, most of che weight
of the bull is concentyoted in the frount half of his body, which must be
supported by the cow. Many of the mounting atiempts were unsuscessful
simply Decause the cow was forced zhead under the bull
the anatomy of the bull wiuh his deep chest and short legs ig not well
suited to clasping. These conditions make 1t extrewely imporviant that

he buwll ds neoi raveicarly
capable of foreing nimsell tpon the cow and muast bave her conpeyation

in order to achieve in remission. Elidciving this cooperation is one

of the primary obieciives of ¢

Vocaiications

As the boil approached a cow he {regueantly mace a luw, drawa-out

roar. f she hod been vnaware of his appreach, this vocalizaticn

.

usually caused iav to netice it. The cniv other vocalization that T
could detect associated with ccourtship wis a chert expliosive svore
througl the nostrils which was done mostly at close range. This snort
almost always nreceded a vush, an attawpred wmount oy ony quick mevement

toward the cow such as the Laufschlayp, nose briting or hooking with

the horns.,




Sexual hehavior directed toward fuvenild

Bulls regalarly directed co of cecurtship hehavie

o, zpecificelly

toward animals which had not rcached normzl

calves and yearlings. Courtship of juveniles was usually iimited to

genital investigztion and preliminary courtship patterns. Mature bulls

juvenile and might have causcd injury to

[

were never scer Lo mount
the younger animal had they done so. VYearling femalcs were courred
fairly often but yearling males only rarely. 3Bulls seldem directed

courtshir toveard calves and nc sexual prefererce ceould be deterwined,

exual behavior divected toward cther ma les

Homosexnual behavior emong adult muskoxen 1s very rare. Unlike
sheep, which treat all subordinate animzle as females reguardiess of

gscx (Ceiet 19713, muskowen definitely discriminate hevween the sexes.
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arlivg maies weve sxcluded from harems theve vere
limited oppertunities foy homosexual behevior to occur. Two seguenies
werc observed in which a harem bull directed courtship putteras toward
a yearling wmale. Both of thesec vecurred at the peak of the rut when

courtship activiiy wae at 1ts

in duration and included only investigation of the anal regfon and posi-

tioning. Mo sexual interaction was Zeen hbelwoen buils in all-male

groups although olbservations of these groups were sowoewhat limited.
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Sexual

Response

el
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The role of the female in sexnal exchanpes 2@ rather limltea

onlv thing that is requivad in order for a successfnl cepulatiop to

1.

take piace is that she siand as the bull mounts. Thero are three
possible respouzes the female can melie to the sexcal advances ol the
bull. 7These arve:

1. Submission
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This is the rmest comnon course.  As
she ctands for him or rvuns to stand beside hiwm in the paraslied sznd
opposite position. She assumes & gubmissive posture with the head low
and hind feet placzd unusually far forward ard apact. Ay the dull

directs courtship patterrs toward her, she may mova in short series of
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three c¢r four gieps at a tiae
Often har movements are controlled by the bull who burte or horns her,
causiug her to move ahead.

2. Avoidunce

Unreceptive cows sometimes attempted to escape by rumnning or

walking sway from tae bull as he apprcached. This fscnse was most
frequently ceen in cases where the bull anpreached 2 cow which had

-

straved from rhe herd. As the bnll arproached from the direction of the
group, the cov ran or waltked in a wide circle avovnd him back to the
herd. When a cow sought to avoid the bull, she alvost always ran to join
the groupn. This strategy worked fairly well because the bull In movieg

after hev would often begin courting another female and <emporarily end

o



his pursuit Nonethelcs
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bull was practicel purroses

had to return t¢ the herd. IF the b
would evertually succeed in his effo

bull sometimes attempted

to miintain the

iwpous

sull persisted dn

rts. Co “ch

Wi oW

paraiiel and

pursuing her,

stoosd

avoidance of the

ince the cow always

he
for

the

opposite

orientation and thereby probibit the bull from zavestigation of the
vulva. This wan uwsually not conticwved very long before the bull reacted
aggresvively toward the cow and she cither permiited Lidm t¢ vese hew
ano-genital regiocn or wmoved away from him, When a cov was approachod

while restirg, she wight zttewpt to
her side and stodically accepting the

toward her.

3. Apgressic

Instances where cows chowed agg

rescion tow

bulis

were axtiemely

rare. The rersons for this zre c¢bvious when cne cons the size
differ enLla] berveen thie bull and cow and tlhie probable result of
unrestrained cembat. Female nmuckorsen do ol pose a gericus phvsical

k)

threat to the bull and in fact, would fare

respond to her aggression with 2

scen where a cow acted aggressively

e

these, the cow kicked with the hind
againzt her rear with his korn. Thi
female vented aggressicn on a

technique which had not been used by

was where a two-year-old cow met the

coundiorantack,

r.ale but she alsc

mech worse

Dridly

d a courting

tewar
toct at 2

S was unusual act

other muskoxen,

Lbull’

s appreach

bull afx

d..;P(l A (]p

Lo

4
~h

tw casss were

buil. 1In

¢rv he had pushed

only ia tpat a

ensive
12 other Instance

cad eon and cengaged
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bim in a pushing watchi, The boell quickly broke it off and proceecded

to court her in the normal fashion.

Behavior Tatterns

Female courtship patterns are rather limited relarive to those

displayed by the bull. The following ars descripe

\/

icns of these patterns:

1. Alert posture

This posture was assumed by bath bulls and cous when confronted

with a distant stimulus which wes perceived as potentielly dangercus.

1
¥
L

In the context of courtship the alert posturc was ta
to the orientation stare aznd subsequent approach vy the bull., The head

was up with the muzzie directoed toward the bull. The nostrils were

flared, and the hair on the hump appeared to be erected (Tigure 27).

diccussed in detsil in the sesticn on wale sesual
patterns. However, an additional coment on the {emale’s woveunent during

positioning is necessary here. Uhen the bull and cow had remaired sta-

¥

tionarv in one of the various positions for a time, the cow frequently

moved away from the bull in a series of three or four guick

steps and
then stepped. The bull then moved up to ner acd often performned one
of the more active courtshin pacicerns such as chin-resting, Lauischlag,
or rush. Ceist {1271} has stated that recepiive ewes run from a
satiated ram therchy stimulaning him to eapage in further courtship
activity. These svmbolic escape intention woveamsznls seem te produce

a similar responze in bull muskexen. This aspect of wuskox courtship



{g analogous to ''pursult type' courtship described for a numper of gpe-

~

cies by PFwer (1968).

3. Fagq

geveral instances were record ded wherce a cow rubbed bar face and
horns azainst the bull's face or the side of his head. Mountain shecp
rams frecuently hown the faces of deminant ramns (Cuist i571). The
funetion of face horning in sheep is apparently toc tropsiey 3eCTC

of the pre-orbital olands of one ram to the hoimns of anciher. Muskouen

s similar functicn in face~rubhing.
the face against fle buil's side or neck in a (wWisting motioa, possibly

ng pre-orbital gland sceowvefions oD his body.
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4, Body-ribp

Hiphly rec eniive cous semetimes rubbed thelr bodins agal
<

bull. This was deae either by v oushing the entire sice hack and forca

or by hacking agninst him and rathing uwich the vump.
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against his

Manifesta

gstrusg 10

Compered to maay other cagriates, female ruaskoyen show very little

L] LR

overt cxpression ol estrus oY faal . Whep in estlus, domestic catcie

srunt conspecifics regardless oo 64X and arz in turn ounted by Loth

caows and butls (latez et 2l 1966h) . Fenale hison ara crten so appressivy

in their courtship attempis Lhat rhey interfere with the ability of the

e
T
v

buli vo nount by coatinually avtespt

e

ine to mount him (MoHugh 1958).

Fstroeus mountain sheep alsoe cetively coure the male. Gelst (1971

“




reported observations of ewes attempting to clicit more active court-
ship from rams vhich verc siow tco respond.

