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‘ _ ABSTRACT
_ .
T, The be11 is a conspicuous and un1que structure

hang1ng beneath the Tower Jaw of both/ma]e and ferlale moose, '
Alces glces L. Sexua] dlmorph1sm was seen in the shape and
$1ze of the bel] Males demonstrated the greatest deve10pmgnt -
and vaniétfﬁhﬂ The Tongest bells vere fouqd‘gehera11y 0; young
i?&iﬂs 2 - -4 years old. Thg«dewléb-pqrtion_of'the male bell
Qﬁoaﬁened and the'taildparﬁiop shor'tened with increased age.
These morphoiogica] changesresu]ted partially from the loss of
all or'a bortion of the bell tail, probably by freezing. Fémales
Qenera]]y possessed a shorter, Tess conspicuous bell thgnhma1e§.
Bells on females‘older'than‘3;5‘yéars changed little in their '
'appear;ﬁce with iﬁéreasing'age and were similar mofphologica11y
to bells on year11ng males. '_
The dens1ty and rate of* growth of hair on the bell
weré.ex§m1ned'1n're1at1on to chang1ng bell morpho}ogy and loss
of “the bell tail. The densiiy of moose wihter iick;"Dermaeentor
albipictus, was higher on the distal tip of'the'be11 (Up to 11/
sz) than reéorded'in the 1iterature. The feeding aét{vity of
ticks may contr1bute to the 1oss of the bel] ta11 through freez1ng
The be]] d1d not appear to be a spec1a11zed organ for

glandular secretwon. ‘The bell consisted of an evagwnat1on of

hair-covered skin united by a derma]icorg;‘ Both sebaceous and
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eccr1ne-l1ke sweat g1ands were present in sk1n of the bell but -

L4

o they did not differ in number or appearance from those elsewhere

: 1n genera] body skin._ ﬁ1$'"

e

i A

The major blogd vessels of the«beli wncluded a single

bell rterx wh1cH orxgxnated from either the left or right

1zngua1 and a bell vein Joan1ng either the left or right 3ugu1ar»

beneath the skin in the upper neck.

. R

- The poss1ble importance of the bell as a visual cue - ‘
1n soc1a1a1nteract1ons is discussed: but a definitive explanation E* .
of the function of ‘the moose bell remains obscire. %
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thts study and perm1tt1ng me“to take 1eave of absence to .

f1nalize my study at Lakehead Umvers1ty§

Many pe0p1e ass1sted me in many ways during the col1ect1on N
peridd. My sincere thanks go to all of the hunters who w1111ng]y
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éonspiCuous,have,been déscribed in the neck and head-regions of male

~ INTRODUCTION

f Coe Y
The. moose, Alces alces L.; is the largest 1iV1ng cervid
and readily dﬁstingu1shed by its heavy body, Tong 1egt, 1arge ears,
shor; neck and unique dewlap or 'be11' (Herr1ck 18923 Petersqn 1955). .
This;hair-coveréd‘foldiof_skin arises venfra]]y from the inter—mandibﬁiar
area and hangs free from the throat regfon in both sexes (Gunderson
and Beer 1953; Burt 1957 Cahalane 1961). The bell can bé‘seen on all
four races of moose in North Amer1can 1nc1ud1ng A. a. americana
A a. cmdersom, A. a. shtrasz and 4. a. gzgas (Seton 19293 Peterson

1955,,Van,wormer_1972, Franzmann 1978). The bell is also present on

A. a. alees, A. a. pfia eri and A. a. cameloides in Europe, central and

eastern Siberia and th "Far East" respectively where it is referred to as f'
skjegg or "beard" in Scandinavia (J. Lykke, 7660 Vuku, Norway, personal -

communicafibn to A. B. Bubénik,'Ontario Ministry of Natural Resources,

Soythern Research Station, Maple, Ontario 1978);‘B§rtzapfen or "cone-Tike-

beard" in German (Zschetzsche 1959); 'ear-ring"as translated 1itefa]1y‘

~from Russian (Kozhukhov 1965) and "pear with long, hair-like beard" from

Chinese (pers. cémmi; Peking Zoo; 1978)6- The distinctive appearance of
the bell was even depicted in rock paintings of moose by neolithic
hunters in the Lake Baikal area as long ago'aS'three to four thousand

years {Vereshchagin 1967) énd by North American Indians in rock e

paintings in the Great Lakes Region (Dewdney and Kidd 1967).

Pendulous structures,similar to the bell, but usually less

L]
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antelope .including the Indian’ n1Tga1, Boselaphus tragocamelus

“'Bla1nv11]e, African eland, Taunqiragus spp. and ma]e goats such as

Chpra‘ibex L. and C. hircus.L. (see Grassé 1948; Dorst and Dande1ot'

- 1970). The males of‘several hacee of domestic goat derived from
. . 9 . ’

€. hircus carry a vary%ng number of skin appendages on the lower jaw

»

. {Darlington 1957) and the beard on old male markhors, Capra faleoneri L.,

extengs from the chin down the underside of the throat (Drimmer 1954).
A dewlap is a]so seen 1n-ma1e African bovids including the nya]a,
Tragelaphus angasi Gray and the blue wildebeest, Co;nochgetes‘taurinus

(Burchell) (see Dorst and Dandelot 1970). A conspicuohs mane is seen

+ : e T

along the underside of the netk of ma]é caribou, Hathfbr taranﬁus
caribou (Gmelln), (see Bergerud 1974) and on both male and Fema]e Amer1can

bison, Bison btson L. (see Lott 1974). The Rocky Mounta1n goat,

~ Oreamos americanus Raf1nesque, has a beard of stiff ha1rs on the under-

’

side of the chin in both sexes (Geist 1965). v

The African Ehevrotain,‘Wyemoschus aquaticus (0Ogilby), has a
glandular area beneath the lower‘jaw, hetween the throat and the,chin
(Dubost 1975). H. aquaticus is a traQulid the group from which'modern
bovids and cerv1ds are thought to have evolved (Vaughan 1972) White-
ta11ed deer, Odocoileus vtqunzanus borealis M111er, have a skin
protruberance carrying tact11e hairs in this region under the jaw .

(Bubenik pers. comm., BW77). Lott (1974) quotes Propst (pers comm. 1971)

who observed feral billie goat Capra spp. on Cata11na Island, California

urinating on their beards at certain times ot‘the year. It is possible

that the chin gland of the ancestoral tragulids and beards, neck manes
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and dewlaps max,functibn in some way to produce or broadcast olfactory
cues to conspécifics, Certain glands on the head of pronghorn antelope

Antilocapra americana Ord, (see Kitchen and Bromley 1974), Maxwell's:

_duiker, Cephalophus mazwelli (Thiinberg), (see Ralls 1969), black- .

tailed- deer, ﬁd’oct::?,Zeus hemonus cczﬁumlmcmus (Richardson) (see Quay

and Mu11er—Schwarze 1970) and” caribou Rangifer spp. (see Quay 1959)

‘qre thought to play a role in olfactory commun1cat1on

The bell seen on moose may funct1on s1m11ar1y in olfactory
commun1cat1on (Fitzinger 1874; Zschetzche 1959) but several other
exp]anat1ons have been offered to 1nterpret its presence. Vereshchag1n

(1967) believed 1t helped to protect the gullet from excessive cold \\

~when mogse bedded on the snow. Herr1ck (1892) implied 1ts ‘purpose was

pure]y ornamental. Buben1k (pers. comm. 1977) suggested the bell may
be a thermoregulatory organ or serve as a “visual cue in social inter-
actions aiding to distinguish male, female and %mmature animals during

the antlerless period Seton: (1929) and Bubenik (1973) speculated that

the bell in present day moose may be a vestigal organ wh1ch through

/
evolution has lost its or1g1na1 function and no 10nger;serves any useful

2t
¥
A N

purpose. ‘ ‘
fhe dbjective of the.preéent study‘hes to detehmine any

morphometric di?ferences.in_the bells of ha1e~end‘feme1e moose of

different ages,.to investigate:the\éeye]opment, histology ahd'vascu1arizatiqn

of the bell and finally to speculate on ifs possible’funEtion.

2




MATERIALS AND METHODS

S .

fThe heads of 427 (235 44, 192 QQ) moose killed by hunters

- and vehicles in the North Central Region of Ontario from 1975-78 were

examined. The sample inéjnded animals of all ages (some whole fetuses)

" killed throughout the year but detailed measurements of the be]]-were

taken from only 338 (177 &} 161 99) speCimenSTShot during the hunting
season (October 4 - December 15) of 1976 and: 1977 (Appendnx 1) A
reference number, sex, date killed and est1mated wear c]ass age
(Passmore et az 1959) were regorded for each an1ma1 A more prec1se ,
age for most an1ma1s >5 months was Tater determ1ned by count1ng
cementum r1ngs on central 1nc150rs (Sergeant and Ptmlott 5959)

Heads, usually severed from. the body between the(atlas and

‘é
ax1s, were p]aced left side down onh a: flat sheet of heavy wh1te paper o

1m 2
A profile of the bell WIth hair (WH) was then drawn w1th a penc11 or
1ight- felt marker. Four reference po1nts 1nc1ud1ng the angle of the -

P
Tower jaw, txp of the lower 1ip, the ]ocaiion of the skin at the distal

end of the be11 and t1p of the 1ongest hawrs hang1ng from the distal

end were included on the draw1ng (F1g 1. \The\ha1r on the bell was
removed by cutting to w1th1n 0.5 cm of the skiin us1ng “heavy-duty
electric clippers (Sunbeam clip master mode] S]OA) The head was
replaced on the or1g1na1 draw1ng and the profl]e of the'c11pped bell
without hair (WOH) was traced. The bell was then cut from the head

along the edge of the lower mandibles and examined for external scars,,

»

. The ha1r covering the bell. was, spread in a normal hangxng position. .

EY

e

‘x




Fig. 1.

W

Be]] of moose drawn in normal hanging pos1t1on with hair

‘(NH) and w1thout hair (WOH) prof11e The four po1nts()

(A, B, C, D) were used as reference marks. Eight additional

: arb1trary reference points { A ) fac111tated morphonk\r1c
‘ana1y51s. These included; Jaw Tength - AB; bell length (NH)
- gD; be11.fength (WOH) - gC; dewlap length (WOH) - go;

Tail length {HOH) - oC; hair 1ength - CD; in cent1meters and
bell area (WH) - A1JDeA, be]] area (WOH) - A1hm1CknfeA
tail area (NOH) - miCkn; and dewlap area (WOH) - A1hmonfeA

in square centemeters. Dotted lines indicate the regions

,from which tissue sectionsand hair density samples were

“taken.

b







fo]ds 1n the skin, growths or denuded patches and p]aced in

10% forma]xn for, future reference.: o
A standard method osAnumericaliy computing and compar1ng
bell morphology was established (Fig, 1).. Measurements 1nc1uded jaw ‘ e
‘,1ength (AB), bell length with hair (gD), be]] 1ength w1thqut ha1r (gC),
bell tail length (oC), hair length (CD), dewlap 1ength“(go), area of
bell profile with hair (AijDeA), area of bell profile without ha1r

h(AfhmlenfeA), area of bell tail without hair (miCkn) and area of dewlap

e hithout hair (AihmonfeA). The Junction between'dewlap\and tail portwns.,.E 4

%\"*; "’ ".».‘n A

of the bell.was arbitrarily def1ned as that potnt a1qg? qts Iength (mnﬁ 3\: :g"‘ﬂ

where- the bell was twice its m1n1mum width (lk) Areas were measured

a

from the drawings us1ng an e1ectron1c plan1meter (Electronic graphics -
calculator - Numonicstorp Landsdale Pa..mode1 276 137)', Samp]e s1zes
used 1in subsequent ana]yses varied toga sma]] extent since-all standard

measurements could nbt be taken fronr%very bell. ' o : T e,
: e z'
The rate of ha1r growth was 1nvest1gated during the per1od e

B

September 27 < December 30, 1978 using a capt1ve maLg moose 1.5 years

; old. ’ Hair at the term1na1 tip of the bel] was clipped to within 2 .
m1111metres~of the epidermis on September 27th Samp]es of the’gfpwxng |
clipped hair were extracted with hair bulbs attached a;.approx1mate]y
2 week 1ntervals to December: 30 Control samp]es of unc]ipped growrng o

.....

" hair in the adJacent tail area were alsa removed and the1r lengths

1

A Duncan 5 mu1t1p1e range test (Puncan 1955) was - emp]oyed for

compared to clxpped samples.

Ey

each sex to separate the rank year classes for each of the,ten~characters_;;' . {
measured, A - ft‘l‘f” ‘“ffi3”g- |
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‘ exam1ned h1sto]og1ca11y

0P,

pr1mary and secondary hairs c11pped from sk1n samples were couqiﬁgsin }W‘””;é

a, grldded Syracuse g]ass us1ng a d1ssect1ng m1croscope. , ‘;Tf, ’ i

E k; ‘Demacentor aszpzctus, were. Ounted On “

.«pdrtmn of 22 ’malé-* and 32 Qfemgile BT coneeted" from . \

Octobet 11 to December 15, 1977 and ,1‘975: The taﬂ. qf the beTI. |
i;@iihd}%ﬁﬁadrdxas gut‘traﬁgxer;egy' B 1° an dfsfa?wﬁaiyes.n;\//w

;%mﬁl . p“""ix-

The prof11e Ofeeaéh half. was(eraced ow apeF " The . gred ef the ﬁrofxle

was measured using an electron1c pTanmmeter and the measurement

doubIed to obta1n the tota] surface area.‘ Each half was dwgested

separéte1y u51ng a- 5% solut1on of sod1um hydrox1de at 60°C for 24-4

/\”’ '

to disso1ve hair andjboft t1ssue (Add1son et al. 1979)3‘ The resu1t1ng .
f1u1d was stra1ned through a 0 5 mm mesh T1cks were not damaged by
the d1gest‘treatment They were washed from the mesh and the var1ous t

i ,\‘:‘;{‘

developmental stageg counted using a d1ssect1ng mxcroscope.» @ﬁu, i

r‘ ;
‘\ﬂ‘ b
. -

Samples were cut transversely from“the

a11 ages. The t1ssue was f1xed‘1n buffered forma1ih denydrated 1n

\ [N
2 I

“an ethano] serfes, embedded in paraff1n ahd cut at 2 th1ckness of, ’ﬁfﬁi
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B o
Cldet . g

e
2

JE ST “’)‘ g examined histo‘iog‘icaﬂy Sk1n samples from the upper cheek an‘d

=;zw:~,wtar?a] g'land of a fa‘ll killed animal were prepared similarly and

.1 j(\ compared to bell tissue. Lﬂhes a-b stain (Li1lie 1954) and Harms

hematoxyhn eosin ‘were used routmely -Special stams mc]uded TR

"A Q. e

; &;e “:9 ﬁ“‘. ac1d J‘

Wb

uco fuchsm or Sch1ff's reagent (PAS) to 1dent1fy

funguwi’nfec’ewn and carbohydrates; Martws yellow-crystal scar]et i

am'hnewaue (MSB,), to emphasxze musc]e, keratm and cytoplasm;

"A

LIS

R S The vasculanzam"n of the beH W‘s exammed by gross dxssectmn

S 5{ fonovnng the 1naection of ~v"my1 acetate (Nard s Natura1 Science

N, L and by \X-ray phptography, hufe heads, freshly kﬂled or frozen, were

v
g

B é o ; Ieft at rdgm temperature, 6&005) for several days allowlng clotted blood - 4
e in vesse]s t{) hquy A teﬂon med1cut (Argy]e Co.) with a 12 gauge E '{‘

.9

. AR 'f o F1u1d was m:;\ect:i)using a 50. tc syringe. Initiaﬂy\,éz

’ | ‘ (100 cc) of Srali was inaected tg force remaimng blood but ‘the opposite 1

r"'
n‘

t 8 e
and qut f’on 15 mi’ v

et :\,,_ o B was then mjectt¥ es before 1njecting acetone - ‘

FA A . .
% “ B L s ; ‘ , B

\ M .
-—-—-—uwo- - i ' . L ’

”.carotld or from _th? t1p of the Bgf;‘pwhich had been cut off Formahn e :

t BN e ol

: sma‘n \volume ‘( .o



fo]]owéd“by red vinyl acetate. If resistance to the acetate injection

~was encountered on one s{de of the head, the catotid artery on the

opposite‘side\was injectedﬁ!jifnaljy, thefcarotids were tied off and

hemostats c]amped on the beif‘tip to prevent leakage fron the vesse]s.‘
‘ZA s1m11ar procedure was used in injecting bar1um sulphate (suspens1on
.. of Bdhosperse, Ma]linckrodt Corﬁ') pr1or to taking X-ray photographs.
| iiThe veneusasystm dn severa] spec1mens was traced by expos1ng both

‘anterlor sub11ngua1 ve1ns and Hack Jnject1ng with blue v1ny1 acetate.