Although cow muskoxen never displayed these leveis of aggressive-

5, they did show certain behavioral maui-

ness in courtsh

7

festations of estrus. AS cows approached eziruge they began to crient
toward the bull zné took a defivite interest in his aourtship cf other

cows Tn several cascs an estrux cow forced hersell between sncthor

cov moved to stand

[
I
W
v

cow and the bull. Instances wer: oise gzen

in front of the bull, then moves abeed ia the ghort jerky stess whldh
usually served to »rovoke 2 courtship bovr from him.  Face rubbing and
body rubbing were {urther refiections of the

COWS .
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Coitus in wiid muzkoxen hLrs heen witnessaed by few people and

.

superficial refercnce to these observations have been given in the
literacure. Tener (1954, 1965) reportedly saw thvee successiul matings

but he failed to record the dotails of these cccurrences. Alendal

(1971b) briefl~ wentiouned seeing » ccpalation hHetwesn a young bull and
a mature cow, once in the eveniug and again on the following day.

Apparently there 1s very iittie availai concerning copa-
latory behavior <ven {or doresiic animals. althougi there ave currently

large numbers in caprivity (Teal 193%, Wilkiuson 1971}, Gray (1973)
relates two perscnal communicaticss from persons who had observed coitus

in domestic muskescn tut unfortunstely, details are lacking.




During the present study I observved and photographed 16 copulations

T :

which took place on Septiwber 4 and 5. Pre-copulzatory courvebhip in

-

these bouts wus not very Adifferent from that which had been observed
in secuences which 413 net inciude copulatiocn.  “he ball continually
butted and nudged the cow zhead. She meved two to six ateps and each
time he followed. Then without any visible siznal he mounted, rising
up onte his hicd legn, placing his chest on the cov's rump. e kept
the forelegs ir constant metion eleong the cow's sides in an ctteowpt to

remain mounted.  The bull held his maszie firimly pressed against the

cow's withers for the duration of ¢he wount (Figuve Z7). Becauze of

1] . 2. g - et - . - H a7 .
the bulli's shaggy coat it wzs not persible to sec whether or not

intromission had been achicved. I zscumed thav iv had if

remained mounted for more lhen five seconds and nerfeorwmed paivic

thrusting. Turusting began as soon as the bull zchieved 2 scable weunt.
The average intexrval betwesn thrusts wazs slightly under one scoond.
Unfortunately it is nolb hoown whethze they were performed afsoer intro-

mission or were mevelyan effort to locate the vagina. Dewsbury (1272)

reports both types of thrusting pattarns. In species which use pelvic

thrzusting only to Llacate the opening of the vagina there is usaally a
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ejaculaticn. T savw no such finzl rhirest Zn muskounern copulations,
It is dnteresting to noe taar Flehmen was vot sa2en in any of the
courtship bouts where colcus occurred alrthough olfactory stimulus sheould

have been extremely powarful.

Before the mount, the cow stood in a submissive posture with the




Figure 27.

Copulation.
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head down and thie nuzzle pulled slightiy vack. The hind feeir were apart

[
T

and placed unusually far forward. Th war no lordusis response.  As

she was mounted the cow wns often forced ahesad under the bull's weight.
The bull walked 20 bis hind legs as she moved in crder to maintain
his pocition and contvinued to thrust,

After the bHull dismounied the cow remained eraticaary in the
submissive pesture for a time until his continued courtship caused her
to move.

Repeat wounts ccevrred in vapid suvccession. LEoch copulatory

rotio Fifteen winucees to 2 hali hour and included 5-6

g

gequence Iasted
apparently successiuvl services,  This numbor was rémarvably constaar
regardless of Lhe nuaber ol attewpted mouwadcs.  For example, the bull
(21, see Figure 33) attempred Lo monnc a mature oow 26 times in one
3¢-minvte sequence.  0Of theze 26 atrempis, § weve guccessful., A rwo-

1Y N = T 5 minsires By L
F1) was mounted only 7 times in 16 minucres by the

same bull hut again 5 of these were cowplaeted.

Coitus laz:iad from 5 te 12 seconds with a nmean of 7 and included

While the in 2 coital segquence with a pature cow

(F4) a vounger cew (I vv F2) attempted to iateroupt courtship and solicit

the bull's attention by pusning batween them. He ceniinaed his

courtship of tha Tirst cow bur moved tco the oihér whep It was complatad
and copulataed with her aleo. This was the most &active courtehip shown

by a female and ceoincided with her coming into estrus,



in Acrivity Parus

Figures 28 through 21 show

svier b

specific cotegorles of

the wonths of July, Auzust and S¢

rive

3
<

-~
<i

behaviors aire

to maintenance.  Scrxusl and agoni
ensirpy ewpenditures waict di

The fivst periad (Ju . ak
repracents behavior whizh was lau
ILooling at the data (Figures 28 ¢

@

cows and yrarlings all spent
engaged in waiatenance activities

somewuat less time to malnienance

1

1 nurse

to the fact that they stil
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s

e provorni

roken down by weekly time peviods over
prember., Mesting and congunphbory

n indication of the cueyvgy allocated

stic bheohaviors together choo relative
rectly attributable to reproduction.

crictly part of

than 8§07 percent ol thair tot

3

<

~
-

-

TR zlves allecated

Juriug that pew

sy

d

cizha

grazirvg time Lo weet theiy Iecd ragulramente. Iv suha

periods, activiiies asscciated with i{ne ven esccovnted fer 4 much lavger
propoertion of the total activity budzer of adalts. Thls was partioulariy
evident with regard to the huil, Rotring behavior occcupied nearvly 20 ro
55 wercont of his tiwe threoughost the last 7 perieds. In two of the

time period:-, the tine allottad to courtshin veluated belaisior exceeded

that of maintenance. Fros August

vise in the bull's vauttiung effsre
tevance tiwe. The incwease in ti

18 to September 7, there was a steady
and 2 correspouding decreasas in main-
we gliocation for ruttling dehavioer by

the bull i¢ due to increased agonistic behavier which was highest during
the Septenber 1 to 7 povied. This was the peviod when cows came into
ggerus and male competivion was west iatense. 1o theve saue three
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Figure 29. Seasonal changes in activity budgets among
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periods, the bull progrogsively increased the propors
resting. This was apparently related to the increasiang demoands imposed

Tlocation wa

]
n

by dnurespecific combat. The reducidlon in mainterance
accomplished by & great reluction in grazing tive. The substaantial
reductions in the buils® grazing and rumdlnacion time throughout the

rut can account for the weight lesses reported by Hubert (1974) for

icn Areric,

rutticg wales ia the

Pigura 29 for adult cows shows an iud

shipy related behavior ot the eszperse of ma
-nd £, urth v eriadas but ¢ V3 e vrany Ao N nroe-riil jevelc 1 i
nd Xourth tine periccs publ a2 rvolturn, adnoevt, to pre-rut lLevels o Lne

last four., This was an eff

of 1ncreasing hevew size (Tigure 37%)

attentiop to cuch onw.

o
jored
|6
o)
%]

vhich meart that the bull could devor
Cows wnderwent weight issees during the firel part of the rut in a
%) though lozsos wers noi so

populaticon on Devon ilglana (Gluberg 13

exty:

il L'

1

x as those of bulls., Siwmiler veouits would be expected Trom the

infomuation in
Calves aund yearlings {Figures 30 and 31) exhibited fairlyv wmincr

aiteraiion of activity patteras as a result of the rut when comparcd with

adults. Data on yesrlings were noi separated according to sex becsvie

sexual differcences

H
N

g aindenanne pime allocatiorn wers emall.

ferales contributed &l percent of tha rime allotted to sexwwal behavior.

Structure of lavems

A harem 1s o seccial unie which exists only during the rut in this

(
S
o
:T
Vo
Q
w3
o
e
y
o
4
©
[
o
15}
e
i
W

o
[
m

polypvnous gpecies and is simpiy a towsorary associs
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bull and a group of cows. The bull maintains exclusive acress to the

cows in hiis havew by vigorouslv defending then azsinst the approach of

~
a

other males.

Althouvgh the initial fermation of the harem i3 an unspectacular

event it marks the hegioning of a scvies of rather major changes in the

the case in elk

A
o
¥
e
G
| e
n

dalily activitizs of the aripals invol
(Altmaenn 1552), the prospectaive harem bull does not eolliect cows 1o
forming his haren but werely joins an caisting herd of covs, calves and
juveniles and remaine with thew for the duration of the rut ov vatil

displaced by suother bull.