Double, idjected heads w1th skwn removed were placed 1n 2 4- 10% v

L

jso1ut1on of potas1um hydrox:de to remove soft t1ssue and expose a v
~ cast of. the c1rcu1atory system. In addition, a number of se]ected ) o

 '_be11s (HGH) severed from heads were 1nJected with v1ny1 acetate and

i,

barium su]pha&e us1ng #21 butterfly need]es attached to a 10 cc syr1nge.

.r;kThe soft t1ssue\of v1ny1 acetate 1nJected be11s was d1gested in a 5” f

?w

A ; .
so]ut1on of sod1um hydrox1de at 60°C for 48 hours. Those lnaected

e

"w1th barnum su]phate vere. X-rayedmalong w1th bangqm 1n3ected heads at

v
quw ach1ne. Dupgnt chrone& 4

(Ax

imv‘size Jé
5 \r 1’ %

plus™ scneens ‘and a grid were used '\hoie headsmreqdhikd an expdsure

N, s ;\

time of 14 seconds at 70 kvp, J15 MA at a Z\metre foca1 1ength wh11e ‘1

K

McKe11ar GeneraT Hospwta1*1n'Th£S;er Baytusing aihﬁ ker 300 MA portab]e

( 36 anh along with H1

_ X-rays of bell tissue were taken atsBO KMP,,ﬁS MA,for 1/2 second ‘ffff o

i
(
SRR N
N

. - -

e e a e aa ama e
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RESULTS o

In order to maximize the number of an1mals in each age

'ﬂ c]ass for ana]ys1s, it was des1rab1e to combune«data collected in

both 1976 and 1977 A mean1ngfu1 compar1san bf bel] measurements

'“ﬂg between the two years could on]y be done w1th animals in the age

vclasses 0. 5 - 4.5 for which there were sufficient moose examuned

each year. A two-tailed F test (Nie et al. 1975) revéh]ed no

significant d1fferences in bell measurements (Areas of bell WH, WOH,

tail and dew]ap:and(beIT;tail length) between animals of the.same

age and. sex co11ecteq,jn fhe‘two'years. The number of animals in.
older age categorié§‘&as fu%fher increased by grouping 5.5 and 6.5~

year—olds, 7.5 to 8.5-year-olds and all animals 9.5 years and older

The jaw length is used here as an 1ndex of the relative s1zel )

of ‘each animal. It also influences bell measurements directly since
the 11ne AB, represent1ng the jaw length on the head trac1ngs, formed
a port1on of the prof11e used to calculate ithe area of the bell

(Fig. 1). There were no significant differences between the Jaw
lengths of males ‘and females of all-ages ( P < 0.01). Thebjaw 1eng;h
of calves was distinctly shorter than that of"o1der animals (Table 1,

’ Ld
Fig. 2). The jaw appears to increase in length in moose up to 3.5

or 4.5 yr but no valid statistical differences were seen in the length-

" of the jaw of animals older than 0.5 yr.

It was suspected that moose hair grows rapidly during the

fall and early winter and could substantially influence bell

o
‘
S
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| _ | R
JABLE "1 , Length of lower jaw of moose examined
Male S ) Female
;Age (yrs) N Mean {cm)* N Mean (cm)*
0.5 . 24 36.8% 3.0 20 36.5% 3.4
j . (32.5-45.8) - (30.2-45.0)
1:5 . 51 a5:6% 3.1 47 452 2.8
(37.0-52.5) (37.0-50.90)
2.5 30 47.2% 3.4 20 45.9% 3.7
Z ~ (40.6-55:2) (37.4-53.0) .
3.5 26 47.3% 3.7 10  48.4t 2.3 ¢
; (40.0-54.0) - (46.0-52.0)
N ) - R o
4.5 7  49.4% 2.9 12 . 48.7t 3.0 .
. (46.5-54.0) (45.0-53.5)
(5.5-6.5) 18 48.3t 2.4 15 '49.5% 2.6
: (43.0-51.0) ; (44.5-53.8)
(7.5-8.5).- " 3 45.1% 6.8 8 - 47.8t 2.8
(37.6-50.7) (44.0-53.0) |
9.5+ i 47.7% 2.2 18 46tz (
. . (43.5-51.0) (44.5253.8)
\ " -
»

* Meén, Is. . (range) ;
ANOVA (1 way) - Between age classes . b
dé Jaw Jength F = 31.52 Rangé Test

0.5 (7.5-8.5) 1.5.2.5 3.5 9.5+ (5.5-6.5) 4.5
0 0 Jaw length F =37.95 Range test

0.5 1.5 2.5 (7.5-8.5) 3.5 9.5+ 4.5 (5.5-6.5)

Note: Mean valyes for age classes arranged in ascending order of
magnitude. Age classes not underscored by the same line are
signifi&cantly different (P<0.05).

.{H
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Fig. 2.

~ v K . B}

Length of the lower jaw of moose ‘in relation to sex
and age. The horizontal bar indicates means; vertical bars,

95% confidence Limits; vertical bar enclosed by curve, one

~ standard error above ‘and below the mean. Sample sizes are

indicated for each age group.
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fmeasurements. The rate of hair growth at the'ehd of the~bei1 was
; examined on a 1.5-year—o]d captive male. The mean increase in
length of clipped and unclipped hair dueing the 94 day perﬁod was
;§%§ cm. (Fig. 3). However, the hair grew 2.8 cm. from October 4 to Ve
- November 6, the period in which 77 percent of the be]ls were ' B
collected in 1976 and 1977.
| To determine 1f the hair growth during the collection.
N perfoﬂ influenced be]] measurements takeﬁ_from ﬁééd trecings, the .
}ength of hair and area of bell with hair from animals taken_eerly
in the hunting seaeon (October 4 - November;ﬁ) were compaeed with. =
those taken later (November 7 -'December 15)- “Subsemp1es fromq
1976 and 1977 for this comparison were of suff1¢1ent s1ze (= 4) 1n
only 4 age groups (0.5, 1.5, 2.5, 3.5); females; 0 5 yr, from 1976 (N=\)) were
' exc]uded The length of the hair as measured from the trac1ngs did d1ffer
s1gn1f1cant1y (P < 0.5) between ear]y and late ma1e ca]ves in both -
1976 and }977, male yearlings in’ 1976 and fema]e year11ngs in both.
1976 and 1977. The bell hair on: an1mals killed late in the season were
5 -‘50Apercent longer than hair on animals kii]ed early. There was
no dif?erence in the hair length between early and late female ca]Ves
"orimale yeer1i;gs taken in 1977. Tbese anajyses also demonstrated
that the mean Temgth of the hair on the tip of the bell was similar
in males and females of all ages tested (Tab1e‘2). A sj nificaht
difference (P <’0.05) iﬁ the area of thie bell with hair was only seen
between early andflate male calves of both 1976 and 1977 (up to 50%

increasei. but not in female calves, although sample sizes were small.

t




Fig. 3.,‘Length'of clipped and unclipped hair sampled from the tip

of the bell tail of a 1.5 yr-old captive male moose at

intervals from 27 September - 30 December, 1978. Vertical

4

. . ‘s .
lines subtending sample size indicate range of hair
measurement; horizontal lines indicate means. A = difference

in mean hair length between 4 QOctober and 30 December.

B = difference in mean hair length 27 September'ahd 30 Decembet.
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6 6 ir length
0.51.5 3.5 9.5+.(7.5-8.5) (5.5-6.5) 2.5 4.5

= 2.76 Range Test

Q)Q Hair length

= 1.38 Range test

©0.52.5 4.5 (5.5-6.5) 1.5 9.5+ 3.5 (7.5-8.5)

Noté:‘ Mean values for age classes aFranged in ascending order of

" magni tude.

significantly d]fferent (P=0: 05)

TABLE 2 . Length of hair at the d1sta1 end of the
’ mgose be]] ' .
Male  Female
Age {yrs). N Mean (cm)* "N Mean (cm)*
0.5 23 651f 1.6 20 6.5" 1.8 "[
. (3.5‘ 9.3) (2.5-10.7) ;
.o o AR +
1.5 .52 - 7.0~ 1.9 48 7.4- 1.8
| +(1.9-10.6) -~ (3.0-11.8)
2.5 30 8.0% 1.9 19 6.6% 1.8
o (4.0-11.5), © (3.8-10.6)
3.5 25 “7.2t 1.8 10 8.0%f 2.5
S { (4.1-11.2) (3.1-12.0)
4.5 6 8.2t 1.3 11 S 7.1% 1.0
© " (6.5-10.0) | (5.6- 9.1)
(5.5-6.5) 17 7.7t 1.6 15 7.3t 2.5
: (5.0-10.2) ‘ (3.0-12.2)
. (7.5-8.5). & 7.6 2.1 9 4 8.0t1.1
\ o © (5.3-10.3) L (6.2- 9.6
~ 9l54 8 - 7.3t 1.5 19 © 7.8t 28
o N : (5.1- 9.2) | (3.0-12.0) -
- Y o ; L
o M F i
- * Mean, - S, (range)
ANOVA (1 ay) - Between ade c]asses

Age classes not underscored by the same 11ne are

g

15
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‘ ’ It~is fpcognized‘that both increase iﬁ'sizé’of moose and -
seasonal growth o% hair during the collection periéd influenced’
be1l measurements% The effecf was Undoub;eq1y greatest in calves
yet the mean bell‘measurEmehts of calves still remained distinct
from other age groups. An arbitrary decision was made therefore, to

ignore these increases. in bell measurements during subsequent

_analysis of data.

The bé]] of male moose was signfficantly Tonger (P < 0.05)
than female bells except on‘gnima1s older than 6.5 yr. (Tab1e5_3 and 4,

Figs. 4 and'5). The longest bell measured was 66.5 cm from a 3{5?year—

~old male. 'The longest bell on a female was 40.8'cm from a 12.5?year-'

T . } S : ! iy .
old animal. * The bell was progressively longer on males up to 4;5 yr

but was shorter in older males. The tail portion of the bell became
progressive]y 1ongér on males and fgma]es upst6‘3.5 yr but was shorter
in older males apd changed jitt1e'in Tength on older femaies (Taﬁ]e 5,
Fig. 6). The de ap portion of the bell changed 1ittle in depth éﬁf'
females = 3.5kyr (Table 6, Fig. 7) but ipéreased significantly in’m&]es
7.5 yr. f | "
The profile area of the male bell measured bpth with ha}ﬁ_
énd without hair was grea?ér than the area of female bells in all ége

groups (Tables 7 and 8, Fig. 8). The area of male bells increased

'QWXVMith ‘age, being greatest in older animals. ”The,area of the dewlap f;

portion of male bells also increased with age but theiaéea of the tail
decreasedvin‘males older than 3.5 yr (Tables 9 and 10, Figs. 9 anq']o).
The area of the bell increased on females up to 3.5 yr. and showed Iittie

futher change in older animals. .

16




™
TABLE 3 Lengtﬁfof the entire moose bell with hair
. Male o Female - ‘
Age (yrs) N Mean (cm)* N ol Mpan (cm)*“
0.5 o0 . 231t 4.2 20 1.2t 30 b
v - (15.7-33.4) - (14.5-26.0)
1.5 Bl 32.4t 6.1 47 24.6% 4.5
' (20.2-49.2) (15;4—33.0)
2.5 . 29 34.8t 7.1 20 26.8% 4,3
L (18.0-51.5) - (20.2-34. 0)/
3.5 25 38.9% 8.8 10 30,4t 5.6
| - (2229-66.5) (19.0-38.7)
4.5 7 42.1% 8.0 1 28.3% 3.4 .
: (32.6-56.7) ' (22.@;39.5);
(5.5-6.5) 18 35.8i-7.2 S5 28.5f 46"
4 (22.6-47.0) (21.0-37.4)
(7.5-8.5). 3 34.8%11.0 8 27.3% 3.8
. (27.0-47.3) - (22.9-34.7)
9.5+ . 8 32.74 5.1 18 30.0% 6.7
© ' (24.5-41.0) (1€.2-40.8)

~* Mean, : S. D. (range)
< ANOVA (1 way) - Between dge classes

8 6 Bell Tength F =12.45 Range Test .
0.5 1.5 9.5¢ (7,5; .5) 2.5 (5.5-6. 5) .3.5 4. 5

0 0 Bell length F = 8.71 Range test
0.5 1.5 2 5 (? 5 8 5) 4 5 (5 5 6. 5) Q 5+ 3 5

Note:  Mean vaTues for age classes arranged in astend1ng ordpr of
mdgn1tude Age classes not underscored by the same Tine are’ .
significantly different (P==0.05). ‘

t 4




I ot e

h : 38 391| 1enathu F 9.70 Rdnge IL‘ “ a)l :,:'

~. _253.3‘ 0.5 1.5:(7.5-8.5) 2.5 (5.5-6.5) 4.5 9 5+ 35,

’f‘ u“:’ ) - R
TABLE 4 . Length of the entire moose be]] measured i
‘ - w1thout ha1r : 5 ‘,qj -
: o Male 3¢Amgl;” o Femaie o L
Aqe (yrs) N Mean (cm)* N ‘ﬁr\Mean (cm)* R
0.5 ,'23 Coczatas 0 ko ocaartas oo T 4
S (10.2-25.0) - (10 0:20.1) - -
1.5 » 51 - 25.4% 6.2 a7 f, 7.3t 4.4 :
(12.0-41.2) (8.7-26.5) :
v‘ . - V' . + i .‘ l+‘t",j“ e .
2.5 29 27.8% 6.7 19 - 20.37:4.3,
| (10.5-41.9) = © (13.0-26.6)
3.5 26 32.0% 9.0 10 0 g2.4iale ‘
: (17.7-60.7) - (14.0-29.3) |
4.5 . . 6 31.5% 6.3, 12 e1stag e
Cme o {e2.6-40.8) ;‘;54(15,7-25,4) g
(5.5-6.5) 18 ' 27.657.5 . 15 ¢ .21.28 33 I

(16.3-42.0) (16 3-27:0)

(7.5-8.8), 3 26.9t9.1 - g a9.2tag \
ST T (0a0) e (180026.5) R

9.5+ .8  25.4ts58

| chpatsg 0 .
(15.5-34.3)

*‘xﬁg(13‘2 32. 0) e T

AR i e ke e S e g R o - oo 1) e e

* Mean, - S D. (rdngo)

ANOVA (1 way) - Eothon age (Td%ﬁe% e

O

0 5 9.5+ 1.5 (7.5-8.5) (5.5-6.5) 2.5 4.5 3.5 i
‘Q Q 8911 TGnqth CF's 8.28 Range test a

ST T RS ETIIE IR ,,%:—m*ﬁ»ﬁ..m

Nutc Mean va]uos for age classes arrdnged in" ascendxng )
f; o magn1tude Age classes not under%cored_by{xhe ﬁamq 11ne are !
)ngnlfi(dnt1y different (P=:0. 05). 3 i, v [T
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Fig. 5. Length of entire moose beIiﬂwithout*ﬁéir (WOH) in relation.

to sex and age. Ver;ital‘lines shbténding sample siggs
indicate 95% confidence limits; horizontaT Tines fndibgté‘

means; vertical lines enclosed by curve indiCate\qhe standard

., ‘ error above and below the mean.
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TABLE 5 Length of the tail portion of the mooséf5e11
' measured without hair

4

Male , Female
“Age (yrs) N - Mean (cm)* N Mean (cm)*
0.5 24 9.3t 2.2 20 g.1f 1.9
- ( 5.5-12.9) ( 5.3-13.4)
1.5 58 ©  13.7% 4.2 50 9.3t 2.5
(6.3-26.0) . ( 4.5-14.3)
2.5 30 16.1% 4.5 19 * 11.3t 3.1
L ( 5.9-25.5) . ( 5.8-17.5) .
3.5 25 17.5Y 5.9 11 11.3% 2.6
. . { 6.2-36.5) - (6.9-16.1)
4.5 7 13.7% 5.9 13 11.5% 1.9
. ( 3.2-20.2) ~ (8.4-14.4)
(5.5-6.5) 19 15.5% 4.9 15 11.9% 2.1
{ 5.6-22.2) , ( 8.5-15.5)
(7.5-8.5). 3  12.3*3.0 - 9  11:3¥ 2.6
: . { 9.0-15.0) ( 7.2-16.2)
9.5+ ‘g 11.4% 2.7 19 1.4t 20
~ ‘ ~(9.1-14.8) | - (7.0-18.2)

<

* Mean, Is.p. (range)

-ANOVA (1 way)x—’Bebween age classes

- v .
¢ 6 Tail length = F = 7.67 Range Test
0.5 9.5 (7.5-8.5) 4.5 1.5 (5.5-6.5) 2.5 3.5
9 Q'Tail Tength F = 6.05 Range test
0.5 1.5 (7.5-8.5) 3.5 2.5 9.5+ 4.5 95.5—6.5)

“Note: Mean values for age classes arranged in ascending order of

magnitude.. Age classes not underscored by the same line are
significantly different (P<0.05).
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Fig. 6.

b
i ~

Lengfh of”the_be11 fail without h&ir‘(WOH) in Eelation _
to sex and age of moose;‘ Vefticai Tines subtending sample
sizes indicate 95% confidence limits; horizontal lines
indicate means; vertical lines enclosed by curve indicate

one standard error above and below the mean.
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TABLE 6 Length of the dewlap portion of the moose “bell

measured without hair

Male ‘ | Female
, 3] )
Age (yrs) N * Mean (cm)* N Mean (cm)*
0.s . 23 - 7.7% 2. 20 - 6.572.1
~ (3.6-12.5) ‘ (3.1-10.2)
1.5 51 11.6% 4.0 47 - 8.0t 3.2
, : ('3.5-18.8) (1.4-17.2)
2.5 29 12.2% 4.6 19 9.0t 2.7
| - (3.8-22.8) .. (5.3-13.7)
3.5. 26 15.2% 4.7 10 11.0%72.4
: ( 6.1-24.5) (7.1-14.0)
4.5 6 16.1% 4.4 12 9.7t 2.2
(12.7-24.1) | (5.9-12.0)
(5.5-6.5). 18 . 13.2Y 5.4 15 9.3% 2.3
‘ 1-5.5-24.0) (5.5-14.7)
(7.5-8.5) - 3 22.6% 3.2 8 8.1% 2.3
-  (19.0-24.7) (5.2-10.5)
9.5 8 19.72 5.9 18 11.8% 2.8
| ;o (10.4-30.0) (4.0-23.5)

* Mean, ! S. b, (range)
ANOVA (1 way) - Between age classes
§ 6 Dewlap Tength F =11.9 Range Test
0.51.5 2.5 (5,5-6.5) 3.5 4.5 9.5+ (7.5-8.5)

09 Dew]ag*]ength F = 5.6 Range test
0 51.5 (7.5-8.5) 2.5 (5.5-6.5) 4.5 3.5 9.5+

Note: Mean va]ues for age classes arranged in ascending order of
magnxtude ‘Age classes not underscored by the same line are
significantly different (P<0.05). ‘
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Fig. 7. Length bf dewlap portfon of the bell without hair (WOH) in
" relation to sex and age of moo§e: Vertical lines subtending
- ",l samp1é sizes indican 95%;¢onfidence 1imits;.horizonta1'1fhe$ N
" indicate méans; vertical lines enclosed q& curve indicate’ ,f'f“wim R

~ one standard error above and below the mean. -
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.Profile area of the ent

TABLE 7 ire moose bell with
' hair , !
e Male o _Female ~
- Age (yrs) N Mw N Mean (cm)*
0.5 .- 24 X 439-126 20 401-100
- - ff’(215;716) (258;611)
1.5 51 6622146 47, 5412124
S (331-971) ' (306-795)
: / _
S 2.5 290 '699%103 4 20 | 589%152
R (324-983) (367-903)
25 803%191 10 700%187
(473-1146) . (403-1006)
‘ 7 830+143 11 626148
. (661-1041) . -(442-843)
18 783117100 15 - 617+162
(543-1085) (342-935)
3 1039185 8 648146
. (904-1249) (460-897)
9.5+ 8 834+134 18- 6528177
(661-981) T (226-939)

* Mdan, Is. . (range)

ANOVA (1 way) - Between ége classes

38 Profile area

F =14.74 Range Test
0.51.52,5 (5.5-6.5) 3.5 4.5 9.5+ (7.5-8.5)

g g Profﬂe area

F =

7.08 _Range test

0.51.5 2.5 (5.5-6.5) 4.5 (7.5-8.5) 9.5+ 3.5

" Note: Mean values for age classes arranged in ascending order of

25

magnitudg. ‘Age classes not underscored by the same 1line are °
significantly different (P<0.05).:
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TABLE 8 Profile area of the moose bell measured
' w1thout ha1r ! »
, 7 Ma]e . _Female -
Age (yrs) N Mean (cm)* N Mean (cm)* .
0.5 23 " 205% 58 20 203% 53
o (131-349) (115-280)
1.5 51 3372102 - 47 2785 79
L (115-585) 1 98-433)
2.5 29 357%119 19 302t a4
(161-582) (156-448)
‘3.5 26 4321111 10 345% 77
- ' (184-643) : (224-487)
4;5 6 nrt 76 12 3325105
o (332-526) (215-522)
©(5.5-6.5) 18 3972109 15 304 79
I (165-627) (165-454)
(7.5-8.5) . 3 599% 60 8 307% g6
(5452664) (184-420)
9.5+ 8 - 4991104 18 356-110
*(402-692) ~ (138-544)

* Mean, Ts.p. (range)
ANOVA (1 way) - Between age classes
48 Profile area F = 13.16 Range Tést

0. 5 1.5 2. 5;&5 5-6.5) 4.5 3.5 9. 5+ (7.5- 8 5)

Q Q Profile area F = 6.03 Range test
0.5 1 5 2. 5 (5 5 6. 5) (7 5-8. 5) 4. 5 3. 5 9 5+

- Nate: Mean va]ues for age classes arranged in ascending order of
‘ magnitude. Age classes not underscored by the same 11ne_are

e ety

N

-significantly different (P<0.05).
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hair (WOH) in relation to sex and age qf moose. Vertical
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ST  MOOSE ben measured w1thout haw R
L{hilei_?. m&kgfgméig;ai;;;%
. . Mean {cm
4 230 204% 57 0
L (110»323) u 3( 92—268)
| 53%‘3 301t 99 " 258t 80
¢ ( 85-534) . (, 80-413) |
28 aoéf117 277t B .
A (106-543) (133-418) »
bo26 0 ,390%110 - 316% 74 i
B (141 602) (205 461) -;;71
- ef,i Sty e - 7308%109
| (296-482) 1(184 -497) ’
~18’”;“ detia ¢ 277t 78 .
S (139 594) e (139 435)
3 585% 40 "Q‘%fsl 278t 88 ‘l‘ ’
o (ag5ee2e) L (164—379) |
8 48rtios L7 e 319t .
' (375-692) e s (117-505) : :
. bt e — - - H ' . A"/ ' st ; 1 . g:‘
o A R v"* Mean < S; (range) e RS . &
o . ANOVA (1 way) - Between age’ c1asses - ‘ "
; : ‘ *‘Z“ vt S J\ i
Lo (316 Profﬂe area F =13.1 Rdnge Test - BT L
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o Q Q Profﬂe area F = 5. 35 Range e G o
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. o Ve . L ‘ - u i | ! R
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Profile area of the tail portion of the moose

(14.8-44.4)

> Mean, Ys. . (range)

TABLE 10
. - bell measured without hair
Ma]e o __Female
Age (yrs) .. N Mean, (cm)* N Mean (cm)*
0.5 . 24 21.6% 5.2 19 18.4% 5.1
: ‘ (10.7-31.4) 4 (.7.9-31.4)
1.5 58 36.312.5 50 . 22.0- 6.7
- | (11.2-72.4) ( 7.5-39.8)
2.5 30  43.9%13.3 19 26.4% 6.7
. ' (15.5-67.5) (10.6-37.6)
3.5 25 43.9%13.9 11 28.5% 5.6
: (18.7-82.2) (19.3-36.9)
4.5 77 39.5%17.3 13 26.5% 4.9
' '(15.0-68.9) © . (18.7-35.1)
(5.5-6.5) 19 38.8%11.5 15 - 26.6% 6.5
- : (14,9-57.0) (18.9-40.4)
(7.5-8.5). 3 24.6%11.9 9 28.8% 6.8
o (15.0-38.0) , (19.7-40.7)
9.5+ 4 31.1%12.9 19 27.1% 8.1

(14.2-42.5)

ANOVA (1 way) - Between age classes

6 6 Profile area

F=-8.56 Range Test
0.5 (7.5-8.5) 9.5+ 1.5 (5.5-6. 5) 4.5 3.5 é 5

Q Q Prof11e area

Note:

F= 5.65 Range test

Mean values for age classes arranged in ascending order of
magni tude.

significantly different (P<0.05).

0.5 1.5 2.5 4.5 (5.5-6.5) 9.5+ 3.5 (7.5-8.5)

Age classes not underscored by the same line are

30
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Fig. 10. Profile area of the taii portion of the bell withayt hair
(WOH) in relation to sex and age of moose, Verti:?Hnes

éustending sample sizes indicate 95% confidence limits;

horizontal lines‘indicaté means; vertical lines enclosed by

. ’ 7
curve indicate one standard error above and below the mean. i
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‘A summary of s1gn1ficaq;xnorphometr1c differences between
the be]]s of male. and fema1e moose of -all ages is shown in Table 11.
Drawings . 1n Appendix 2 i]lustrate the typical morpho1ogy-of bells
on an1ma1s of%var1ous ages Appendix 3 shows belJ profi]es drawn
w1th and w1thout ha1r from selected anima]s

A single scar was -found on the d1sta1 tip of some be]ls
(Figs’ 11 and 12) Scars were devoid of hair and appeared as a
s1ightly raised ridge of hardé#ed tissue, 5-35 mm 1ong
(X = 13. 7+ 6.8) and 2 10 mm wide (X = 4.3 #30). "A terminal scar
was found on 14.5% of male bells exam1ned and on a 2. 6% of females
but was not seen on ca]ves or yearlings (Tab]e 12). Males ='5.5 yr

showed a higher. 1nc1dence (52%) of a terminal scar than females (2%) of

s1m11ar age. Bells w1th a terminal scar had a sign1f1cant1y shorter

ta11 (P < 0. 05) than those withd/i ¥ scar with the except1on of one .
fair]y 1ong scarred.fema]e be]].(Tab]e,lg). Sack or bladelike bells

comprised of -a_broad dewTap with a ventral scar, but no tail, éppear to

'_ be nearly exclusively a male phenomenon (Table 13). Only one female‘

(12.5 yr) in a total of 156 fall specimens examined, had.
comp]e;ely lost its tail.  Conversely 8 of 17g ma\es.(d.S%)‘eged
2.5 to 10.5 yr had a sack-1ike bell without a tail. (Appendix 3).
Eight additional sack-like bells from males 2.5 - 15.5 yr were

‘_exam1ned 1nc1denta11y during the study (Tab\e 13). Each had a terminal

scar and no ta11 ' : . o : S

Histologically, scars consusted of glassy, elongated collagen ’

‘fibres orientated at,r1ght angles to fibres in the ad;;cent undamaged

&
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TABLE 11 Sunmary of morphometmc differences in the bell of

.male and female moose * | o - ‘
- :“3 o
Character measured } Age (yrs). ' '
o _ (emycm) 05 1.5 2.5 3.5 4.5 (5.5-6.5) (7.5-8. 5) 9.5"
Jaw length - - - _(;A - - - -
Bell length (WH) © - X2 x  x . .x X - -
. _ , A L
Bell length (WOH) X X X X X X - -
~%Bell tail Tength * - X X "X < X S

1]
>
><
>
>
><
>

Bell dewlap length _

Belil hair length - - X - - - - -
Bell area (WH) - X X - X X X X
Bell area (WOH): - X - X - X X X
1 { Bell tailarea ~ X X X X X X - -
Bell dewlap area - X - - - X X X
. .

1. X indicates significant differences (P<0 05- 't' test) between
means (d’>9) - »
. L . ,
2. Samp]e sizes (N) tested are listed in Tables 1 to 10.

+*
[

[
|




F{g. 11.

Fig. 12.

Fig. 13.

Fig. 14.

Scar (15 X 4 mm) on the ventral edge of a sack-type
bell from a 15.5 yr-old male moose with no agParent
bell tail. The injected vascular system of this

bell is shown in Fig. 22.

Scar on the distal tip of a clipped tail-type bell

- from a 6.5 yr-old male moose.

4

Longitudinal section of. scar tissue at the distal

tip of the bell tail of a 7.5 yr-old male moose.

. Note the absence of hair follicles, numerous dermél Y ‘

ridges and collagen fibres orientated at right
anéles to fibres of adjacent undamagéd tissue.

Lillie's a-b, X 25.

. - | N , )
Longitudinal section of a scar at the terminal tip

of the bell tail on a 14.5 yr-old male moose.

Lillie's a-b, X 5.
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Fig. 15.

Fig. 16.

Fig. 17.

c11pped

.November.i H and E, °X 63

Termlnal tail portion of the bell from al, 5 yr-old male

moose killed in ear]y December. = The ha1r on the tail has been

areas denuded of ‘hair and ye110w1sh debris sToughed from the

;sk1n surface (approx1mate1y actual size).

[

Cross section~of"a‘winter tick (r. aZbipiotusffattaChed to’the

epidermis of a bell tail from a 1.5 yr-old moose killed in late

“Note the presence of an amorﬁhous

.
. e

p1nk-sta1n1ng material in the area of attachment

_Longitud1na1 section of-two t1ck (n. aszpzctus) larvae attached

f ;to ‘the ep1derm1s of the tai] portion of a bell from a 2. 5 yr-old

‘Fig. 18.

-under1y1ng derma] pap111arx 1ayer. o . '\f

H and E, X.63. Note. the accumu1at1on of amorphou& p1nk-

stain1ng mater1§1 present between the kerat1n1zed Tayer and the

a

stratum granu]osum of the ep1derm1s beneath the feeding” t1ck and ’

numerous eosinoph1ls among the p1nk c011agen f1bres of the

. ',s . o g . '
re - - « <

A dense accumu1at1on of eos1noph11s and some h1st1ocytes beneath
@he keratinized layer on the: bell of Qa female ca1f‘moose shot

1n November. Lillie® s a- b X 63

[N i o

Note the large number of Winteﬂiticks, (P aZbipictus),.