4. e me ALy e ooy o 7‘ o = g < -1-
muskogen Yo agnregacs varher than & reflection of the

o
=)
g

bull's abilisy to assenkle a zyoup oround nakselifl, this drive were

fEicient to maincain thae

Table & chows the average hexd gizes observed during the pre-~rut
and rutcing periods.  The pre-vot vas June L to July 175 observations
between July 18 and October 4 were considered pore of the rut.

in the

The averages are not sffecred sipgniis
number of bulla ia tha hord. Although pre-rut groups were more jikely
te contain no bulls, many of these groupes ilaciudad two or pore. Herds
seen during the rut very rarely had wmore than one bull., The average

numher of bulls obrerved by Bos (21967) was 1.75 in pre-vut groups and

2




Table 4. Average size

mixaed-gex herds:

pre-vut and ru

-~}
pae]

Mumber of

Pre-rut berds

Nuinber of

Hcrds

_Source

9.65 z0

8.25 25

8.97 15

7.39

[

~1
3]

.

820




1.03 ip rutting berds. My own data showed even less affecv: 1.31
bulls in pre-rut haords and 1,12 durlpg the run., These data fail to
show a significant change in herd size with the ounset of the rut,

social unic

-y
W
-
CF
v
1)
s
o

which would seenm to suggest the existence of

independent of the cetions of the bull. Fuller (1280) has proposed tha

ar unit eccurvs in thie Lison of Wood Huffalo Nacional Park.

Cows seldom were scea alone and vhenevers circumstanczes caused Jhem Lo

beccene semarated from the zrour they zcted unsasy snd guickly scuzht
t £ g o ) <

to rejoin the herd., 1+ is rhis rendencv to aggregpate that gives rise

to the social wait. TFigure 32 shows the dictrvibution of hevd size

data points for all four voars. Thoese dota Indicate that few mined

sex groups of less then 5 avdimals wore seen.  Small grouls which were

o yo

observed appeszed to be transient and seldow existed uas vepavste
entities for long. The evidence cuggescs that animials in cow groups

are most content when surrounded by several conspeciiics, generally more
than four. This fact tends to stabiliize a group around the average

the aniaals in a group of & were to separate and

1y

haren size., If % o
wove away together, the remaianing three would soon saek to assoclate
themselves with arotber group. Since (re nearest hevd in their vicinicy
would normally be tihe 5 that hao just 1oft, the likeilihcod of a rocom-
binatiou is hiph., Continuiag on thins theme it can easily be seen why

large groups are so proue to [{rapgreataticn. A herd of 35 can split into

two groups each weotlng the windpum vegulvements of a bagsic social unit.
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0.20 ¢ — M

O.10

0.00 Jﬂ | ]

2 4 6 8101214 16 18 20 22 24
Number in Pre-rut Herd

0.20 B [ ]

Fraction of Total Observations

O.10F

0.00 fﬂﬂ

2 4 6 81012 14 16 18 2022 24
Number in Herd During Rut

Tigure 32. Distribution of herd size data points. Sources: Bos
(1967) 1965 and 1966 data, U.S.F.W.S. 1968 census data,

1973 data this study.
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Competition among males for cows appears to bz & negligible
factor in the repulation of harem size. Spencer and Lensink
reported mean July herd sizes of 9.0 and 8.1 wespectively in the years

1962 and 1964. These figures are comparable to the more recent data in
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Age of the Haver bull

[ R -1 - $ e ~ . e . ot
is small relativae to the nuwber cof

Recause rhe nurber of

sexunlly active males, ibhe barem bull i3 2 memblr of a rather elite group.

Bulls which are able to suceesefully acouire nad defend a haren ave

active, aggressive animals iw prime phyolcal condition, Although vulls

f producing viable spara by age 2 (Teal 1959, Tenor LR85

are cazpable o

wnder natural cenditions Sew 1Y sny two-year-old mal
Island, muskoxen introduced as vesviiags produced calves ia the 2econd
yvear {ollowing release.

U. S. Department of Interiow 12755,
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circumstances, iuter-male competition
Table 5 shous the relative ages of bulle =con in the Vunivak

opulation, both with and withont harems. Ages given ave
b, o

"

n index frem 1 Lo 10 based on qualitative comparisen of

<]

as horn basg development, bhorn wear, and pehavier. In toeims of vears,

a clags 1 buil fx abouz 5 years of oge and a class 12 bull in the maximum

age reooched by muskoxen (220 vears, Ruckley ot al. 1934). The approximate

)

ages 0f 14 skalls ranked according o this movhoed were counpared to




Table 5.

to

October 4, 1973,

Relative ages of bulls cbserved during the rut:

Desipgnation

M1

Harem

July 17

76

in

Lone or

Ali-tale Group

I~
H

e
H

v

PES

X

X
X

B bd e b4

L S

>

*Not years;

see text for ewplination,
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P

Tyt N
s )’El 1.5 O

known ages obtained by ansa cementun layers fa dncisor 1 (Leat

1974). The rvesuits indicated that observer judpgments were accepiably
close to the actual ages of the animals.

Looking at the data iwn table 5 it can bl ceen that hLarem bulls
tend to he in che 6 t2 (0 vear rauge. This is consistent with Huberi's

(1974 ) assunpticn that bDulls do not breed uvntil & years or older in

the wild.

Fluctuations in Harea Size

Figure 33 shows the changes which ccourres in the stiuciure ¢ one
havem. The movt comuon mechanienm for 1ecrzasing hevewm size was through
comhat between twe hurem bulls. UWhenever haren groups moved ianto view

of each other there was a zeroeisl tendenny for cows and juveniles o

drift together. UVhen the two groups bad intermingled ons of the fao

fought for vossession of the herd,

The hehavicr of cows and juaveniles following herd combination was

simiiar whethev the cowbination reosulted from cowmbat botween bulls or

not. Cows investigated one ancother som=ztimes showing cowponents of

male courtsnip paroercs.
gatory behavicr towavd members of the same clase in the new group or

toward younger snlunla. vas secn -veiween females during

thece initisl encounters buat attacks were noi very soricus.

harer sraw lavger br o condination they became iuncreasingly
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liable to fracturing.

were hesitant o

fore fracturing unua

the harem. MHe

N

groups dispersad

group wig

Den

Once this had ha»
with the group.
their reac
occcasions
which was

harew, even though

leay

they hzd

As was previcusly mentioned, individual cnimals

b do Tt

9]

re t groups were less reluctonv tO s0. iere-

e
i<

Yy r~ ted in the lous of severzl animals from

r*‘,

not mariked by any notable behavior. large

e

were

‘<

novenents, one

1

n

£ move fav encugh to lese zignt of the wmain group.

ed they were av likely to councinue cn .3 te rajoin

suntered a disturbance, however,

On tw

the

orOnD
groeuny

time

the bull does ezert

of the harem. The 1

harem as compared to

remained sinilar duri

haaren ax for

to exist

sociace with others.

the crganization and su2bility

arkadly reduced in the

nci

o

> T
s

o

Petds,

pre-1ud Alrhough roup

ing efchev period (Table 4) the eftect of the bull

was to redace the Lutnover rete. As the rut dincereasad in intaersity,
the harem bull was constauntly watchfinl for apy meveunoats away frem the
harem. As the girce of the harew prew bhis requisite energy expouditure
for controlling dispevrsal increased substantially. When harem size

was between 5 and

10

sotive hoacdiug by (e bull waz not particularly
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necessary. Although there were individual cows which appearcd to have

poorly expressaed hiord tendescies even these were not 1likely to leave

the herd outright. However, when a harem grew to 10 to 15, if one cow

was of:ic¢o accompauisd by ceveral cothers. Thus the

left the group
subgroup provided reiniorcem2nl which satisfied the need for “fellow-
ship” and perwittod digpersal from the harem. One harem of 21 was seen

C number that the hell can contrel

Scatrering was so comren chat ohis bull wes consiantly

1

interrunted and prevenizd fvom pa

Altwmarn (195%a) venovied a sisdlav divect velaticnshie tween size
and instability in elk havens.
The buil alsc exvrts & stroryg stabilizing iniiuvence on tha gunup's

reactica to fright stimeli. Pee-rut herds vere muce

disturbance and terded ce take flight wmore casily than did neren groups.
When a harem was contronued bv o ¢ ihe

cows and fuveniles te run, the bull oftuen vewmained where ha vas oy warely
walled slowly after them., The sight of a caseal veaction hy the bull

usually served to halt the others' flight. Frightened elk are quietsad
ia the sawe way by the sichi of peacefully grazing ¢lk or eves cther

species (Altmaan 1956

A strong Tlightuvesponie to mivoy distucbauce iz counterproductive
to courvtship activivy in chat
additional unuscessary enerygy draio. Hovever, a resctica in which the
animnls vemain 1in pilace but assume the deicnse {ormation serves to

eviwclate courtship.  Cray (1973) observed the most intense sexual



1

interactions reported in his stody tollewing discurbance.  Bull musk-

oxen enpaged in active duvestigarory courtship when the harem was
immobilized in the defensive Formation., When faced with an unusual

and frightening siruation cows seemed to be Ilivious to the advances

of the buli. Bulls rtook full advantzge of this te prastice intensive

During the svmmer, meskoxen moved aboat over an extensive area of

suitoble racgs. Daily movenents weve quite variable. A group adzht

w

remain on ore small arca for several days, then s:ddenly travel 10 miles

the next. Howewer, a nerd nermally moved less than 3 kilometers =z day.