" TABLE 12 The “incidence of scars on the distal end of méose bells

Males ] , Fema?es
" Age No. with  Length of bell tail {em)* Length of be]? tail {cm}*
{yrs) N scars (%) with scar without scar N scars (%) with scar without scar =
0.5 26 9 ( 0 - 9,3 20 0 ( 0) -
: : ' ’ (15.5-12.9) o ' - (5.313.4)
1.5 - 58 . -0 (o) - - 13,7 50 . 0 {0) - - 9.3
L / - {(6.3-26.0) : - { 4.5-14.3)
2.5 30 4 (13) - 10.5 17.1 19 1 ( 5) 17.3 10.9 '
| | { 0-18.5) °( 5.9-25.5) - | - 17.3 { 5.8-17.5)
3.5 25 3 (12} 9.3 18.6 11 2 ( 18) 9.5  11.7
. oL og-21.2) { 6.2-35.5) { 8.4-10.5) { 6.9-16.1)
‘4.5 7 2 { 29) 9.5 ~  15.3 13 o 0) - 1.5
) . (3.2-15.7) ('8.1-20.2) . : - ( 8.4-14.4)
-~ {5.5-6.5) . 20 g (,49)  13.3: ' 15.€ o 15 o.\?\ 0) -t
: o , : o1 0-20.3) { 5.6-22.2) o .= (8,5-15.5)
(7.5-8.5) 5 .2 (60) - 4.3 - 12.3 9 o { 0) - 11.3 -
_ . © ¢ . 0-12.8) ('5.0- 15.9) : - ( 7.2-16.2)
9.5+ 8 6 {75) 31 13.7 19 1 ( 5) 0 S o118
L ( 0-9. 53 (12.5-14.8) B 0 { 7.0-18.2).
Total . 179 26 (14.5) - 156 ) S

* Mean'iength‘of“bell tail and {range)

9¢
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TABLE 13 The frequency and morpho]ogy of sack- type be}]s * “?f . - .‘A

Vet g < e

n

1n .moose exam1n9d

Age

2.
. 33,

-5

* 1nc1denta1 bells exam1ned

S W W
R RN NN B T BT B BT RS, SR RS B RE R T BT L ST T

« {yrs). _Sex

~
o &
TN

SO P AR AR

, Frequency of
- sack-type be11s

1n 1976 & 1977*

** NH e w1th ha1r

ﬂajf-—f,-,? PR p—

Bel] 1enqth (cm) Be]] drea (cm ) ’ Scar i

" 1/30

*

1/?5

a g

| R OH = Without hair

I3 ‘J‘.- .
k- St

29.0
. 24,0
27.4,

* o o No W W

WH** ‘

. 16.0

16.5

22.0
o4y
. 15.5

?30;0
17.5

NOH***V WM size (nm)

21.9’
18-5 ..

20. 4
22.5
106
24.0
19.0

17.5
27.2
23.5
18.0



! ‘( ) -
dermis.  The kerat1h1zed layer over the scar was th1ckened Dermal 1
E .\" i ”\r‘ |
e, ’
o & ) : ;i R A a R . - \»'r.,".. K
? o : J. _w /O R
E E . Bare“patches or‘sma11, sparse1y~hamred areas were commonly ‘ il
t . r seen 1n\f%e m1d~¥eg1mﬁlof!the ta11 of 1ong be]]s., The density of\ :
é . )
SRR on the prox1ma] and d1sta1 regwonf of the 5 1ongest (Table 14) B
',jﬂ~ . w L );. '
k. Densit1es 1n the m1d~reg1ons of ‘the combined sampIe were s1gn1ficant1y . LT
j | jther d1sta1 or pr6x1ma1 1ocat1ons. The inh
egion of the tail decreased sl1ght1y, ‘but /‘g_J”]
reas1ng tail 1ength (r érf.ZQSQf N 7 ‘;' o
Converse%yHTno changes 1n density were found -in e:ffﬁr the d1sta1 or :
. prox1ma1 reg10ns w?th 1ncrea51ng tai] 1ength Th rat1o of guard ; :
\ V X
(prlmary) hair to underiur (s&condary) was similar’ 1n short ¢nd 1qng e,
. ! . .y Lo 'g v ) o * o
.7 o bells 1n 311 threg sampTe 1ocatxons. Gy o 1'; . F o e e
Y ‘: ‘ The moose w1nter t1ck, e Pm(e’ntﬂp azbzpzetus, was canmonly )
- ’;; Zv !
: s ‘
, 55 ‘ | ] t ;i
3 1 react1on to the1r feeding was 1nvestwgated as a possib]e cause of o o
A S
changes not1ced 1n be11 marpho]ogy The 5amp1e of be]]s examxned (N M54) .-?jf j vi
' " " ' ‘ \‘_‘ ‘ .
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LU TABLE 14 Vamatmn n'hair density at three 1ocatwns on-
- . . the taﬂ of moose - beﬂs*; :

e . RS *r Locatmn of haw samp]e :
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N o i :
3 S - 1059 2 169. 2 807 6t 161 ¥ 10865. 6+ 188.9
ﬁ " S i 812-1416) , ( 576-1100) ~( 796-1436)
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e “‘gv“k111ed October 7 < December 15.
‘“~;;port10n of, 411 but '3 bel1 (Table 15, Fig. 15).
e wehe k111e§#

"t hunt1ng season were nymphs.

” of 1nf cted bel]s.

. on the distal port1on of the bell was 10.9 ticks per cm

" calf shot November,13.

"20percm

" came from: 22 male moose k111ed October 11 - December 13 and 32 females

T1cks‘were present on the ta11
These 3 an1ma]s

ﬁct&ber 11 - October 20, Most t1cks found throughout

Kl

However, a smal] proportion of

‘ ‘é'fj“ﬂ/,}/ 1arva1 or seed twcks were present on animals’ k1]1ed in October and

}

) November and a few seed ‘ticks were found on a moose k\lled as 1ate 7

as.December 3 (Appendix 4 and 5). A total of 6 adu1t ticks wer?

present ‘on the bells of 5 moose killed October 22 - December 6.

n
',A mean of 0.6 ticks per cm2 occurred on the tail portion

The density of ticks was ‘similar on males and

females hut calves had higher densxtxes on both the proximal and

U

distal port1ons of the bell than older animals (P < 0.05).

-density of ticks was always greater on the d15ta1 portion of the bell .

The highest density found
2

than on the proximal portion (P < 0.001).
on a male
The number of ticks on the bells of one famwly

group were remarkabTy similar. A female and twin female calves shot

.Deéember 3, 1976 had 128, 133 and 121 ticks respect1vely (0 6, 2. 1 and

2) ‘

Some bell tails with large numbers of t1cks were partially

denuded of hair and considerable debris sloughed from the skin surface

was usually apparent (Fig. 15). In sections of skin, an accumulation.

of amorphous pink-staining material was always present between the

—
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TABLE 15 Density of D. albipictus nymphs on the proximal and
- distal tail portions of the bells of infected moose {

-

Age _Proxima}_section o Distal section
(yrs) Sex N = Tick density*  Range Tick density* Range
. 4 B ) T ) o o : ) T
0.5 6 3 1.42%2.15  (0.17-3.91)  5.02%5.27 . .(0.79-10.92)
@ 3 o.56%0.47  (0.03-0.92)  3.57¥3.26 ( 0 - 6.38)
4 o .
1.5 ¢ 7 0.37%0.32  (0.02-1.07)  1.60%1.92  (0.09- 5.76)
9 s 0.42%0.88  (0.02-2.59)  1.84%2.50  (0.08- 7.61)
L] 4 ‘o -
25 ¢ 3, 0.50%0.50  (0.18-1.07)  1.63°1.80  (0.39- 3.69)
| B 0.10%0.16 (0.0 -0.28)  0.50%0.62 - (0.05- 1.21)
3545 0 4 0.44%0.25  (0.31-0.72)  1.58%1.14 . (0.43- 3.46)
5.5 $ 7 0.24%0.26  (0.01-0.62)  0.690.71"  (0.04- 1.90)
:v 4 “ « -
6.5.7.5 0 . 2 0.36%0.16 ~ (0.24-0.47)  0.88%0.57  (0.48- 1.28)
8.5 ¢ s 0.22%0.23  (0.06-0.63)  1.12%0.88  (0.49- 2.58)
A4 ° - ) :
9.5+ 4 2 0.0120.00  (0.01-0.01) . 0.06%0.02  (0.04- 0.07)
¢ 4 o3foss (0.07-0.93)  1.48%1.27  (0.41- 3.01)
Total ¢ 21 - 0.52%0.83  (0/044092)  1.90%2.53  (0.01- 3.91)
. 2 30 0.32%0.51 (6.0 -7.61)  1.4471.85 (0.0 - 2.59)
* Mean/cm2 I s.D. ‘ ' <;)

T Collection date of 'moose examined is shown in Appen&ix 4 and 5
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kerafinized layer and thé stratium granulosum of the epidermis_

" beneath attaéhed tické (Figs. 16 and 17).. Eosinophi]s weré numerous
1 amohg the collagen fibres bf the underlying ’derma1.pap111ary layer.

“ Small dense accumulations of eosinophils in a pink-staining mat;§x

42

were ‘commonly seen in skin sections immediately beneath the ke?atinized <

layer (Fig; 18). Ticks were seldom présent adjacent to such lesions.
D1ssect1on of vinyl acetate 1naected’bells revealed-a s1ng]e
small artery (1.5 - 2 5 mm 1umen d1am ) des1gnated the bell artery, -
arising ventra]]y from either the left or right 11ngua1 artery between
the origins of'the finguofacia] and sub]wngua] braﬁches (F1gs 19
and 20) A total of 28 heads (lstﬁf 10 %9) were 1n3ected spec1f1ca11y
to COnf1rm the apparent un11atera1 origin of the be11 artery. The
bell artery originated from the left 11ngua1 artery in 15 (10 63’ 5 99)
and from the right in 13 (8 65’ 5 99) The belil artery runs dj taTTy
g1v1ng off a maJor branch to the dewlap and continues into the tail
port1on of the be11
The bell vein was f111ed with vinyl acetate by 1nject1ng 1t
near the tip of the bell tail. Barium sulphate injected into the be]]
artery apparently was able to flow through the capillary bed and Tiii

“the venous system (Fig.-21 and 22). The bell vein (3-5 mm lumen diam)

originates jn a capillarysbed in the distal portion of the bell and
runs proximally, adjacent to the bell artery and receives one or two
major branches from the dewfap. At a poinf jusf‘be]ow the angle of the

lqwer mandible; the bell vein turns to run po§teri0r1y just beneath

‘the skin to join either the right or'left jugular vein in the lower neck

r'&}k

[
.
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o

Fig. 19. Vascular system of the head and bé]] of a moose, 1afera1

‘ view. 1, Common carotid artery; 2, 1ingual-facial branch;

3, sublingual artery; 4, facia]‘artefy; 5, l{ngual artery,

6; infraorbitaf artery;'7,_mandipu]ar-alveoTar artery; 8, //
maxillary artery; QA, bell artery; BV, bell vein,

i (Standard vascq]ar:system‘termino1ogy aféer Sisson and

Grossman. .1953.)f

£
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Fig. 20. Deep dissection of - the 1nter4nanéibu1ar area of a moose head

(ventra1 v1ew5 showing major vesse]s. y
. Venous > 0, Jugular vein; 1, external max1T1ary vein; 2,

e . 11nguofaﬁia1 vein{ 3, facial vein; 4, sublingual vein;

e 5, 11ngua1 vein; 6, bell vein; 7, transverse vein; 8,

farel mand1bu1ar lymph node ’
Arter1a1 > A, Common carotid artery',B interna] carotid
’ : artery, Cs. maxillary artery. 0, 11nguofacia1 artery,,
'rﬁ”;mf” E, fac1a1 artery\‘F ljngual artery,“G, sub]ingua1
-:&~3 S artery, H, bell arter o \\\

.(Stanﬁard vascular system term1n01ogy after Sisson and-

'\““ A ”‘Grossmann. J1953.) e : A
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Fig. 21. Rad'iﬂograph of the vascular systgm of a tail-type bell from a

Fig. 22. Radiograph of the vasculay system of a sack-type bell from a

X

3.5 yr-0ld male moose. - Approximately 1/2 original vscaTe.‘,

( <€ indicates bell artery).

15.5 yr-old male moose. Approximately 1/2 or“igi_nd] scal ~

( < indicates bell artery, < indicates scar on ven,t;*eﬂ 7
edge of bell). ' |

(
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regfon. A male ean sebmftted whole provided the §ing1e opportunity
io follow the}bell-yein to 1ts junction with the jugudar Vein, In
;this animal, the. bell :artery arose'from,the right lfngual and the
bell veiﬁ joined'theileft juguiar. In sack-type bells without a
etai],‘the major arterial and venous circulation was simf]ar to that'
~ found in the dewlap of be]is with a tail (Fig. 22). There was
 usually a’ﬁfominent network of ‘small vessels in the region adjaceht.
to’the scer on satk;type bells but the branches of the bell artery

and vein that serve the tail of typically shaped bells were not
I‘apparent‘ - ‘ |
| The éi%éﬁt of. arter1a1 branching in the tails of 2 bel]s
is 111ustrated by v1ny1 acetate casts (Figs. 231and 24).
The be]] of a deve10p1ng fetus was visible as a small bud
- on the*ventrel‘sqrface of the neck as early as late November (Fig. 25).
By ﬁidgterm_(Febru;ry-March), the'bell was still without hair and was

2—4 mm long. The bell of mid-term maﬁe fetuses was always lTonger than’

that of %emales. There was often considerable difference in the~1en§th

of be]]s on tw1ns of the same- sex.

At b1rth bells were fu]ly ha1reﬂ and mean 1enqths were
"35.5 9.6 m (WH), 25 6 * 9 0 mm (WOH) and 13.3 + 5.8 mm taid (WOH)
on 8 males and 25.9 - 5.8 mm (WH), 18.7 + 5.1 mm (WOH) and 9.8 + 3.3 mm
tail (HOH) on 9 féma]es The jaw lengths of full term male and female
fetuses were s1m11ar (21 0 +.2.4 cm).

The be]l of moose 0. 5 yr is typica]]y compr1sed of a 1oose

hang1ng non- turg1d sack 11ke dewlap and a narrower pendant ta11 The;

S .

PR .
- o
F— .
N ~
. -
-
s
- N : ° .
>
- s .

46,

T s e, e g

_ -~ - -

i e e




[ 4

47

Fig. 23.

Fig. 24.

]
A vinyl acetate cast of the arteries in the be]] ta11 and

a portion. of the dewlap from a 3.5 yr-o0ld male moose.

‘Approximately 2/3 original scale. Original be11~1ength; WH =

45.6 cm., WOH = 38.8 cm., tail =-19 ém.; bell profile area;

_WH = 953 cn, WOH = 457 cn’, dewlap = 401 cn?, tail = 60.0 cme.

v

»

N

A vinyl acetate cast of the arteries in the bell tail from a

2.5 yr-01ld male modse. Appro*%maté]y 2/3 original scale. Original
bell length; WH = 58.0 cm., WOH = 61.0 cm., tail = 30.0 cm.; ” _
bell profile area; WH = 1123 cn?, WOH = 601 cn?, dewlap = 535 cn,

tail = 72 cnl.




- '
|
‘ 5
> .
' 1
»
P ! '
o
S
. t‘v
-
| &
2 .
“
'
<
|
;
) , ‘
.
R
o
‘l
. .
.
‘ .
h '«
- .
' k3 1
. \ ) . ‘
.
- a .
> (31 . ’
[, )
N—




" ‘Eig!'zs The be1] of a developing female moose fetus v1sih1e as’ a smaTI

f:

R bud on the ventra] surface of the neck in 1ate November.-'

u

Approx1mate1y 1/2 actual size.‘

e ‘:‘
. S

e ;Fig.'zs Lateral view of a bell frem a 14 0 yr-old COW, moose k1lled’

‘*j early June. - Approxwmate]y 273 actua1 size.

Note the new_growt )
of. summer hawr and dark]y piqmented sk:n.“jngW*

Hgie_

’,
4
<. R
: © . Fig. 29,
embedded hair fol11c1es with ha1r shafts begwnnwng to emerge and 3
. protrude through the ep1denm1s.. o e ‘ i; g i é'l
~Fig. 30. A cross section of the tail portion of a near term (May 8th) . i
- female fetal be11.' Lillie's a-b, X 25. Note-port1ons of the f; \
be11 artery (1eft centre) and vein (right centre) are embedded o | = 1
‘;‘ }} withxn ‘the centra1 co11agen core and surrounded by a 1ayer of : f; . ' i
‘ hair fo111c1es (deep b]ue) . i o S 1
r ! R i “ l
A
| R - ‘(
. o
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‘sbatu1€-shaped tail is most easily observed from late ﬁéy'tb the
end of July after the winter hair has been shed (Fig. 26). By~ ' .