~ds the movewnents of a single havem over a &-week periol.

e
—
D
I

Figure
Figure 335 shows the moveaents of two harvems chsaerved by P. Lent in 1369.
The averuape distaace between silgbtings one day apari for these thres
harems was 1.47 km or €.91 milcs.

Since moverents ave not always linear, these figvres do not neces-

s . .

sarily vepreseant the actual distances covzred. Hewever, they do indicat

th

in

w

that movenents of this particular hares were genevally short and con
to 2 relativelr swall area of the island., This generalization would not

appropriate for all narems, though. 1% was my impression

app

that even though groups might rewain in one locale for a length of

o

time, feeding aovements were Lesically random oud a fixed home range

did not exisgt. Gray's (1973) dura tead to support this idea. However,

a full unders +f the dynamics of muskox berd spovements and their:

relationship to howe range mest await further study.

2

[«
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Figure 34. Movements of primary harem group and associated lone
bulls observed in August and September, 1973. See
table for details.
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Figure 35. Movements of two harems observed in August of 1969.
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Leadership
Although the concspt of lesdership de difflcelr to defing, certain
individuals do have a definite Snfluence on the direction cof hexrd
movements. A lcader iz one who is frequoutly an the head of a moving
coiunn and often seoms to iniciate & nev acrivity {Hafez et al. 1669b:

278). Unlike scme wild shecy populations (Wellaes aud Welles 1941)

leadership is¢ wo¢ the pravogative of any one individual in the haremn.

Muskozen tended bo fellcow any animal which made an initial movement awvay

from te group. Mewtors of all scex-age clasres were geen in this role

at one time o1 another. Leaderechiy was alsc seen t2 shilt adurine a

0

ingle herd wovement. This was particularly common when a young aanimal

for a while be oiten sceppad
and walted uwatil en adult had replaced him at the hezad of the group.
In dealing with leadership and herd sovemenus, 1+ 1o nccessary (o

distinguish

1. Drifr: Movements ivvcelving siwple graasing patterns whare

lzadership nt er very unnblivasive. The group teuds to
rove in gynchrony but movements are basically undirected.
Exampies of leadership by juveniies and subadults were moss

commonly seen when these aniwals initiated a move to a nearby

LC’(}S}CI‘ mevenants Itom One ared

another which invelved a definite Lesder. Animols grazea

oceasionally but steadv movement of the herd was usuvally

saxintained,  Cows ultimecely led nearly all of these movements




Forxced mov

though come of them were initiated by yourg anirals. Occa-

. o C .
sionally two movements were starteg in opuosing Jirections

LY Hik 3 o3

ulling the herd soart.  In mest cascs one of
O

eventuallv reversed itself and folloved the other.

Defore taking flight from a frightening

cbject the initial response was to run together into the

From hero the animals

I
g
)
(‘\
-
I
[y
-
()
<

broke and ren at top spead away

vuabar of

at close range. Situatione which were vercelved &5 dangerous

tended to bring out the wmawinum evpression of cohesicu. Aad
since fear provided ctveng stimlus Tor feollowership almest
any animal could be 2 lesder in these situations if he vere
able to leave the protestion of thoe group. This appeased to
1t proposzition ever for thosz eplunls which han
been regurlar leadzrs of previcus herd wmovements. When one
animal broka from the formation ne was immediately followed by
the rest of the growup. However, after travelling onlv a ghort
distance he often wheeled arcund to again fzce the object and

S S T ~ 3 p PP T ) 3
caused the herd 1o veaszomble around hin.,
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Tener (1905) stated tuat en »1d cow led herd movenents ontside

thin pavew vies tho leader derdng (e rut.  Gray

of the rut a
(1973) roporicd hils belief that bulls west fregquently led group move-

ments, particalariv whoen the herd was confroented by an ohstacle. Of
s b p J

herd movarentsz obzerved dord che present study wnere leadership was

clearly evident, 86 percent were led by maturz cows. The harem bull

o

was cnly successful in leadins oue movement and a few were led by otlier

NG 2

[N

vz a fellowing re

explains why cows were so olten tne leadexs of herd mouvements. Though

subaduits made inivial Jeading
often igaored by the ouhers. 4 cow eould be expouted to he followed at
least by her calf and semeiimes by other caives 2pd yeariings assoc
with it. The sight of scveral aninals woving was a nnch stronger

stivaidlus for followership than a singio individaal.

The haren bull was gonerally weic concerned with controlling Jis~
pereal and testing cows than in directing the moveaments of the hexd
e actively woiked o inhibic displavs of leadevsehip by herding wavward
animals back inco the group. On the few cccagions whan the harem hull

id try to lead the group he wes usually pot very successful in getting

(R
ISP RN

others to folils

that animels which sve wmost

Hafez et ol. {(I96%h) cuage:

movoments hoave 3 Lover drive to

frequently respensible Jov
assoclate thar do theose which terd to follow. Schein and Yohrman (1955)

have shown thair dndividual variarion to cohesiveness extste in daixy
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cattle and it was readily apparcut that similar variation is present

ssed cohesive

J\

within a group ¢f muskoxen. Animals with poorly oxyp

m
)

—
pl
4

tendencies were generally older cows, cows without calves and animals

newly introduced into the herd. Adult bulls seewad o be lesst affected

by the need to associate.

Many unsuccessful attempts wera seen to inirizre moverents, wherse

an animal set off f£rom the hexd bui his cxauple was ingui
cause others to follow. 1Iun thece crses the cobesive tendencles of the
leader, even though reduced, would eventually cauvse him to return to the

herd.

By virtue of their independence, leaders were morg
lost from the herd. Although i wss stated thar individ
from s group vas rare, three cucurronces were seocn.  All of rhese (V1

N -

¥2, and 2--year-old ¥2) had pooviy develoned cohesive drives and strong

onte harem. EFulgraticn frowm the hevd is a8 much z result of the failure
¢f the others to follow aa it Is sn actico of (he priacipal animal.
Tl and 2-year-cld FZ mads mavercus intention movewmsnte but their success

rare in eliciting a fulleving vosvonse was low,

3

5

lationshiip between socigel position and herd lszadership has
1
been discussed Hy a numbey of aunthiors.  Stewart and Scott (1947), Rose

%)

and Scott (194%), Reilhavz and

-

rr
-

(19¢7) concluded rthat in donestic cattle and goats leadership was related

to social domrsance but that there wos ne causal limk. Geist (1971)

i

founag that dewinance and leadeyan correlated in some
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mountain sheep bands but opposite in others. Tyler (1972) observed a
certain relationship bevween dominance and nmnich order o the New Fovest

¢ was by no means consistent. Cray (1973:64) states

ponies, but thi

that "Leaderchin in muskox herds is very
dominance hierzychy, not cnly duving the rut but throughout the year.
Althoush I was wnable to daoteet a stable socisl hierarchy within sex-

dominance crder

age classes in ruttiag muslhoren, there was 2 de

o ey b 1 P '
haven bull, rarely 1od
bl Py

s
-
yom
g
T

between ~lasses. The mest dondnant anda

kerd mevenents, Convergely, the cgt Gominart, & calf, could act acs

>

A4

leader olthougn this was alsc rare.  Gray epvarently lLascd his conclusion

movenents were icd by the dowminaat

on the observation that 1d of 2
pull in a hord which coutainzd three buils and one cow. Although bulls
are iu fact doaminent, trev sisc have relatively 1ow cochesive vendencies.

ﬂ‘1"

Therefore Cray (1273) wmay have been counfusing ndapendence with comi-

nance as the kev Taclor whic ¢s leadership. 1f deminauce i

related to leadershin in muskoxen, the relatienship fs not divect and

further work will be required to defire thet relutionship.

Yovemcnts cof Lons Bulis i Lolrrion to lavems

The distcibucion of lerne males and harem groups after the peak of
tte rut in Soprewbew, 1571 is sheown iuv figuve 36. The map dis based on
the U. &, Vish and Wildiife Service survey rveport for that year,

There was a general. tendency foy lone wmales to be found in the vicinity
of harem groups as would be expocted.  Additienal clumping of lone bulls

1

not related o rhe dlstvibution cof herems was also scen, not eouly in



Figure 36.

Distribution of muskoxen observed during the
15-16, 1971, U.S.F.W.S. survey.

September

71



1971 but in 1962 (Lent 1974}

In the fall of 1672 and

coast with greater freoquency

in the interior during theee years

and in 1577

1973 havems wers

than in 1971.

along

istrribured the

Few harem groups were located

comparaed with 1671,

During the 1972

and 1973 rutting seasons jone bulls voved aleng the coastsal strip where
the probability of encounterine # harcem was velatively Lhigh. Whenever
one of these bulls signhted a harem group he moved te within several

hundred meters of it

feeding movemants of the bFaranm.

of the herd for 28 much as a dav

harem bull. Jthe leser of

c

of the harem and uwstually e

T geneval, lone bulls hed o

more stationary harew grours

males through the arza coccupied by
the harem bull with a conr susly

Bulls

which were

together in palrs or small grouns.,
showed 176 bulls uwot gt
lope individuols, 48 ware n groups

£
01 & [

2 groups

. Departse

Tener (19%65:95) states that

T et .
intensively acd congin

After

he

this coutest:

2d entively cut of the

‘\ %\'CJ

synchroenized his movemsnts with the daily

remaining thus on the periphory

eventuaily challenged ang fought

thon left the immeddiace vicinizy

region.

elarive to the

flow of lone

-
POV LRTG,

on of chol

2
o

often travelled

1M

The Seprewher 1971 U.S.F.W.3. census
I harews, iguty~four occurved as

and 8 in

3

11 bierarchy has been found in

vously ! oalthough he presouted no




details te suprorve ihils contaentdon. Havingion (2961) al:c suggested

that 2 social bierarchy is present bwut agaln failed to provide data to
justify his belicf. Gray (1973} denmonstrat<d a linear dominance order
ameng three buliis and felt thar sdmilar hierarchies owxisted within all
sex-age classes even though he was aaabie to docuwnent this.  Although
1 agree with Tener's {(1983) contcntion that theve is a linear dominance

order between sex—ag:e clesses {(adulf hollc dominete adult cows vhich

in curn

-
}.-A
mie
I
v
J
i
kS
.
w2
1
ol
3
s
o]
wl

dominate two-vear-cid cows which dorinate year

dominate c:lvesr, T was unatble to Tind & asimilar relationsuip within
any particuley ser—-age group. In Tact, i 2063 boeurs of chservarion I
only Cf these,

oldazr.

only
h oare Vimived cnoueh

thera are few opnoriunities

5}

for the ageonistic iunterascicns whlch are wecessary Lo catablish
dominance order and cven nmore imporvtant {ecowm sy standooint, to indicate
its existence. If a doeminance nlersieohy is present within age

of suwmur groups it may ke & carrvy-over from tire winter where animals

ave compebics at feeding crvetere {(Grav 1973).  In any cnse theve is
little convincing cvidence o9 eicher prove or dispiove the existence of

a stable dominancs ovder withip the kaven bevond the one which was

outlined abhove.
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The rut brings oni the mesl intense expressions oo

behavior seen during the vensr in wmes: unjulates,  Muskoxen are uo ax-

coption to this rtule. Dantles boetween maies hove left Jasting
: I e moyns me TTos ey e T L T,
impressions dn the wri af such earlv avthors s Hearne (1795), Pike

-
T2
4
o
s
~
.
Ko
~
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o
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e
(a9
g9
Cu

(1892), ¥reuchen (1972} awvd Jennov {1%33}).

excellent deseriptions of

interactions. leowover, becaus2 the rut Hrings on mariaed changes 1n the

additdenal cormeniavy 15 nasc

Tl

1 o gove o~ .
lavel and fvequanay o

agssocieied with fhe wut nas

. e
interaction ‘Iracer

apouict

sparvession coour dn combat oy cwrpnoi-

ship of harems.

Threat Displavs

A series of

b A PR . NEars [P FEPR N i G B SR 1
already wot in several clashes often wrale off and performed addivional

a challenger,

23 ch owas describaed in the section

he faced

o courtship behavior.

2. aL A Yha bulis

toward each sther, they
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walked in a determined stiff-legged approach with the head held low.
This threat is sinilar to that described for doncst.c cagtle by Frascy
(1957) and Schloeth (1858) and for bison (McHugh 1952, Egerton 1964,
Lott 1874).

Bulls ruhbed the pre-orbital gland agaiust the

in agonistic eacounters (Figures 38 and 39).

’

This pattern hzs been dezcribed at lenzth by @ purter cf zuthors {Hone

1934, Pederson 1858, “arasov 1ol ierington 1861, Toner 1965, Gray 1973

Cland-rubbing will e {urther drocussoed in A

L. Morving the arownd.  Bulls freguently hornad the ground prior
to comhat (Ficure 40). They tore oul larye chucks of zod with tha hore

tip and sometires also puenad the hewn boss and froat oi the face into

the exposed soil.

5. This was sost corwonly scen i oassccilotica witp

the parallel watic, Bulls disviasad broadside to each cither and turned

.

the head to face away frow their oppoment. A

antaronist is performed by melc meuntain gosts (Leist 1964) and A nuabor

of other howids (Waither 1974).

[
)

Jel to eacit othe

for as murch as 100 w holdiw

)
s

wove 1n the sare airection, oppesite direcviens, or ouz bull might

7. Head-soing. After a ciash, as the bulls backed, they pulled

the muzele in and swung che hend fren side to sida ip wide aves (Figure

r
S
-

r

the hesd ciit (Fipgure 41). They could either




Figure 37.

Figure 38.

Three-year-old cow in alert posture.

Adult cow gland-rubbing against driftwood.
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Figure 39.

Q,'

e ‘\'

gy w ~~>v e

Y

Class 8 bull gland-rubbing against foreleg during a bout of threat display
prior to combat with a harem bull.

L6
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Figure 40. C(Class 8 bull horning the ground.

Uy AT
Elithe:

g
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Figure 41. Harem bull and challenger performing parallel walk display.




Figure 42.

Figure 43.

Bulls backing after a clash performing head-swing.

The clash at impact.

99




The duration of threatening prior to combat was variable buc

usually lasted wmore rhan fep miavtes.  Semetimes a ehallenger moved

dinplav which did oot lead to combat, only

(e lone bull approachad and displazed to

to return at Q

a 7-bour period, each time meoving off and

feelding at a discance Trow thae harem before {inally engngiag the harem

Bulls roarod

The roar is

to that made by a l1on.

In this espec

for coubat awong wature bulls. Vhen = hall sroached] a harem o
gumminence hattle vas almost 2 cerviaianty., Threars ey Tunotion to

and relduce the solfl-

w2y serve to limit she

intencicvy of the battle. Rulls someiiwcs hroke off

thoelt Cul

The Clash

Comhat patvecn bulles dt the yoar and is

particularly vivleat duorfag tha o, wethod of tivgheing is a
hesd-on clash at Uigh sved oma receaved on the hovny carapace.

the couplexity of
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—
.
N
>
T
1
g
-
[
-
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this technique.