1 early fall the eﬁtire bell is'covered,with a dense insu]gting coat
of winter hair and the tail becomes less con§picuous (Fig. 27).
The tail on bells clipped of hair, narrows mfd—way a1ong its 1éngth
and is frequently bulb-like at the distal end. The narrow isthmus
on all tails measured in side view was 2.2+ 4.7 m wide and /
10 2 mm thick. The distal bulb widened to 30.8 % 4.7 mm.

The hwsto]ogica1tdescription of the bell is based on the
examination of approximately 500 sections from 28 ma]es and 12
females tepresent1ng all age groups. The bell of mid- -term fetuses
was covered with an epidermis 5 - 10 ce11§'thick.“Primary and
Secondaky hair follicles surrounded by densé capillary networks were
visible and some cont§ined a short hair shaft extending into the
overlying epidermis (Fig. ‘28) Deve]oping be]ic]és were formed as
a plug of ep1derma1 cells wh1ch grow down into the dermis. Later |

~in the fetal period, the hair shaft begins to emerge from the fo]11c1e
(Fig. 29) and protrude through the epiderm1s which at thls t1me is

- much thinner (20 um). Sebaceous g]ands associated with both primary

and secondary follic]es are readily identified at this stage 'A*jf3A
single branching artery and a ve1n ‘enters the bell and runs dorse-u:“
ventrally within the central dermal core of collagen fibres ”f o ﬁnyf
(Figs. 29 and 30). | ]

At birth thick bund]es of well drganiied”co]lagen surrouﬁd
arterial and venous vessels within the connbn central reticular 1ayer»

of theﬂ?ermis (Fig. -31). Primary hair follicles were more deeply

—
——

-



* embedded in dermal collagenl(l.o - 1.5 mm) than secondaries (Fig. 32).

The entire bell .is covered with fine hair 50 - 200 um 1n diameter .

' and 13. 4 6.9 mm in 1ength The epidermis begins to th1cken s]1ght1y

* with the appearance of an outer keratinized layer. Arrector_ﬁi}i

muscles and sebaceous g1ands were observed in association with
maturing follicles. Sweat glands were not identified in 8 fetal bells
‘examined. |

The oufen epidermal surface on bells of growing moose

Z 0.5 yr is typically a thin (15 - 40 wm) layer of .squamous epithelium

L
2 -5 nucleated cells thick, overlain by a superficial layer of keratin.

» The epidérmis thickens somewhat and. is darkly pigmented during the
! B

annual spring hair replacement period. Melanin granules occuring in
the basal layers of the epidermis and deve]oping hair are‘chief1y

responsible for the dark appearance of skln and new1y growing summer

hair (f1g. . As the season progresses, grow1ng ha1r and under1y1ng ‘

ep1derm\s take on & pale almost wh1te appearance due to reduced

me1an1n product1on (Fig. 27) ‘f ‘7‘;a f’ o

”"*g Beneath the ep1derm1s. the dérmms composed of two layers

k { deresents a thin superf1c1a1 papi11ary 1ayer with f1ne fwbred 1rregu1ar

connective tlssue -and a deepen thwcker ret1cu1ar Iayer of “heavy,
I

fsdense-fibred 1rregu1ar connective t1ssue conta1ning ha1r follicles,

sma]l ﬁﬁood vesse1s, sebaceous g]ands, arrector pili muscles and a
few elastic fibres and nerve endings.‘ Beneath the deepest hair bulbs
the derma1 Iayer forms a common centraI core of interwoven cqllagenous

fibres interlaced with larger blood vessels. The main be]](artery and

4
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vein lead'to a deep'anastomosing nétwork from which‘smal]er :
blood vesse1s ascend to the upper dermis. éweat g]ands,'deeperf
sebaceous g]ands and ha1r bulbs are supplied by sma]ler swde
‘branches (arter101es, venu1es and cap1]1ar1es) Vesse]s 1n the
pap111ary 1ayer supp1y sma]]er vesse]s wh1ch ascend 1nto each of
(?the derma1 pap111ae prov1d1ng nutrition to the overly1ng ep1dermis
Ha1r follicles penetrate maqonaﬂy into the derm1s to
‘_ a depth of 2.5 to 4. 5 mm. A pattern of 1ncreas1ng derma1 ha1r
" ‘depth and dens1ty was observed from mid to d1sta1 portion of the
tail. Two extreme sizes of hairs anclude*1ong 1arge diameter
(250 vm) coarse guard hairs and shorter f1ner d1ameter (20 - 50 wm)
ha1rs (F1gs 33 and 34) Fach hair fo111c1e is surrounded by two
or three sebaceous holocrine g1ands and bundTes of arrector p111
muscleee Sebaceous secretion tested pos1t1ve w1th APT sta1n and .
" negative Nlth.EAS, 1nd1cat1ng the presence of anion1c heterog]ycans ‘
(acid muco’ polysacchar1des).“Dur1ng fa11 and winter, sebaceous |

g]ands were general]y lobate in shape and proportional in,size to

" their associated hair fo]]ic]e- They. appeared larger in'qunmwr than in

winter 1n both sexes. Smooth arrector muscTes (Fig 35) orfiginate

in the dermal pap111ary layer and»nnsert 1nto the connective tissue .
sheath of each hair fo?licle.a_Both sebacedus glands and arrector
| muscles'appeared'somewhat larger andsmore'irre§u1ar in males than
in females. o e

. Sweat glands with their tight1y=coiled sa1’secretory

. tubule 11e deep 1n ,the derma1 ret1cu1ar layer between ha1r fol]1c1es

~(Fig 34) A]though al] sweat g]ands were closely associated w1th

52,



Fig.' 33.

Fig. 34.

- Martius yel]ow—crystal scarlet an111ne blue (MSB), X 63.

« © * 1
¥ i R
N o

Cfges section of bell skin from a'9 month-old-male moose.

TWo‘lpﬁge pfjmary hair .shafts (solid yellgw) are surrounded by

purplec§£a1n1ng sebaceoys g]ands Tho ehd]1er secondafy hair g s ‘{”‘ .

 :shafts appear left of centre “in dark blue staining dermal collagen.
"The outer epiderma] surface (15-40-um, dark purp]e) 1s over1a1n . ﬂ4~ L )

‘ by a. superf1cia1 1ayer of deep red- sta1n1ng kerat1n (lower left)

Four deve]oping hair fo111c1es (br1ght red and yellow brush- ends)

of two dist1nct s1zes are sectiohed tangent1a11y Smalil (20—50 um)

. sweat g]and ducts are scattered between hair shafts and fo111cles : | | o

. L ¢
Longitudinal section of bell skin‘adjacen% to a terminal scar

from a 9. 5fyr—o1d male moosé One 1arge‘hair follicle (dark

) b]ue) is to the Teft of two blue staining, sweat glamds with

the1r tightly coiled basal secretory tubules embedded in the L

p1nk—sta1n1ng dermal reticu]ar layer. Lillie's a-b, X 25.

e
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Fig.~ 35. . Longitud1na1 section of bel] skin from a9 monthe-old ma1e

3 SR . moose, An arrector piH smoath musde {dark blue)” runs
. cot xS e z““j

el : 3

H e ‘diagona’l'ly from 1ower right to upper “left in dermal

" ‘conag‘én.‘ Portion_s of a sweat 'gland secretory tubule a’nd _
o \“duct;arie ﬁtai'ned _‘,tht}',pl.xrpTewin _(:’ros'.;"s~ sec»t‘ion_; “A sebacébu§ U . . ‘ |
N @ I ‘ giand (1ight purple) appear:s in. the XOW Tef{ MSB, X 160, o |

e Y AN , "

3 B |5 BN 1 PO oo Lo _~§

. o Fig. 3,6 Section of a sweat qland wcretory tubuie fmm he‘l'l qk(n of

u §m o a 9 month- o1d msﬂe moose. Secretory cells are surrounded by e G, -

o ' a basa] lamiha staininq deep hlue.._, A Few nvyoep’ithelia‘l ce’l]s T K v

: can be seen partiany windinq around the tubule. kMSB, x 400 AR
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hair follicles it was not possible to determine if their ducts

@

{15 - 25 ym Tumen diam,) connectéd to a follicle or emptied

directly to the epidermal anface (Fig. 35). The 1argén coiled

secretory tubule of the gland (05 X 120 ym Tumen diam.) is Tined

kith a «imple low columnar or cuboidal épithelium supported by a <

distinct basal 1dn;;$ staining deep blue with MSB (Fiq.‘36). The

spherical nucleus occupies a bdsal,posiﬁion within the cell:and

. contains 3 - & prominant nucleoli staining dark blue with Lilliv's

and pink with MSB, The cell cytoplasm appears as a fine purple-

[

cells were seen partially winding anound-the tubule het?een the base

of the cells and the bdsal lamina. The nucleus of these'spindle-

:shdbed cells is elonédted and their cytoplasm stained reddish with

staining net with unstdined nregg\between'scrdnds. A few myoepithelial

MSB. The. secretory tubule narrows into a smaller diameter excretory |

, duct;which is 1ined with a double 1aye; of Jdarkly S@aininé cuboidal

"kce11§. Cells forming the inner layergof the duct stain more intensety

~

alcng the surface bordering the lumen. The dugf’is surrounded by

”:iﬁ.ba§a1 lamina and m&oepithelial cells appoén absent.  The staining

propértios of the gland cells and their size, sngpe and derma), depth

~p

. were similar in specimens of different ages and sex. The highesﬁ;}/

"concéntra!'ons of sweat g]ands observed in bell tissue was in the

> ~f
di tail area on e1then s1de of scar tissue. However, they may

the been just more consp1cuous adjacent to scar tissue because~

saggwta1~rather than transverse sections were examinSgpand hair

. fo]11c1es were 1ess NUMErous" : , - ;‘ “‘

&

Sweat glands found in. tarsal t1ssue were larger, more N

o »: ‘»'

2
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Cest

numerous and weII

bell or ch?ek

-

ef:ned than sweat q1ands seen in skin of the

The basa? secretory portnon of the sweat aland

was'moﬁﬁ deeply_cmbegged‘iuAdermal-tissué’thanfq1ands examined

' M sewhere.

¢ nuc]oug and nuc1eo]| &taln:nu u?moxt hlack thh MSR.

porttonq of. the vn!thvllu] xv1l\ werv numotnmvﬁ %vﬂn fre

Tumert of th\tubuks

< s Y

The ‘k’yfiwmﬂ;mic network of

©

. ; A
tarsal xwo}ttﬂanz

incluston budivs,

(uhnldal vptthe]zuw dnd xtamned devp uranqp with MSB

hair foll:n!eq and lpnqth uf dPPP(tOY

Wm\putholml u‘l!-

w7

Tho Tining oﬁithp?ia1 cgﬁlq were cuboidal with a, basal

Apical o

e in the

in tar@a[ 25 woll i boll tissue.

2tmnmi nurple and tontarnvd plnL uranqo

.

were twllv thosv ruund gn ulther

qlands qppoarod nmallor

« .

1exk orhbell

ﬂkln.

mtt"rmmm(ftt\d Sxtmnd‘: m

-

{

eru num@POux beneath the

lo\\ numorous dﬁd more pﬂuriv doflned

thdn swedt q]ands in olthor ho1l or fdr‘dl q1qnd tissue,
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&

~longest bel1s vere

estimated to be 3 yr~or o]der.

-
o

N DISCUSSION

In northwestern ﬂntarlo, the be]l on ma!e moose is usually

tonger and hd§ a qreatur profile area than that on femaie@ The

found on males 2.5-3.5 vr old.. In~oldebxma195.

-~

R sackmtvpe bell without a tail.was common, A scar was present’ at th?

4

\ .
'dnxtal end’ 0? "all sack«type bells. xquestlnq a tail had dnee been”

9

' prosont hut was lost.

%zm11ar 0bservat1ons have heen mdde un mooco'cixowhpre
{n &tb1ey Pen1nsu1a, east af Thunder Bay. Hntar:u. MBS were vhutuﬁrdphvd
while frequent1ng salt licks durinq spring and Summe r % L bracers nt..
Min. Nat. Res., Map]e, Ont., pers. eannn"lqlﬂ).'

with a very short tail (<39cm) were seen on- 1 of E ma

Younger male% {N 4« i Ipfvmdlél

(N 44) had .a be]l w1th a cpnspwcuous ta11 portion: tn Newruundi nd

-

the ho]Ts of moose killed by veh1c1es were measurcd1@1 Mer‘px.f;tf

I

Vowfound1and Department of Tour1sm,4§ﬁ..doﬁﬁ‘x, Newfuun«lnn(. SPePs, Com,

/Téé be]l on ma]es (N 92) was C}‘;lstvntlv lonqer than “that on

)é -

zomalvs (N 35)*and the 1onﬁest bo11s 0

rrvd«unnulvacxd vr okl A

¢

&

erp sent to the authcr hy

hnd dev %oldntna sﬁ?&ska., ihe bells, ot/ temdlps (0. ﬂal4 ‘yr) and.

mdles (2 yr) wvro Slml}dr 1n thapv and “ize to those on nmose in

ﬂfnorthwestern Ontdrlo and a]] had a’ tall pprtuon. QH&Wevgr,‘saek-type

\‘holis are Conﬁmn1y qéen ‘on older buqu in Afaﬁka and a tlssue scar can

be‘sqen on the d}Sta1.edge of&%uch be11s (A. FEanzmqnn; pers,'comm. 1919).
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‘&ukv tnw bells or bells

; f.wall agmp1e of bo11ﬁ from At Hf;an (ollcntvd thP %uldutnd. Ala%ka '

A, Fransmann, Alaska Department of Flsh i e
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" Sakolov (1964) mentioned ‘that the longest bells on A, a. alcek in
central Soviet Un1on occur on males 3—4'yr and the bell is s orfer '
 and broader on older males. Although most workers ggree that old
‘mnﬁe mpgsé generai]y have Short broad belfs, lonn bells are occa§ionally
N seen. The tail portion ’nf‘ a bell from a ’11.5>y'r""o1d male killed near |
- Geraldton, Ontario meééured 29.0 cm (C. Greenwood,'Ont. Min, Nat. Res. ﬁ

1978) N

»

”Geraldton, Ont.. pers. conm

o | L ﬁ - The 1enqth and morphology of the be]1 may vary on moo:e in

‘Jdifferent parts of their range 'Dr.,C. H, D C1arke (retired. Lhief

Ffsh and w11d1ife Branch, Ont. Min. Nat. Res. Toronto, Ont., pers. comm.