After the prelimivory threet display the builc van toward each
other from a distance of about 30 to 530 m. Sometimes the initiator
began his charye while the other bull was still thresieaing. As tic
bulls appreached thay maivtained hexd alignwont <o that the horn boss

fronti ‘”‘;C‘(‘t. showvs the intense

i

[
"
r

would meet sauarelv unoun impact.
L A I }

concentration of bulls just prier to the cizsh. On the las

impact, both bulls made a fival lunge with the blad legs which lifted

‘57.4—

the fevefeet off the ground., In cthe charge the head iz hel:

Lot
G ul i das

-

level witn the 7ace perpendicular to

he ground.  ILunediately befere
clashing the bull pulled the murzle back which threw the horn toezes
forvard wnd stiffened the vack Jor ithe dDlow., The hind feet remain on
grooad, giving o s0lid skeleral connacuion Frow the horn boss throuvgh

1 N .0 R 1 . e m evmm g gy ] . 1. - - . - S 5 ey,
the epine aud bind leps o tho grouvnd. The bhlow was caugn:s sinmualiace

en both born besees znd the foree tonded o push

After making couvacr tho body continued oweard comprsesing the neck.

Often the back legs were thrown urwavd ond forvard, addiung additiona

dovnvurd pressure.

Thne impact of the blow was {Figure &3). The scund, 1

During g clash wuehox bulle genorate fovees which ave probably unodt

by any other North American wogelate.  The clesing velocity of conte

(a7

iike

a giadge hammer, could be heard for more

tants

in one clash was determined to he In cxcesc of 1009 mevers per sccond or

2604 wlles per Lour from wevia Yootage. However, T oconsider this to be
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a miniwal figure for clash specd. Muskoxen can rup 25 to 30 wmiles per
houy on a hard snow surface (P. Lent 1973, porvaonal communication)

when chased by snowobiles My impression {rou witasssing mauy clashes
was that Hulls aitempred to reach maxinun soced wirich wvould produce

a closing velocity of 22.34 m/sec oxr 50 mrh., However, even at the lower
figure, the dupact is wmost impressive. Imagine the effect on an auto~
15 to 20 17-mph collisions againit 8 conerete well,

which in terms 2 kinetic enerpgy would be roughly eguivalent o one battle.

L T e
Mourtain ehan)d scaetine:

maxinun womentww (Gefst 1971), Miskox vulls were not secn o take
agvantage of topozrarhy 1o this vay., In fant, meat hattles were fought
on level ground ewen thcough siores were nearby.

After each cliesh, buile facad sach ohber for g short time then

backed; swinging the hcad fron side to side. When they wire again

2 charge ana the

clash was ropeated.

Fights with es fa&v ar 4 ¢laches wevre sesn but 15 to 20 was typical.
Unusually prolonged batoles might ipvolve more than 20.

After a sevies of s of vee bulls began Lo show sigrs of
impending defezt. Tosing buliz were ofien slow ta hack up after = clash
aud rian ¢ shoviver distsace o the charge, though this was ot an

invoriable vulie. The certain indication tliav the flght was soon to end
cam: wheu ode tull begen te rturn pavtially away {rewm the other aflter each
clash., Finally one of the bulls refused to ween the other'’s charge and

was chased by his zdvernavy.  The loser cenvinued to walk steadily away
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bord

from the harem until ne was at jcast cre or &wo km distent and usually
did oot even Jook back. iLosing bulls were nover seon to challenge the

same harem bull twice, A4fter disposing of his rival the victorious

bull returned to ihe haror «nd often pevformed zdeitional threat

displays, tearing up the turi with his horns and roaring. Particularly

(R

geen folicwing

ship interaction were ox

rt
]
cr
(J
o

agpressive seqguences of cour
dominance bacrloz.

Combat inciided wuch move variability than moy pe iuplied by the

above brief deccrintion. Ooccacionally buils engepg d in pushing matches

(..L.

following & clash. Pushing woas often quite vigorous but pever denidea:

s contest. Sometimes bulls clashed suddenly after backing only 3 =

distarce. The head swiry sevves oo prepsare a bull Yor sueh an attaclh.

Beginrirng with the head pulied far o one side the bale gnaps it forward

CPQ

as he lunges shead with his whole pody.  In this woy be achieves rarimun

(’)

. . i i Y e e} s 3 Taz oy = LR R o 1 B B
velocity of tho ad though the bady sccelevaras over & limilted ciw-

taunce onlv. Om one occasion follewipz a pushing bout, two bulls became

shifted around so chat they were parallel, pushing against each other

with the sides of their heads. Neiiher one could move away from the

t sged

other without giving his opnencat room to hook. Altlough they pr

)

the hern tips azoainst esch othar, no apparent
Attemnts were made to witacik che body or fo stab witn the horn, but
these wore generally uesncucssiul dne to the cefensive actions cf the

recipient. Buils defesdod agafost o charge by facing their opponent and

catching the blow on the carapace. They were amazingly quick in their

ability o do this, even vhea taken by surprise.
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Physical Danogn to Bulls fro

Comiat
Although btutrles betworn wature b

uil mugkoxen are decidedly wvicious
and grueling, there s litile evidence of sericus inju
cipants drme

Severe damape could he

ry to the parti-
i the shn
were usedq to g

siarp hern tips
gove. However, bulls weve vory wary ol bedy attacks and
provided their opponents with few opportunities fo vse kerns in
this way. T ccezsicnally saw bulls mewsntarily lose the head o head
orientation and bLring the howy inio contact with the other's aneck ov
body, but they wore unable 15 iab wich much force
inflict

any danag

“ weoem o
irn figi

occasionally

o . 2oy acthongh el

that thie ype of fnlury Is wawsval,

Tdrect concussion injury seems move likely. Folleowing 2 cories

of clasbes bulls often acted dazed. A harem bull that had o

several Tfghits in o laily seguence bled fresly fvon the nosirile
ears after each battle. This bleeding way have be
of siud

ices in the skail,

I

of a bull

. expeditizn found the skull
which wae gpliit along the sagittal crest, apparentiy as a
result of a dowdanuce battle A

battle

was killed in a rutuing
ne Institute I hern Aoriculture fars in Fairvanks.

&
peath was the reculo of a abutiersd

cervical ver
paysonal coemunic

~acion).

-
rt
-
o

’o
"
~

0id bulls

Wole

e eon with part of the horn broken off.
Thic Injury was probebly the cegult ¢of combat and could dnvelve
lose of blood if the hotvn care

major

Ware

danaged.
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01ld bulls werve also seon with an opaque cornea on cpe eye. Theae
could have been due to cye dramage sustained in fighis since the eves
are in a very wvulnerable location. ilowever, other explanations are

2]

They may he elther aua e

Hh

equally | fect of ¢1d age or the result

of insect harvascsment as reported by Palmer and Rouse (1835).

Physic,

Adaptstions to Conmbat

Bull mustoxen have evelved a numher of mevphological adspiaticns
in response to che needs of intrespecific combat,
Since wmoszt ¢f the shock i3 takcin oo the head, iv is heva that the

greatect modilicatrons have cocuryad.

gurrounding tha brein cese {sue Tigure
by the hiorn besses, consists of zbeulr 10 cm of hora undexlain by 8 ¢cm

of skull bone ever the brain. The bull's skall is axiremely nasaive

when compared te the female’s,  2llen (1933) sgives avevape weighte of
saven pounds (2,18 k) fov zdelt females and cightzen pounds (8,18 kg

for adolt males. This is a 266 peicont increcse which can be divectiy
attributed to sexual seiecticn.

The Tircr and secend cervical vertebiyaoe ¢f the male and fenale are
shown dn {igure 45, The malse' {iver cevvical vertebra transnits the

impact from the ekall te the spine which carries it deep within the

body. The articulating surfsce of the wale's otles is 41.5% perconc larger

than the females’, which oflers ohvicus wechanical advantsge. When the

bull pulls back ihe muzele ot che final Lunge, the stlas fits into a

noich at the base of the osciput (Fipurcs 44). his provides a very hard
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Figure 44. Sagittal section of the skull of a mature bull showing
massive bone structure.

Figure 45. Comparison of first and second cervical vertebrae of
mature male and female.




commection which moaximizes the impact and at the same time piaces the

horn boss divectly in Linme with the spive so that the dmpact {orce does

Males have vowerdul nmusculature in the neck to support the head and
resist rotational forcas at impact which could produce serious injury
or death if uaopposcd (Schaffes 1J68). tongate neural spines on the

cervical vevtebrae provide additiceal arceas oy nuscle attschmout,

nyaCt’Uu (‘i

apathetic to battles

for their swneiship. Throughout the fight they continued to grazo or

vest, occasionally locking st the conbataents but showing no graat

Hulls te

xpemwbers of the

The Lell wae so clearly dowdnent owver

harem thet he necded to show very 1little overt apgression toward them.

e}
t
o
a
o
et
o
[
~
o)
+3

, : . 3
Bolls acted aggresqsively tow: cows when herding them back ¢

and occasionally ir courtshis, ¥Whonever the bull moved chrough the
] -

e I B T AU I s - i . . [, - -,
harem the other animals moved out of his way, watching biiw closely,

ERT

of zggrescion. Whenever a young

displaced him wmerely by swingirg his

animal was slow to uwoeve the bu

dirveciion. Yten the bull chased
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calves asuay from thely wmether when e was courting her. At the peak of
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the rut the bull became wvery intolerant of the yearling males in the

harem though Le had previoualy ignored them, Whencver he approached one

of thea at this time he chased the yearling out of the way, sometimes

purguing him for 20 or 30 m.

Apgression by dcws

Cows engaced wn divile ocidve The moss common eXprosgsion

of female agow

cow. The usual

tevard him in @
away thougl the bluw rarely cocnected.  Covs were surprisingl
of other caives nzay thoiv ovwn wnd often chesaed tham with no pyvrovocatinn.

Agpressive interactions betwesn adult cows were infrogqueat. Only

cuses vere recoracd and in 4 of thaze azgresszion by o fear-vear-pius
female wos directed toward & tun-year-old, The apprescive behsvior

iteelf was gquite miid, usvelly rut dnvolving physical contant.
The most excepiicnal forw of fewale agsression was between a cow

were sz2en. These were

and a mature bull. Oalv 2 exausples of

discusced in rho scction on female soxual beligvior,

Mali Groups

Relationships within bull groope during the ruvr ware belligorent
at bect. Bull pairs were seen {alrly commenly and seewmed to be

reasonaubly stable thovgh the two bulls hatoled frequently. The existence

of these strange associations seewmed o hoe 2 result of two opposing
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forces: the general cohesive terdencics of all muskeszor and

scasonal temperaweat of rutting bulle which lesds theun to regard

. .

approaching males as antagoniste. Tais vas breught out most vividly by

the actions of s bull pair wien exposed to & disturbence. The initial

I

response of bulls in these situations was to run together, the typical
muskox fright reaction. However, as thsy cams together, instead of

taking up defensive positicns as uwsudl, the bells wmez ia a clash., When

en

furtiner pressaed they tock flight, but after runnivy & short distcence,

the lead buil wheeled around and mz2t his raviper in snether hend-on

.

clash, his continued wntil the anima awvay from che dis-

[l

turbance. 1 often caused lengthy bacvles between bulls werely by
o 7 4

Jdng toward thewr,  Apparently bull nmuskexen renct to any runniag

"
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ageinsit en attack is teo meet
hoin hosses,

Battles between non-barer busls difier {rowm

of harems in seversl wavs. fighting for a narem waz a formal,
ritualized afiziv which was carried on with few interrvuptions uvntil a
detinite winner ewmurged, Individeals in bull pairs often grazed hatween
bouts of combat and the fig

1t owsually ended indecisively with the two

simply wandering apart.

Scent Markiug

Huskoxen possess a pair of well developed pre-orbital glands that

secvete an odeviicrous substnnce which acy fuaction in elfactory




commmication. One of the ways these glands are uscd involves a highl
b 2 2

tereotyped and dramatic display: plansd rubbing (Figuves 38 and 29).
When gland-rubbiug the displaying animal extends the foreleg and rubs

the face up and Jdown against it, presvuably depositicg pre-orbital gland

=
s
.

secretions with each motio
The motivations for glaud rubbing and wts function have been

areas of discusgsion and conjectvure for previcus suthors

Pederson 1958, Terasov 196Q, Horington 1241, Tenex 1285, 3.

Gray (1973) hos presented a veview of the past hysotheses regavding gland

rubbing along with an coriginal one which depicts dfs maiov imposriance

Tn covfurmicy with Ralls’ (1673% vwrecept that scent marking is the
prerogative of the dominant aninmel, bulls gland-rubbed wmere Irequently
than cows. Covs perforned chis benavior on only two occasiouns,
in eddition to autc-norking, muskoren rub thelr pre-ovhbital glands

againct pieces of opheorum tussocks awd nawly bornec

patchins of earth (Figure 38
within 5 » of me. Each time thoy used the horn to tear into the ground
they rubbed the side of the face on the scil which bad been uvncovered.

Bulls sowetimes additionally rubbod the freont of the face and horn

area. These places carried o faiut sweetish odor,

difievent from s0ll which had not been g0 treated. In the threat

ove a fight boih bLuils horned the ground repeatedly,

£

T watched several bulls herning the ground

turning up patches of torn god over the prospective battlefield. Following

the defeat of his opponent, thoe vicrer often moved to cach of the places
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i

which had been horned by the loser cniffed them and borned and rubbed
Wy 7

individual reccenition of sceunt

his face against them, which s
marks.

Ralls (1971:443-444) has stated that animals mark frequently
vhere they are both intolerant of and dowinant to othey members of the

e

game species. I other wouds, they mark when toey are iikely to attack

ancther member of the same species, and ave like

1S

e

attack." This would seem tc appi;

by nuskoxen.

Often when a narem moved inth an area vhich it had not occcupiled

cewn to horn the groand ie the absence

for some

of threat stimuii. Thus it scems that bulls may scent wark ac a regulay

procedure 00 new &roas that the haven occupies, Addicional high

inteusity marking is perd formed in the presence of a contender. Scent

marking in the latte. situatlon may serve o intimidate Lhe oppenant

and stimulate the performing auimel tO artack {Ralls 1971).

Piay Bebsvion and che Ontopeny cf ¢

P ARl

Muskonen epend comparatively Tvnic
ally, play wes restricted te veoung animals. Tahle 7 shows the age

—,

classos of animals eagagiug fn vouts of play behavier. Only & of the

yearlipgs tendad to aseociate gith members of their owr age class more

freauenily than with ovthers ia activitles besides play also.




Table 7. Ace classes of aniwmals engaging

Adult

Adultr with Yearling
Yearling

Yearling with Calf

Calf

2

L

[
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General sexual aud agonistic bohavior patterns were displaved by
young calvis early in the spring. As Gejst {1971 susgests, animals
may be born with the basic patteras of clashing and mounting and acquire
the mere elaborate details with age and experience.

As rutting bebavior began to occupy incressing iwrortance in the
lives of adult aniwals there was a corresponding increase in the numper
of sexual and cgounistic pattevis used dn play. Io the late suumer both
calves and yeariiuns

. e £ P R PP N SRR A EETE I
CEVIOTIMML houal 13y Wi T peavin

head swing, horining the prouad and head tilt. Tiguve 46 shous how the
peak occurrence of these Lehaviers in play ccoincided with the neignt

of ruttiug acrivity anong adults. Young enimals mar eithier be incor-~

porating bechavior associated with the rut in their daily activicl

es
through imitation or they may be afiectod by chapoing horrmere sevels

g < o

in the same way s adults.
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Figure 46.
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FIXAL DISCUSSION AND CONCLUSICAS

of gensiic material
ritual has evolved

The vreper perforne
i I3 3

, - e s e e ; e e
in allowi the deposition of viabic sperm within the femalc rewro-

ductive tracu

Walther

ation carn taka place, {17

T - T e T
which umist be dzalr with heifore

male must overcome the female's reaction, either flighs or ageracsion,

to his close appreach. {2)

postuve nacassayy fov copolation.

males aggressivencss and preveat

v

conspecific. Thos courtship requives

How-

ever, vndue either cause the

female to withdraw or te with #g attack. tghip 1s




intermediaire bwetween the violent bahavior of the Camel
extreme caulion shown by certain te antelopes

116

idae and the

Males of species which evhibit cautious courtship behavior
{wountain poat, mcountain szheop: Geist 1904, 1971) have developed an
approach posture for use in sexual convacts which is the antithestiz
of their cffensive displav. to Ceist, these hava developed
in tho case ¢f goats te avold o attack which coold kifl or
cripple the male and in the sheep to eve from running from

the ram. Male wmuskosien do not have a 1]
their intentions in a sexual approach,

due to the fact that wlike goars, for exomnla, fonule
hardly capable of czausing severe iviury to the males o

Furthermore, sin

@]

the bull ard cow

ieate

LBK are

cntact

8 pe me s,
females becowe accustomed to the Luili's approach and learn o toin
an appropriate nnexw the harem zysien selects ageinst
unduz levels of male aggressiom becwuse these would be destructive fo
the harei itself. The gradual courtship seen in muskoxen tends to

preserve the i1ntegricy of thz havewm by aveiding sudden
relationshipy of the bull rtoward the cowe.