’ 1977) mentioned tha‘/nmose in the Rocky Mountain Parks of Nestern Canada -
o ‘v'qenerally had lohger be11s than he had seen ®n moose elsewhere in
. . ”iF.Canada. qome mooge in. the Interlake Reg10n of ceﬂtra1 Manitoba have
| | exceptnona]ly lonq be11s (some exceed1ng 16 cm) and were believed by
Cr1chton (Manltoba Department M1nes, Reqources .and anironmenta]

‘_'*Manaqement wlng:peg, Manltoba pers. _comm, 1978) to be 15-20 cm longer

oL 'J “than bells seen on moose 1n other parts of Manwtoba. The longest . bell”

| : ;%‘reported n the 11terature (96 cm exc]udinq hair) was from a females ;‘ 5"'_

T shot. in eastern Manitoba in 1903 (Setons1929) It is 1nterest1ng to :

»4;note that 1ong, tai1-Tike bells are rare?y seen on moose (4. . alees) ;h ,
1n eastern Furope. 89115 o moose in NOrway were descr1be51by Lykke )
(?660 Vuku, Norway, pers comm. to A Bubenik +978) as pad -1ike and

", - ot usually consp1cuous on femaTes.‘ Moose in’ Sweden are a1so reported

to have: short 1nconsp1cuous bells, (Lonnberg 1Q23) o 0
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Sack-type bells seen commonly on _older ‘males in the

present~stddy were without a pendulous tail.  There is some evidence

- that the taiﬁ pnrtion may be 10§t as a result of freezingg During

January and prruary of 1653, the. )ntario Depdrtnmnt of lands and

Yorests LOT]P(t?d d number of nmase on Blu Is)and in Lake Ot the woods,

northwestprn Ontdrle The tnp of the bell was descrlhvd dx “trozen
qtiff" on xuverdl moose wxamined nmnedlatvly atter bolnq shot

(R. Hepburng Ont. Min. th hvs Mapie, \nt . PP!\ vonm, 1979).
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mid winter,:lﬂ?&, Manltnbd Rrovtéxal Puvk enployew fnund what appvarvd{_-

o be the t#rmindl tdil poxtion of a pidpse bell which was ahout 1 o

. tong in an bp@n area on a moose trail, 1hore was no blood at the

site or anythinq on whnch the bvl] mlqht have tduqht und been torn otf
(v. tricht?n. pers. comm, 1978) Dr A, Buhvnik (pers. comm. 19/7)

has spoten/tn trappers in Alberta who claim to hdvv)found pqwnvs ot

 frozen moose bells during winter. In the Soviet Bniun,knnrru il?hﬂ)w

Sokolov 51Q645 and Kozhakhnv, 1065) reported thdt fhv betl of mopse

may froez and fall off durinq the first or ‘Qg(unj year of 1ite ancb

: (!
leave elt er a shortened tall or a hroad fold of sk\n.’depcndinﬂ un

@
the origi La? length of the be11.

pad

The 1ikelihood of the bell tail beihy Tost'by freezing or

pther éc[ses may be reTated'to its 1enqth ‘In the presont <tud}, the "

tail po ticn of the bv11 was qenera11y 1ongor on males than on fvmales

» - and 1os of all or part of the tail was much more preva1entﬁin ma1es

" than 1% fema]es. Histo1ogica1 examination and 1atex injections qave the
’ \» *
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impression that: the narrow isthmus of the bell
vasculdrized than either the proximal or dista

also least den§e in the mid-reqgion of the tail
. o

tail was less
1 regions. Hair was

and sparse1y~haired~

patches Were commonly -ween on the tail of vXceptiona11y long bells,

Suttable skin temperature mdy not be maintained as the bell tail

ingrpacps in length making lonq tails more %usceptrble to fIPPZan

in (uld weathvr.

it is diffxcult to assess the possih!e role of ticks in

CAUS TRY the ioss of the bell ta11 The dens1t1es of ticks on the

[y

Jdistal end of the b011 was 4tob timeq that r@ported dnywher on

moose hy Addison e at. (1979) and Samue] and*Barker (1079» Thy

high concentrations at the distal end of the be

I may reflet o

positive qeotropic,reSponse‘by the ti ks. ‘Other explanat v weve

are equally tenable. Ticks may movs rea‘ily dttd(h oM tC moase o

thp danu1hﬂ;Le11 tip. rhey may be attracted

bulbous und'of the DGT] Comas o mply he more
“fromithis site  Ritchey nd dwarde (19507 pey

-(‘()l‘umbjd thraoning T neads o wil Tow bushes

head. and ea: o precamably inoattempt to rd themselves of ok 0 tate

winter.  Uense accuncdations of ticke  nd cause

the well (a0 e
Steicult ta tr toage
wrted moose 0 o

it soratchane theis

“haap rritation an

» apparcntly ha' Jose from the tal’ of some moose tells examined

> . . ' . N ' 3
' northwestpvn ntar 1o, Tick s, owere helieve responsthle for the fos«

~of hair ' rom vxionftvv reaions ot tne body ot mpoc (Addison ool

M 1970 Samuel and Rdxlvr 1070 sometimes usine

"

C o

death due to excessive
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heat loss 1in late winter (Samoel aﬁﬁ Barker 1979). The large
numbers of ticks feeding on the bell” may predispose it to freezing
but it should be noted that winter tick is not known to occur in . e
Alaska (w11k1nson 1967) where older moose common1y have a sack -type
bell without a tail (A. Franzmann, pers. comm. 1979)
' One objective of the present study was to dwscuss how
the variability in shape aod size of the bell might 1nf1uence
social 1nteractions between moose., It is presumed that many mammals
i connmnicaté-tisuul messages by directing thejr -attrntion’ ‘ k S
to the ‘anal and head poles of conspecifics and jnterpreffsoe61fic | ‘ -
expressire characteristics and movements (Portmann 1952, 19615
Youné 1957'V8ubeﬁ1k 1973). Species specifﬁc contraSting colour
“patterns adorn the rumps of North American pronqhorn many old-world
antelope, mountain sheep, (0v1e spp ), deer (Odbeozleua spp.) and
wapiti, ravvuoiruuugnuna Erxleben. (sce Guthrie 1971). 'Elements of
the head whieh may transmit 1nformat1on 1nc1ude ant]ers, horns, eyes,
,Lears, lips, pelage co1our end specific hair patterns or structures
Visual sex«dimorphic features of the head such as different co1ourat10n !
‘ size or presence and absenee.of ant1ers‘and.horns have been identified - B : |
in many ungo1ates including red deer, Cervus elepkuenL.; chamois, .&
Rupieapra rupiéqpra Frisch; ibex; white-tailed deer ;nd some antelope
, (Buboﬁik.1966 1975; Na]tﬁer 1974; Smith 1977; Meile and‘Bubenik 1977).

In moose, the anal pole, with the exception of the 11ght

. contrasting female vulval patch (M1tche11 1970, Lent 1974) presumab]y

————n - A




projects Tittle visua1~#e1eas1hg stimulus. Visual releasers
in this confext are 5195 stimuli capable of tfiggering?or réleasiﬁg
a responding behaviour (Lorenz 1935). Distinctive features on the
head 1nc1udg'§ar1atiod in antler shape and size amdﬁﬁ?ma)és. and

Ipe1age colour and bell morphology in both sexes (A1tmann 1959;
Mitchell 1970; F1b1 tibesfeldt 1970; Bubenik 1973. 1975, Bubenik'
et al. 1977, 1978, present study).

Bubenik et «?., 1977 have generally defined four socialk
c]asses of moose {calves, teens, primes and sen1ors) on the basis

of antler size in males “and facial pigmentation‘in,both sexes.

, Thevﬁofph0109§wof the bell is also somewhat distinctive in animals
of eacﬁ of‘these'gocial classes. In gaives thé bell is short and
has a narrow nondescript tail. Teen males (1.5-3.5 yr) have a bell

’with\a long tail and 11tt1e ‘dewlap. Piime males (4 5-8.5 yr) have. -
a medium to short tail attached to a broad dewlap Senior males - &

have a broad sack-1ike dew]ap, very often without a tai] Teen, ..

prime and senior females on the other hand, usually have a(be]J with‘d

short to medium‘lengtqstail and 11tt1§‘déwlap which 1s similar 1n’;
xappearance to the bell of 1.5 year-old males. ‘ S
 Antlers and horns can be,pcteﬁt“ viSua1~re1éaSérs that
serve an 1mpoft$nt function in estab1ish1hg a rahk1ng»order as»weil'

as being sexual attractants (Ge1st 1966; Eibl E1besfe1dt 1970*

\‘Bubenik 1973)._ Bubenik (1975) using.an art1f1c1a1 caribou (Rannghr spp. ) :

head concluded that am¢

Ry
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human scent. Moose are able to estfnate rank,of their own
‘antlers and respond accerding]y to antlers of lower, higher or the
same rank at eonsiderab1e distance (Bubenik 1973) High ranking
alpha male red deer’ apparently drop in rank after antler 1oe> v
(Hediger 1954 Bubenik 1968) but reacquire their former rank after
the beta male also looses his antlers (Portmann 1961) -Bell shape
andzsize may partially eompensate forfant1er Toss in maxnteininj ‘
a ranking erder during the unant]ered peried. The be11 may also
_function as;e short,distanee re}easer among mixed sex ;ﬁd age
aggregationsicommen1y observed in the post;rut, early winter period_-
“(Buben1k, pers. comm. 1979). - v “k | o
Visua1 messages are conveyed to conspecif1cs in a variety
of body postures and movements 'of the head neck, and body (Smith 19?7)
The present threat where an animal 311gns ikself broads1de to an y
opponent is widely emp]oyed by bov1d§ (Schloeth 1956 1958, Nalther ]958.
; 1961; Tembrock 1968). Amenq cerv1ds such visual se]f—exposure has been
described 1n<%%xwwzeue by Cowan and Geist (lqﬁl) and is used by caribou
(Bergerud 1974) and moose (A]tmann 1950 Geist 1963 Lent 1974) during
the rut Linked with the broadside posit1on 15 the presentation by
some species nncluding mountain qoats (Geist 1965) and Nilgai bulls
(walther 1977) of additionilastructures such as bedrdszand manes whieh
can. be erected The 1atera1 posture makes the animal appear as long and

broad as possible (Wa1ther 1977).. The apparent’ size of bov1ds is -

be11eved an 1mportant component tn estabfishing rank between 1nd1v1duals
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. (McPhee et al. 1964; Smith 1977), Moose present their full
body outline to an opponent when standing broadsfde. It is in |
this position that the bell may best be viewed by conspecifics ‘

‘Erector muscles and p6551b1y 1ncreased blood flaw faci]itates

the raising of guard ha1rs in certain zones thus en]arq1ng the
overall prof11e Both Skunke (1949) and Knorre (1959) .have
\ described the swel]1ng of the,buTls neck during rut. »The author
has\persona11y obserued the abi]ity'of moose to‘chanoe'be11 outline
by erecting the hairs along the jaw near the base of the bell. |
‘Lateral self- exposure a11ows opponents to . size' each other up
visualT}fand gain reciprocal information on.antler and be]] s1;e
and body condition'(tent 197;). The majority of male-male

vencounterskend with one opponent withdrawing and avoiding any, -

" vphyswcal contact (Murie 1934, Peterson J955; Markgren 1969).

i A variety of’possibTe expressive neck postures including
neck downward. upward.‘forward and/to the side may occur during
the broadside disp]ay (Walther 1974).  The-elevation of the head
- and neck 1ncreases the animals apparent size and is° considered e
- "an essential component in threat d1splays among a variety of

unqu]ates (walther 1977) The possibility exists that some species

"o with re]ative]y short necks compensate by p esenting addftiona]

- structures such as the bell‘or beards and manes qhich may be erected.

The, beard  of the mounta1n goat and bison both 1ncrease the overa]l
body profile (Lott 1974, Geist 1965) The head high threat or
extended head posture in moose i 1nterpreted by Geist (1963) as

e

s i




.

an aggressive intimidationid1§p1e}jused‘hy doninant animals.

Murie (1934) often 6hserved cowevatpsaltjjicks;facing each other

with muzzles held high and ears Towered.. Geist (1963) described

the head high threat when males were‘%n velvét and, along with
Kozhukhov (1965), the head low threat with hair raised on
withers and rump after ant]ers had heen dropped Bubenik (1973)

also observed the head of pr1me ma]es bent downward or lowered so

it near]y touched the ground dur1ng fronta] 1nteract10ns with his

artificial moose head. Such postures may dwsplay a change in
viSUél head co]our‘pattern, the-architectUre‘and size of antlers-
and perhaps the shape and.outline of the be11

Sexua] dimorphism of the bell on moose = 1 5 yr has been

. demons rated. Such variation may play an important social ro1e

among early winter post-rut aggregations'when snow cover could
increase visual contrast. Sma11 cervicorn antlers'among young
ma1es (1. 5-2 5 yr) must be viewed at re1at1ve1y short distances and

fronta]]y to estimate rank or 1ndividua1ity (Bubenik 1973). Long

‘ta11 beT]s commonly found on such animals could help re- enforce their

v lower socia1 rank when viewed from the side Antlers of bulls

z 3.5 yr have in the view of Bubenik et al. (1977, 1978) primarily

_offensive characteristics. The protective elements of converging

points and wide palms deve1op between the 4th and 7th antler cycle. N

Co-1nc1denta11y this is also the age at which males tend to lose their
»,g),»

1ong ta11 be11s and develop a broader more‘sack like structure.
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| Crombrugghe and Voreéyer (1968) have identified a progressive

| are found “in an1ma1s 1nhab1t1ng dense cover wh11e Uhe most complex )

~1974), British Co]umbia (Geist 1963) and Alaska (Buben1k 1973, Lent ]974)

However, -over much of its range the moose 15 essentia}Jy a non-gregar1ous,

|
Such habits may reduce the need for a variety of well developed body S ; 1
{

L

deepening of the<red deer. neck and dew]apfw1th'increasing age.

During courtship the estrus female may give preference in mate h/') N Z:
cho1ce to visua1 1nd1cators of age and experience (Smith 1977).

A prime bull with large'antlers andva broad deep sack-type be]l ’ :t
not on1y‘demonstrates a»prime social ra&k but an animaf'that has. |
gained exper1ence in extracting critica1 nutrients from the

environment (Chapman 1975; Taber 1958; Bubenik 1959 1966) In - ir ‘

‘mountain goats where both sexes have a s1m11ar chxn beard it is - ¢

be]ieved by Geist (1965) that the. presence of the beard on males -

may diminish theaqen1stu:tendancy of the female dur1ng the breed1ng o

season and reduce the chances of the male being attacked and wounded

N

If the bell is 1ndeed ut1lized as. an opt1ca1 cue one must

’

cons1der severa] add1t1ona1 factors.; The s1mp1est visual re]easers

.

¢

are found in species adapted to Tife in open country (Bubenik 1975).-

Studies of moose v1sua1 1nteractions have been, 1arge1y Timited to

¢

open tundra-type habitats such as wyom1ng (A]tmann 1959, Houston 1968,n ' S

R e i i s S o -

L.
£

sylvan spec1es. (Murie 1934, de Vos et al. 1967 Ge1st 191\\\Houston 1924).

signalling cues. Conspicuous visual s1gnals might tend to’ undu]y\ A

advertise the anwmals ‘presence espec1a11y toward predators (Mailer 1968,




=mooseyant1er sizes and shapes.

»pheromone-lxke secret1ons. Some reports in the 11terature .suggest .

“this as a function of the bell. Zschetzche (1959) ma1nta1ned that

-Swedish moose. (4. a. alces) were covered by an odorous‘secretion which

N - . s B
7w ) . .

E1b1~<Eibesfe1dt 1970, Hailman 1977) A great deaT of borea]

moose act1v1ty takes p]ace at night dawn or dusk and generally

__1n ‘wooded hab1tat where Iight beeomes d1ffu§ed H1th the

exceptxon of the 11ght co]ourat1on of the 1nner ear (Seton 1929)3

and the 11ght chin uatch 1n femaTe calves: (Bubenik et al; 1977),

. the homogeneous dark ‘brown b]ack pe]age produées a m1n1mum amount

of ref]ect1on or visual contrast wh1ch m1ght aid in attract1ng ;
conspecifics, part1cu1ar1y dur1ng the snowTess per1od The bell

11kew1se possesses no specific contrast1ng colour patterns and tends ,
to blend crypt1ca11y 1nto the q&era11 dark “body co]ouratlon. '
. . e

, The be]] is however a d1st1nct1ve structure that is

partlcu]arly cdnspicuous bn some 1ndiv1dua1s but any suggested role ,

" of the bell in visua] communwcat1on is pure supp051tzon and w111

be extremely dffficu1t~to quantwfy. Perhaps the most fru1tfu11

n

approach for further research m1ght be, the use of an art1f1c1a1

¢ dummy head w1th 1nterchangeab1e be]hmpr6t11es s1m11ar to that described

be Bubenwk (1973) for test1ng behav1ora1 responses to a var1ety of

Cx
v

B A fina] objective of the‘present stady was to investigate - -

the bell and 1ts associated skin g]ands as a possible source of

during the rut, the hairé ef the lower part of the bell tail of

: [
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.,driginated'from a wide opening at the terminal end of the bell
“into which a knitting needle could be iﬁserted;> Ubeervations on

‘North American moose’indicate'thatlconsideraﬁie attention is

4

_directed toward_the head byfcoufting pairs during the rut period.
“Occasionally a'bull wi]] rest or rub his chin neci and bell on

some part of the female (Thompson 1949 Dodds 1958; Lent 1974)

Thxs behavior cou!d be derxved from the neck fight seen in other .

ungu)ates.(Ge1st‘1971 walther 1973) but could’ a]so funct1on in

some wayfto trebsfer scent between individuals (Lent 1974). Female °

moose in estrus have been observed sme111ng the anal- genital area

| ~ of the male and then prodding or pushing ‘the muzzle against his

-

fﬂank and neck (Geist 1963; Lent 1974).
In th1s study, an open1ng was never seen at the distal
end of the be]i\nor were d15t1nctive odours or suspected secretions

ever detectedlon the bells exam1ned. Seton (1929) who examined

A"many“ bells also failed to find discefnab1é scent glands, exudate

or particular odour on moose bells. The terminal opening in the

be]]vrepofted by Zschetzche’(1959)'cou16 have been an exposéd blood

‘vessel, scar or'§kin‘fo1¢ at the tip of an injured or previously

frozen bell. Sebaceous and sweat glanas, however, were present in

the'skin ef the bell. The most detai]ed descriptions of thése o

glands and understanding of the nature%of their secretions result

principa11y from studies of Human‘skin but also from studies of

" other mammals,

68 .-
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‘andiapocrine glands may nbt be as great as once thought; Both type

' Sebeceges glands are located ih the dermis and eonnec%
by a short duct to t;:131de of an adjacent hair follicle. Eagh
gland is usuaT]y comprised of several alveo]i or acini éncapsuTated
by, a layer of connective tﬁssue (Leeson and Leeson 1976) The
alveoli are f111ed with stratif1ed epithe]ia1 ceTls. The germinaxive
ce]?s around the. periphery of the a?veolus stggn dense]y basoph111c
These cells begame more cuboidal and fi11ed‘w1tp fat-like droplets
as they.are pushed toward the, neck of the alveolus. Here the cells
rupture and release their\ebnsents termed sebum, which in humans,
has been ieentffied as é.mixture'of cholesterol, phospholipids aﬁd_

triglycerides (Strauss and Matoltsy 1973). The discharge'of sebum

.is aided by contraction of the arrector pi1¥ muscle and pressure of:

“.increasing gland content (Leeson and Leeson 1976). It is generally

atkndw]edged that sebum serves to oil the hair and prevent drying

of the skin (Ryder 1973) but it may also be involved in olfactory'or

’pheromona] communication (Quay 1977).

The sweat glands of mammalian skin are classified as e1ther

. ecerine or apocrine. These have traditiona]ly been thought of as

two distinctly different specialized forms of sweat glands but some

recent authors (Ryder 1973) suggest the differences between eccrine

-

aré tubular in structure and are thbranched. Eccrine sweat glands are

- widely distributed in human skin but are largel]y restricted to

unha1red areas of-skin in other mamma1s (Strauss and Matlotsy . 1973)

69 .
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. . The co{ied~secret6ry“portion of the tubule is linedApy a sihple
’ o layer of cu]qmnar or cuboidal epithe&ial.cel]s, somé of which stéin?
basophilic and others‘which are eosinophilic. The Tumen of the . ‘
| tubufe‘is re]ative]y-narrow.“An 1néomp1eté layer df myOebithe]ial o
cells surrounds the‘secretofy portiah of the tubule. The duct
of the eccrine gland 1s‘not conﬁécted to«haif follicles but empties
- direct)yuto the sfin surface via a corkscrew—11ke duct. In humans
v the sweatvsecreted by eccrine glands is a transparent, watery 1iquid
: containing a'variety of ions inclhding sodium, chloride and bbtas§ium
as well as some urea and lactate. Sweat functions primér%]y 1n:
facilitating evéporativé heat loss. ’}

Apocrine sweat g]ands are found over the entire skiﬁ surface

» _ ?: of most mammals. They have a larger tubule ]umeh,‘are_less-coiied: b

and more deeply embedded in the demmis thén are eccrine g1and§“(Leeson .f f ’

'_ “and Leeson'1976). The secretory portion of the tubule is lined with -
simple cuboidal or columar cells with a rounded basal nucleus containing’
a prominentlnucleolus. These secretory cells are eosinophilic (Straus§.
and MatoItSy’]973). Numerous spindiefshaped myoepithelial cells -
surround the secretory portion of the tubule and are thought to aid

~in emptying the contents of the gland via a fajffy ;traight dubt

cbnnected to a hair follicle. .In contrast to eccrine sweat glands,
apocrine gland secrétions contain pfotein which in many mammals is
suspecfed of’being important in olfactory communication (Schaffer 1940;

e i Quay 1968, 1977; Strauss and [Ebling 1970; Quay and Miiller-Schwarze 1970).
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- the body are well known among the‘Cetv1dae (Schaffer 1940 :f9~.-‘ .
- Quay 1955 1959, Taylor. 1956 Graf 1955 Muner-Schwarzgﬂ,ﬁw;“}E" 975 s

.reported that b]ack ta1]ed deer common?y snxff the m1xture of tarsal
vtarsa1 g1ands on the 1n51de of the hock 301nts, 1nterdwgita1 glands‘
‘1979) Spec1f1c gTanduIar areas in the metatarsa] region may be present»

.On_moose 1n northwestern Ontario and have never been investigated -

it some. cerv1ds (Quay 1955 1959, Po]ukhov and Ku11kova 1958; Soko1ov

Ooncentratxons of skin’ glands in part1cu1ar regjons of

Quay and Hh]ler-Schwarze 1970 197} Hh]ler~5chwarze and Mul]er-
Schwarze 1971, Bubenik ¢ aZ. 1979) These inc]ude the §0- called

tarsa? metatar;ahu 1nterd191ta1, cauda] and antorb1ta1 g1ands.

. In those ungulates with prominent tarsa] g]ands such as Odocoileus spp > . ‘

Rangtfbr spp. and moosg, animals c0mmon1y rub the hocks together as - R

urine is directed over the glands. Miiller-Schwarze et al. (1977} = }

.

gland secretion and urine pnpduced 1n thws way. Moose have consp1cuous
between the toes and antorbital glands (Soko!ov, 1964 Buben1k et al.
among some moose in Europe (Schaffer, 1940) but are not read11y visib1e

specifica11y Y

The 1ocaTized -glandular areas have been studied h1stolog1ca11y

1964; Quay and Hu]]ér Schwarze 1970 1971, Muﬁler Schwarze and Mu]]er—
Schwarze_1971).and to some extent their secretory products have“been i
characterized hy histochemicaivtechniques (Brownlee et aZ.‘T969;‘ \ ‘ .

Bubenik et al. 1979) but 1ittle is known of 'the precise role such products

may play in o]factory communication betwpen animals. Ln such areas,
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: tarsa] g]and of black -tatled deer and are be]ieved to a1d7in

.'1. ,» \ - (

‘ -apocrine sweat g1ands are numerous_and sebaceous glands and

'arrector musc]es are larger than found in. surrounding skin tissue

(Quay and Mu]ler-Schwarze 1970, 1971) SpeciaIized hairs termed

osmetrichia were reported by Mu]]er‘Schwarze et al. 0977) in the

specia]ized scent retention .and dxstribut1on The cursory

histological examination of tarsal g}and tissue in the present. .

- study revea]ed the presence'of apocrine-1ike sweat g]ands simi]ar

in appearance to those reported in tarsa] gland tissue of other
cervids (Quay 1955, 1959; Quay and Miiller-Schwarze 1970, 1971);

In the skin of the bell,‘sebaceous glands were present
in the mid- term fetus as well as in older animals where they appeared

1arger in ma1es than in females. Sebaceous glands in the bell also

i 3

" appeared to‘ be larger in summer than in wi,nter. Similar seasonal

differences in the size of sebaceous glands in body skin have also

been reported in moose by Soko]ov (1964) and 1n roedeer, Chpreolus y‘

capreolus L., by Schumacher (1936) and in pronghorn by Moy (1969, 1970)

It is unknown whether sebaceous g]and secretions 1nc1ude any specific
pheromone or chemical scent cues (Quay and Muller-Schwarze 1970) \
Sweat glands .observed 1n the skin of the be}l'had a sma]ler

lumen diameter, were less numerous, more tightly coiled and not as

- deeply embedded in the dermfs as‘apocrine T1ike glands seen in tarsal

glands. A]though these sweat glands were closely associated with hair

e,

fo]licles 1t was notapossible to determine whether their ducts emptied :

2 -~
1
€

. S




_~into the fo]]icle or dqrect1y tho the epiderma] surface. Their 7 5 ; o ]
4 c]assffied as eccrine in human sk1n by Strauss and Eb11ng (1970),-

_s1m11ar in appearance to sweat g]ands ‘seen in sk1n of the cheek..

’hhsecretory area. it cou\d possib]y serve 1ndirect]y to disseminate
kt scent fhe mafe grey waterbutk Onotragus megaceros Gray and Capra "
- Spp.-. for examp1e, sp1ash urine and sometwmes sperm 1nto the hair or.
“?beard of the throat region (Lott 1974 Na]thers 1977) JTh1s behav1or i ,;;\mwﬁ
' has not beeﬂ‘observed 1n.moose but ma]es dig p1ts in the earth dur1ng h
j_the breeding season 1nto which they urinate (Kakies 1936, Skuncke 1949
;fThompson 1949; A]tmann 1959. Geist 1963 Lept 19’“), The bulls may mark 1
fthe1r antlers with ur1nb-$éaked earg' before 1ay1ng down andh:f:ﬁ_'

the rut pit (Van; Hormer 1972) \

rut pits or be produced. by sk1n g1andswttykhe‘per. comnr to A Bubenik - ’ﬂff_'
:f]978) SeTf—marking with urine has been described 1n bison and neindeern“:J

_ (Rangtfbr Spp. ) by Logt (1974) and Espmark (1964f4r65p ‘ﬂively These rffffi;

73

K
morpho]ogy and staining properties‘most c]ose]y resemb1ed g]ands "i = “4;;‘
Bloom and Fawcett (m975) and Leeson and, Leeson (1976) They were . \: Y

Sokolov (1964) also found the histology and d15tr1but1on of sweat

'and 'sebaceous glands in. the he1f similar to"those‘tn body skin.

It therefore appears doubtful that the sebaceOus and sweat g]ands . o

“in the moose be]] arenany more spec1alazed than those e]sewhere in o )

genera] body sk1n. V’eﬁ;ﬂr?'\“

A]though it appears unlikely that the beT] is a spec1a11zed

’\ h

A RN

;dn Norway have a. stroqg‘o odr

associated with thq head regTOn which may resu]t from contact with

-.n\ i ‘! Xf ‘
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.« “ L '
v .autr'ic.:rs- 'have 'suggéﬁgéd"tﬁi;kj ’the odour of, individual nale um;» o -
L may pernit bulls to usé bre-established aminance relations - . o .|
. R P effectively in the dark.. One might speculate‘tﬂhatAthe dangﬂng ’ \‘\« -
- " .moose bell, if marked with urine might similarly serve to | :

Lcomnunicate information to conspecifics. ) o ‘




=N
-3

WL
. v(-. .
st S " S

,
R

sgparan

B f ETERG S o o

P )
,
Ra sy 2
i .

L S .
_ R
= o .
D o oy )
v AN
AR

Y

Addison E M Foa. Johnson, -and A Eyvie. 1979. Dermacentor

LITERATURE 'cmb |

aszptctus on modse, Alces alces in Ontario J. Wild.
Dis. . (In press).w '

ey,

e M : - A
2 Riggenn, M. 1950, Grou dY"a"“CS of Wyoming moose during the

rutting season.  J. Mammal. 40: 420-424. v

‘e
kY

A..T. 1974. Rutting behavior of Newfound]and caribou .
In: The behavior of ungulates and its relation to management

Edited by V. Geist and F. R. Walther. .Morges, Switzerland;.
IUCN publications, no..24, vol. 2: 395435, , T

and D. W, Fawcett. ' 1975. A text boo\li'_.of histoibgy_,,ioth' ed.

JSaunders "Co., Toronto.

R. 6., R. M. Silverstein, D. Mﬁlier-Schwarze and A. G. Singer.
1969. Isolation, identification and function of the chief
component of the male tarsal scent in black-tailed deer.

" Nature, London. 231 (5177) 284-285,
u Bubenik A. B. 1959 Ein weiterer Beitrag zu den Besonderheiten der

Geweihtrophik beim Ren Z. Jagdwiss, 5: 51- 55

TTBubeﬂik A B ,1966, Das Geweih‘“P Parey Verlag, Hamburg u.‘Beniin Lo

f‘Bubenik,.A B. 1968 The Significance of antlers in the soc1a1 life

‘of the Cervidae. beer, 1 208 214,

:ﬁBubenik A. B. 1973, Hypothesis concerning the morbhogenesis in m&pse

antlers. Proc. 9th N. Amer, Moose Conf. and Horkshop. .
Quebec City, Quebec. , :

v .‘prenik A. B. " 1975, Significancew antlers in the social life of

barren ground caribou. Proc.‘lIst International Reindeer and
Caribou Symp Univ. of Alaska, Fairbanks. -

.‘premk A. B., 0. Williams and H. R. Timmermann. 1977. Visual

»
‘ir" -
Pt
48 ’ :
. * ~ . Bergerud,
Bloom, W.
3 . :
'Brownlee,
: -
L] FUSILN (
i o
Do A T
e bt
£
i' ’
. o
ST T L
i;‘
S
e
a_; J
) ‘i;-;i’ i Qyn’_ RN
e "
LTINg
ek FR
NS
¢ »4‘
0, -
[
i_.! o
o, "
C"
»

estimation of sex and social class in mogpse (Alcés alces)
~from the ground and the plane - a preliminary study. Proc.
13th N. Amer. Hoose Conf. and Horkshop, Jasper, Alberta

!

‘}Bubenik A. » 0. Hil]iams, and H. R Tinﬂbrmann. 1978. The:

significance of shooves in moose management - a preliminary .
study. Proc. 14th N. Amer. Moose Conf. and Horkshop +Halifax, °
Nova Scotia.

L S
B Tt '\
Ly v -
i 2Van N
A i LN,
’!‘ [ e vi,*‘ ' i
o * i '
C N A . . “"
b ‘ . . .
) ' - s L
! . "‘c.. c T, 3 7-:.
o . < oo S ]
“ : . - LA .
RRIEEAINN N ‘, ‘ ; - .‘
“*",‘ . ~ "‘ . - 4
e o :
S
" , -



)
By

- -~

Bubemk A..B., M. Dombalagian, J. W. Wheeler and 0. Williams.
; 1979 The role of the tarsal glands in the olfactory
communication of the Optario moose - a preliminary report.

' \Proc 15th N. Amer. Moose Conf. and Norkshop,, Kena,
o A]aska In Press ﬁu_ _i§- &

.)'7

Burt; M. H 1957 Mammals of the Great Lakes reg1on VUHiQF*qﬁ
: - ‘Mich, bess Ann Arbour. ,

o

‘Cahalane, V. J1961. Hannm}s of North America. Matmi]iian Co.,

New York.

. Chapman, D. I. 1975, Antlers - bone of contentlon - Mammal.

: Review 5 172

Crombrugghe, S. A. and F. VbrrEyer. 1968. La Determination de' 1'age
_ chez le-cerf (Cervus elaphus L.) Bulletin semestriel g
d' Informations et de Documentation cyneget1ques, Groupe de
Travail Subsidié par le Ministére de ('Agriculture et par
. la Féderatvon des Chqsses au Grand Gi ber, 3: 34-52.

Cowan, I, McT. and V. Ge?s& 1961. Aggresswve behavior in deer of :
' “the genus §hbcotleua - J. Mammal. 42: 522-526. ‘

; Dar11ngton, P. J., Jr. 1957 Zoogeography the geograph1caL _

dxstrxbution of anxma1s J. Ju1ley, New York.

L »

Dewdney, S. and K. E. Kidd, 1967. ‘Indian rock paintings of the

great lakes. Univ Toronto Press, Torgnto.

' Dodds , D G. 1958. Observations on pre- ruttwng behavior in
IO Newfoundland moose. J. Mammal. 39: 412-436.