Yo short, the rajer Functicn of the excended conr
MusEKoxen scems to be to allow the ecow time to pabitueat

of the baell., Courtsiiip also nprovides Ilmmediate reward

drive to meincain the structure of zhe

copualiatdon,

chan in the
tship period in

ihe presence
for the bull whici

harem over the
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Muskox social orpganization

neiderabiy

with

Closed harem groups are in majer contrast
muskox herds tihiroughout most of the year,
Many of the greg-wious wungulates employ

breeding systen:

canadensis, Altmamm 1952, 1956a,

rupicapra, Alitwann 1956b, Krimer 1969), pl-oins zelra
mountain zebra (F. =zZebya), and Asiavic wild ars (D,

1974}, horse (E.

przawal'”

red deer (Cervus elaphus,

Siruhsater

(Gazedla pra walther 1955) and non-md
Dopmark 1964 to name a2 vew.  These
range of taxonovie groups and v

breeding stems,

oy

169 maintoias that
male. Downhower and Arwnitaps (1980; hav

increasing nushers of females

fitness of the male by introduacing fema

that for theiv st

ation, mOnGRan

In muskoxen neither of these lattex
peous for a Lull to brecd as many female
Hoewiver, thore ave cerrain cuaritication

physical

to the nuwber of cows in haven., Bul
balance during che rut. Teal {1939) aad

&}

Hubert (19

38

WV

[
~1

—

du

the open structure of

lone of the harem

riat

1927), Us
1947 7 cliaaois (:“.D__.:_i‘_

suecies

CoOvey 2

varvying halbitats, yet all
always advantagsous to the
that in certain zas2g
v reduces the relative

he harem actualls

le corperition.

“

certentions

waleh

Ls1Y]

irey cont end

he cptimnl female strategy.

It is advanta-

apnly,

ivl Oriszns suggests.

as
mes i
re sonewhat proportional

into ¢ pegative energy

74) huave shown that
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bulle lose weicht steadily

throughout the peiied of

Lot
@]

the rut even in

captivity. TFicure 28 shows how the timo allocaced Lo feeding aund
resting decliu~d and was supervseded by courtship activity., Herding

T

behavior places a siznificant aeviand on the bhull's energy resery
i {34 ,
particularly as barem size Increzses.  When this energy drain is added

to the requiremerts of intrasueciiic cowvit (which ig not a funcuion

of harem size) the rotal dewend may be extrena. In fact, 1t is possible
that a very fit bnwli =i rakes pezsession of g havemw carly in the seasou
may be so exhausted by the dewands of che rut that he could be dofzated
by a lesser buil. If a bull cxpends too much esergv during the rut he
mzy enfer the winter in such a depleted state that his chences fov

4

curvival would be reduce

OuT

LA i . P
ear is Jow, then his

following ¥

his reproductive effort in rhe one
nie death. is oA

1
ol

breed in subsesuent years, sTov

id

il

o
lasc

qu&ﬂ}éC

A
resuit In
rLu o

1imic nie

enargy expendituvre ir ordey o maintain sufficient physical reservas to
compete the noewt year., Since the demands of intraspecific combat are
bevond his control, the only wav ne can vary encsigy requlromenite ie in
his herding ¢ficri. Recause largety havews will fracture without the
cnstent ztventi rhe bull, che awount of energy the Lull iz able
to allocate te herding isposves an wpper limit on the size of the harem.
Females benefit from polveyny in several ways. By wmating with a
bull which tas proven his abiiity to deminzte other males they increase
the prebabificy that their male proseay «ill acquire the traits which
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are essential for male coune

odda that their male offsprinp will reproduce, they cuhance their own

relative fitnecss. During the rut herd hehavior is aloo important from

3

catf survival as it 1s at other

the standpoint of predator dof

times of the vear. Gray (31973) hes shown that muskoxen in groups are

essenrially ipvolnerabla to wolf attack unloss they take flight.

2 1 stated in preceding sectad

the herd's frigh

fortile cow will not have access oo a ool

Because the dominant m comavnntly monitoring the female

of courtship --

throughout her estrus cycle two o the ceneral prob

tihe detection of estmus and the syschronization of mele and fewale
behavior ~— are easily accomrclated. Thisc is reflecred in the fact

that fewmales do vet display elaboresre =igns of recepticity.

fa
G

[2a}

The Harem as |

Noble (1239) gave the following simple deliniticn regavding

territorial behavior: 'rerritory is a defendad area." Burt (1943, 1949

accepted thils but expanded upon it to distinguish territory fros home
- Thev oL . - h ] : 3
range. Home vange lg¢ the area uvsually avcund & homesirze, over which

the animal nermaliv travels in seaveh of food. Territory is the protected

part of the home rauge or only the nest. FEvery wind of animal may be




said to have 2 hLome range, stationary
protect some pavi of the Lome ronge
from others of their kird duvirg aons

to have territorics'" (Burt 1943

Carpenter an ex

the great variabil the behavior

display it and sugpested that

or

)
Lo

shifting, ouly those that

P

fiehitivg or agsressive gestures
ohase of theilr lives, may be said

¥

anong

rerrvitori

eview of the coucept rocoegnized

the diverse groups whic

[Z N

s

ity be viewed "pripsrily as a

behavioral sysziow which is expressed in a spatial-toupor frame of

vy . 11 - , . - o~
reference. Hnarem defense would soer

torial behavior.

fit into the general

md Fuer (14585 boih

territorial ativibures te the defensc oi a harewm. The ilwpoviant acpec
of teriviteriality is not that = specific geograpnical sree i cortrolled
but, as Graf {1955) points cut, the fact that an inaividual of a

species recognizes a space ag his excivsive preoperty and restricts access
to it.

Seen in thiz . scent marking by muskexen takes on a new neaning
Animals vith [iwed tervitories often uvse gcenit 29 sign posts to delineata
thelir torriteries.  The funcrion o8 these sign posts is to iatimidate
evcroaching weabers of the snenies. Bull muskozen wmark theiy own
bodies oy gland-robbing them when an intruder eanters the ares arcund the

harem. It is ¢omnen knowledpe that

Wil

may act 48 2 1} wwance that he

-t ey T
antmi s

Thereiors, this type of marking
home ground.  Although zlaad-

rubhing wo doubt has nore than one meswing {see Gray 1973) the analogy
to cerriterial markiny is siriking,  Mole veindeer yespond in a very




gimilar manner by depositing strongly scented urine on the hind legs

when avother bull approaches the harcen (Fspmark 1264),

Sexual Selectiom apd the Harca Bull

Muskozen ave species which exhibit strong sexusl dimorphism,
Data on weights of animals collzcted in the wild are scavce, pariilally

due to tha difficuities of waighing large anirals under fielid condd

o
(4
et
o}
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Wilkinscon (1973%) reports that mature cows are two-ihivds the welght

of noture bulls. Accordiug Jarman-Bell hyvpothosis (Jarwan 1¥0%,
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kell 1971, =28 cived in Geist 12735, optimum body zize for an uaguelate
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specics is a funciion of forage cuslity and abuandant

texas exiiolt *he samae {ood rasusnice, one would expect that they weuld

have evolved siwilar proportions if enviroumental facrers were the

.
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excluzlive determinuants. Glven Amadon's (16%%) premlse That body size

of fomales Ze a refleccion of
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