Dorst J. and P. Dandelot.b 1970. A fweld guide to the Iarger o

e

o maunan ‘of Africa, C0111ns, London.

Dubdst, G. 1975 Le comportement du Chevrotain africain, Hyemoschus -
. aquaticus 0gilby (Art1odacty1a, Rum1nant1a) Z. Tierpsychol,
N 37: 449-501. - .

‘Duncan, W. B. 1955. Mu]tfple range and muliiple F-tests. Biometrics

1: 1-42.

Dr?vner, F. 1954, The animal kingdom. Book 1, mammals of the air,
land and’ wa\ers of- the world, Greyston Press, New York.

Eibl Eibesfeldt, I. 1970. Etho)ogy - The‘blo1ogy of behavior. 4H01t,
‘ Rinehart and H1nston. an ed,, New York. e

.

75" ‘




"vGrassé P. P. 1948. Traté de zoologie, anatom1e, systémat1que, |

+

Espmark Y 1964, Rutt1ng behaviour in reindeer (Rangifer tarlndus)
) Anim Behav. 12: 420-426. -

thz1nger, 1. J. 1874, Kritfsche untersuschungen dber die arten der
natiirlichen familie der Hirsche (Cervi). Sitzungsber. k.
Akad. Wiss. Wien, math.-- nat. k1., No. le Abt., Bd. 59,

. ’ pp. 128-182. :

Franzmann.. A, W. 1978, Moose. In: Big game of North America, ecology °

and management. Edited by J. L. Schmidt and D. L. Gilbert.
. Wildl. Manage. Inst. Stackpole, Harrvsburg Pa., pp. 67- 82

‘Graf,.W. - 1956. Terr1tor1alism in deer. 9. MammaT 37: 165-170.

Geist, V. 1963. On the behav1or of the North Amer1can moose .
(Alces aleces aﬂdersom) Peterson Behavior 20: 377- 4'|6. .
: . * ¥
Geist, V. 1965. On the rutting behavior of the mountain goat. ’
C J. Mammal, 45: 551 568, "

; Geist;;Y 1966. Ethological observations. on spme North Amer1can

cerv1ds. Zoolog. Beit. 12 219 250.

i Geiét,"v 1971, Mounta1n sheep - a study in behav1or and evoTut1on.
' ' Un1v of Ch1cago Press, Ch1cago . ,
Ny
biologie. Par1s, Mdsson..
Gunderson, H. L. and J. R. Beer. .1953. The Mammals of Minnesota.
Occasional papers: No. 6, Minn Mus of Nat. Hist., Univ.
of Minn. Press, Minneapolis . 178-180.

vGUthrie, R. D. 1971. - A new theory of nwnwalian rump patch ‘evolution.
‘Behaviour 38: 132-145.

Hailman, J. P. 1977. Optical €ignals: animal communications and light..

Indiana Univ. Press. Bloomington

Hediger; H. 1954, Skizzen zu einer Tierpsychologie W Zoo und 1m
. Zirkus. Stuttgart Europa Verlag. \_

0N

L

Herrick, C. L. '1892. Mammals of Minnesota, Bull. No. 7. Geo]ogica]
‘ and natural history survey of Ninn., Minpeapolis."

Houston, D. B. 1968. The Shiras moose in Jick'son Hole, Hyoming
Grand Teton” Natura] History Assoc. Tech. Bu11., No. 1.

-Hoqston, D. B. 1974. Aspects of the soc1a1 organization of moose. -
. In: The behaviour of ungulates and its relation to .

- management, Edited by V. Geist and F. R. Walther.” Morges,
Switzerland: IUCN publications, no. 24, vol. 2: 690-696. .

Y
)

77

“ M~-'

e St A,




Kakies, M. 1936. Elche zwischen Meer und Memel, GieSseﬁ:'
‘Briihl. . ' . fg ' ‘ -

Kitchén, D. W.-and P, T, Brom]ey 1974. Agonistic behavior.of
‘territorial pronghorn bucks. In: The behaviour of
ungulates and its relation to management. - Edited by

. V. Geist and F. R, Walther. Horges, Switzerland:
TUCN pub1icat1ons, no. ‘24, vo] : 365-381.
Knorre, E. P.r 1959 Ekologiya 1osya. Trudy Pechora - I1ych gos.
| Zapov. 7: 5-167. )
. LN

Kozhukhov, M. V. 1965. '[Hygiene of moose breeding]l. Biologiia i
promysel losya, rossel okhozizdat, Moskva 2: 162-218.
Unedited Translation from Russ1an by -Can. w11d1 Serv.,
Edmonton, Alberta.

Leeson, R. and T. Leeson. 1976.' Histology. 3rd ed, Saunders Co.,
: Toronto. ‘ :

Lent, P. C. 1974. .A review of rutting behaviour in moose.
Naturaliste can., 101: 307-323. -

Lillie, R. D. 1954, “Histopathologic technic and practical
histochemistry. The Blakiston Co., Inc., New York.

Lﬁhnberq, E. 1923. Sveriges Jaktbara'djur'Svenska Jordbrakets. bok,
_Albert Bonnier, Stockholm, Hift. 1, "1-65. :

Lorenz, K.. 1935. Der Kumpan in- der Umwelt des Vogels J. Drnith.,
83: 137. ,

Lott, D. F. 1974. Sexual and aggressive’ behaviour of adult male
American.Bison (3isom bisom). In: The behaviour of .
ungulates and its relation to management. Edited by .
V. Geist and F. R.“Halther, Morges, Switzer]and ~FUCN
publications, no. 24, vol. 1: 382 394,

Mailer, P. 1968. Visual systéms. In: Anima1 communicatibn

r ' Edited by T. A. Sebeok Univ. of Indiana Press, Bloomington.
‘pp. 103-126. )
Markgren, G. 1969. - Reproduction of}moqse in Sweden. V11trevy,
\ T 6 127-299. :

McPhee, C. P., G. McBride and J. W. James. 1965. Social behgyl our
_ of domestic animals. III. Steers in_small yards. :
Anim. Prod. 6: 9-15. - o




-

h\ T v ' ‘ ‘ - .

Meile, P. and A. B. Bubenik. | 1977 Erkennungs merkma]e der
sozialen klassen beim Gamswild. Tagungsbericht, 2.
Int. Gamswild - Treffen, Bled, gpp. 127-136.

Mitche]T‘ H. B. 1970. Rapid.aerial sexing of<anterlesy mao
~ 1n British Columbia. J. Wildl. Manage. 34: 645-646

Moy, R. F. 1964\' A study of five skin glands of the prong—horn_

(Antilocapra americana Ord). Master of Arts thes1s,
Univ. Hontana, MisSOuTa. ¥

hoy, R. F. '1870. Histology of the subauricular and rump glands:

- of the pronghorn (Antilccapra amerivana Ord)‘ Amer.
J. Anat. 129: 65-88.

Miller-Schwarze, D. 1967. Social odors in young-ma1e‘deer§ Amer.

Zool: 7: 430. !

Miller-Schwarze, D. 1971. Pheromones in b]ack-tai]ed ‘deer

(Odocoileus hemiomus columbianus). Anim. Behav. 19: 141-152.

‘ Hﬁl]er;SEhw@fze, D. and C. Miller-Schwarze. 1971. Olfactory fmprintiﬂg

' Polukhov, B. A. and B. H. Kulikova. 1958. Comparative histological

¢

in a precocial mammal., Nature, London 229: 55-56.

L

Mhller-Schuarze, D., N. J. Volkman and K. F. Zemanek. 1977.

Osmetrichia: specialized scent hair in black-tailed deer.

J. Ultrastructure research 59: 223-230.

Hurie,,A. 1934. The moose of Isle Royale. Misc. Pub1s Mus ZooT

Mich., No 25, Ann Arbour.
-

Nie, N. H., C. H. Hall, J. 6. Jenkins, K. Steinbrenner and D. H. Bent; Eds.

1975. ANOYA, p. 422-430, and T-test p. 267-274, in SPSS, 2nd

_ ed., HcGraw-H111; New York

7o

.

Passmore, R. C., R. L. Peterson and A: T. Cringan. In:” Peterson, Randolph

L. 1955, North American Moose. Univ. Toronto Press.

Peterson, R, L. 1955, North American Moose, Univ. Toronto Press, -

Toronto.

P

analysis of the skin of modSe and cattle. Shornik studentcheskikh

rabot Moskovski technolog. Institut. masnoi 1 molotchnoi

promysh]ennosti vol. 5. {(In Russ1an)

[ 4
Portmann, AT 1952. Animal forms and patterns' a study of ‘the appearance
of animals (Trans. by Hella Czech. ). Faber and Faber, London.&




e

T

' ’
Portmann A.. 1961’ Animags as socia] be1ngs (Trans. from German '
’ hﬁ-o}iver @oburn kaing Press, New York. A

Quay;*w B 1955. Histology and cytochemistry of skin g}and areas ‘
Toin the car1b0u,~”arngbr. d, Mammal 26: 187~ 201 ‘

Ouay, W. B. 1959 ﬂWicroscop1c structure and variat1on 1n the
cu%aneous ‘glands . of, the deer, (’docozZeus mrgzmanus. .
L d. MammaT 40 114 128, - ‘k¥f=~ :

Quay,“w ‘B 1968 The spec1a11zed postero]atera] sebaceous g]andu]ar
L regipns in microtfne rodents. J. Mammal, 49: 427 445

Quay, N B and D. Mh]]er-Schwarze 1970. Funttiona] h1sto]ogy of” ¢
A 1ntegumentary glandu]ar regions in black- tai]ed deer (OdbeozZeus
‘hemiorus columbianus). J Manma] 51:. 675 694,

Quay, W. B and D MiilTler- Schwarze. 1971. Re1at1ons of age and sex to
1ntegumentary glandular reg?ons in Rocky Mountain mule deer

-t (gdeecileus erionus herionus). J. Mammal. 52: 670-685.

2

‘Quay£ H. B. 1977. Structure and funct1on ‘of skin g]ands In: Chemical-

o Signa]s'1niyertebrates Edited by D. Miller- Schwarze and
. Mo M. Mozell. P1enum Pub. Corp., New York '

Ralls, K. 1969. ‘Scent marking in captive Maxwe11 s du1kers, Gevhalovhus kﬁ

ma:z:eZZz. Am. 7o01. 9: T071. © .

Ritcey, R %, and R. Y Fdwards. 1958, Parasites and d1seases of: the
Wells Gray moosg herd. J. Mamma] 39: 139~ 145

Ryder, M. L 1973. Hair. Inst. of Biol's stud1es 1n b1ology no 41
 Edward Arno]d, London. : e

. Samuel, w . ahd M. Barker ]979 Ep1zoot1c of the w1nter tick,

- DeXpacentor albipictus, on moose in Alberta. Proc. ]5th
N, er. Moose Conf.. and Norkshop, Kemai, Alaska.

Schaffer, J.° 1940. Die Hautdrusenorgane der Sauget1ere m1t béSonderer_-
Beriicksichtigung ihres histologischen Aufbaues und Bermerkungen
iber die Proktodaa]drusen Urban'and Schwarzenberg, Berlin
and Wien. : T S L j“‘- ‘

Sch'foeth R. 1958 Quelques moyens d' 1nter—conmun1cation des taureaux )
de Camargue, La Terre et Ta Vie; 2; 83-93.

Sch1oeth R. 1958 Cycle annue1 et comportement soc1a1 du taureau de
Camargue, Mammalia, 22: 121-139.

[ 4

. N
Lo



81
2
14
) <
Schumacher, S. . 1936, Das Stirnorgan des Rehbockes (capreOLus
capreolus capreclue L.), ein bisher unbekanntes Duftorgan.: Z.
mikr.-anat, Forsch 39: 215-230.
Sergeant, D E. and D. H. Pimlott. 1959, " Age determination in moose
: from sectioned incisor teeth. J. Wildl. Manage. 23: 315-321.
Seton, E. T. 1929. Lives of game animals. Vol. 3, part I
Hoofed animals, C. T. Branford Co., Boston.
.Sisson. S. and J:'D. Grossma 1953, The anatomy of, domestic animals.
- ~#th ed. W. B. SaunS&rs Co., Philadelphia. :
‘Skuncke, F. /1949, AIgen, studier, jaktoch vard. P. A. Norstedt and
; , oners, Forlag, Stockholm
Smith, W. J. 1977. The behavior of communicating an ethological
approach., Harvard Univ. Press, Cambridge.
Sokolov, V. E. 1964. Histology of the skin glands and tongue of
. moose: Biologiya i promysel,losya, vol. 1, pp. 174-195.
(In Russian). _ ' v
Strauss J. S. and F. J, Ebling. -1970. Control and function of skin
" glands in mammals. p. 241-368., In: -Hormones and the
environment. Edited by G. K. Benson and J. G. Phillips.
Cambridge Univ. Press, Cambridge. _
Strauss, J. S. and A, G. Matoltsy. 1973. Skin p. 477-506. In:
o Histology, 3rd ed. Greep, R. 0. and L. Weiss. McGraw-Hill
» Co., New York. )
Taber, R. D. 1958, ADeveIopmenf of the cervid ant]ers as aﬁ)index
to late winter physical cond1tion Proc. Montana Acad. Sci.
-18: 27-28. - N
Tay]or, W. P., ed. 1956. The deer of North America. The Stackpole
: - Co., Harrisburg. . .

Tembrock, G.. 1968. Land Mammals. p. 338-404. 1In: Animal communication.
Edited by T. A. Sebeok, Univ. of Indiana Press, Bloomington. :

Thompson, W. K. 1949, Observations on moose courting behavior. J.
w11d1 Mgt. 13 313.

~

Van Wormer, J. 1972. The world of the moose, J. B. L1pp1ncott Co.,
S New York.




‘'deVos, A., P.‘Brokx;ande.IGeist. 1967. A review of the social

82

Vaughan, T. A. 1972, Mamma]bg}. Saunders Co., Toronto.

behavior of the North American cervids during the-
reproductive'period. Am. Midl. Nat. 77: 390-417.

Vereshchag1n N. K. 1867. B1ologiya i promysel Tosya
[Biology and commercial uses of the elk], Symposium No. 3,
-pp.1-36. Soviet Ministry of Agricu]ture, Moscow -

V<Na1ther, F. R. 1958. Zum Kampf-und Paarungsverhaiten e1n1ger

‘Antilopen. Z. Tierpsychol., 15: 340 380.

Walther, F. R. 1961. Zum Kampfverhalten des Gerenuk (thocrantus
walleri). Natur. und Volk. 91: 313-321.

Walther’, F. R. 1964. Verhaltensstudien an der Gattung.TrageZaphus
De Blainville, 1816 in Gefangenschaft unter besonderer
" Beriicksichtigung des Soz1a1verha1tens Z. Tierpsychol..,
- 21: 393 467. < .

Walther, F. R. - 1974. Some reflections on expressive behaviour in . ) |
combats and courtship of certain horned unqulates. In:
The behavior of ungulates and its relation to management.
Edited by V. Geist and F. R, Walther, Morges Switzer]and:
TUCN publicatiods, no. 24, vol. 1: 56-106. -

Walther, F. R. :1977. Artiodactyla. p. 655-714. In: Ang animals -
‘ C nicate. Edited by T. A. Sebeok. Indiana Univ. Press,
Bloomington. : T

Wilkinson, P. R. 1967. The distribution of Dermacentor ticks in

Canada in re]at1on to b1oc11mat1c zones. Can, J. Zool. 45:
517-537. i o .

Young, J. Z. 1957. The*fife~of mammals. C]arenddn Press, Oxford

Zschetzsche. A. 1959, Physio]og1e und Zweckbest1mmung der . -Bartdruse
‘ beim Elchw11d Der Enblick, 14: 6. v

-+




" _APPENDIX 1. ‘Number of moose belbs examined 1975 - 1978
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Appendix ¢ “Selected profiles of moose showing bell devélopment and degree of
pigmentation in different age groups (after Bubenik et al.1977)
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Appendix 2 continued
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Appendix 3, Bell profiles ‘drawn with and without hair from

selected animals.
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