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ABSTRACT

Lumpy jaw infection in the lower jaw, age, and horn growth,
were assessed 1in skulls retrieved from sheep shot by
licensed hunters in the Yukon from 1979 to 1985.

The frequency of infected jaws, and the frequency and
severity of infections in lower jaws were closely correlated
and occurred most frequently in the area below the premolars

and molars.

Lumpy jaw occurred frequently in rams shot in the Yukon (37%
of all lower jaws submitted were infected). Southern rams

were more frequently infected (44%) than northern rams

(25%) .

There was no evidence that infected rams suffered higher
rates of mortality; old rams (9+ years) were more frequently

infected with more severity than young rams (<9 years).

No significant associations were observed between +the
frequency and severity of lumpy jaw infection and sheep
density or horn growth (basal c¢ircumference, length of
unbroomed horns, 2nd year’'s segment, and frequency of
brooming), when areas and ages were combined. However,
young Yrams in low density areas were more frequently
infected and broomed than young rams in medium and high
density areas. The infection and brooming in these young
rams was similar to that of old rams. Also, horn growth of
unbroomed horns was greater in rams from low density

populations.

These two relationships, increased horn growth and higher
frequency of brooming in young rams in low density sheep

populations, lends support to Geist’s (1971) hypothesis,



that horn growth facilitates early social dominance and rams
in low density populations enjoy faster horn growth. We
suspect young rams in low density populations in the
southern Yukon engage in the rut at an earlier age than
young rams in higher density populations and are therefore

predisposed to brooming and perhaps lumpy jaw infection.

We suggest that lumpy jaw infection in Dall sheep rams is
facilitated by physiological and physical stress which is
more likely to afflict socially active rams, and therefore
is a condition most common in dominant rams. However, we
found no evidence that lumpy jaw infection is debilitating

to sheep populations in the Yukon.



INTRODUCTION

Lumpy Jjaw 1is a disease characterized by localized

degeneration of the jaw bone. The disease has been commonly
associated with wild sheep (Ovis sSpp. ), and more

specifically with Dall sheep (0. dalli dalli; Murie 1944,
Neiland 1972, Hoefs and Cowan 1979, W. Heimer, pers. comm. ).

In Alaska, the Northwest Territories and the Yukon, vwhere
Dall sheep lower jaws have been collected, 25 to 50% of
collections have been described as having lumpy jaw (Murie
1944, Simmons 1982).

Early reports inferred that lumpy jaw in wild sheep was the

result of the bacteria Actinomyces, commonly found in

domestic cattle suffering similar symptoms. However, the
bacteria has never been isolated from infected sites on

either Dall or Bighorn sheep (0. canadensis). The bacteria

Corynebacterium pyogenes, and to a lesser degree

Fusobacterium necrophorum have been isolated from jaws of

wild sheep with the characteristics of the disease commonly
referred to as lumpy jaw (Glaze et al. 1982, Neiland 1972) .

Predisposition to the ailment is conjectured by Glaze et al.
(1982) to result from abnormal wearing of teeth, loss of
teeth, or disruption of the tooth arcade, creating sites for
infection by the oral necrotizing bacteria. The abnormal
wearing or disruption of the tooth row, it is postulated, is
the result of impaction of vegetable matter between the
teeth (Glaze et al. 1982), mastication of coarse or heavily
loess-silted vegetation (Egorov 1967, Hoefs and Cowan 1979,
Jensen 1974), defective tooth growth caused by micronutrient
or mineral deficiencies (Orr 1979, Broughton 1981), or
injury (Uhlenhaut and Stubbe 1980).



Range guality as a predisposing agent to lumpy jaw has not
been well-established. Lumpy jaw has been found to be more
prevalent in older sheep, and loosely correlated to tooth
wear (Glaze et al. 1982). Hoefs and Cowan (1979) and
subsequently Glaze et al. (1982) were of the opinion that
the high siltation on grasslands in the vicinity of Kluane
National Park Reserve resulted in higher levels of lumpy
jaw, manifesting itself in old sheep who had suffered higher

than usual tooth wear.

Both Orr (1979) and Broughton (1981) suspected that poor
early development of teeth, as a result of mineral or
dietary deficiencies, set the stage for mandibul ar
anomalies with loss of teeth, thus initiating entry of the

bacteria.

The effect of lumpy jaw on longevity or horn quality is
unknown. Murie (1944), through analysis of pick-up skulls,
suggested that infected sheep were less likely to 1live as

long as uninfected sheep.

The intent of this study was to evaluate the occurrence of
lumpy jaw in Dall sheep rams shot in the Yukon in the years
1979 to 1985 and to assess whether this disease has
management implications. Dall sheep are managed primarily
for trophy hunting. The trophy quality achieved in a giwven
ram is influenced by horn growth rates as well as the degree
of horn brooming, and both of these factors are related to
the age of the ram. Environmental stress factors, such as
this disease may lower life expectancy as well as negatively
influence horn quality, and therefore have management

relevance.



STUDY AREA

Analysis of lumpy jaw was carried out on lower jaws of sheep
submitted through compulsory submissions from sport hunters
in the Yukon. Jaws originated from sheep killed throughout
the Yukon with the exception of the north (north of 66
latitude), the extreme southwest corner (Kluane National
Park Reserve and Kluane Game Sanctuary), and a few protected
areas in the central Yukon (Fig. 1). The distribution of
sheep killed is a reflection largely of sheep density, road
access, and proximity to major human population centres.
The licensed sheep kill was regulated according to the Yukon
Wildlife Act and Game Regulations, prescribed for 11 Game
Management Zones (see Figqg. 1). The majority of the
submissions were from four zones and six ecological regions
{see Fig. 1). These four zones are ecologically distinct,
based on biophysical data, primarily vegetation, 1landform
and climate (Oswald and Senyk 1977).



Figure 1: Game Management Zones in the Yukon and number of lower jaws
and skulls submitted for measurements. Stippled area (:i:il)
shows sheep distribution, and hatched areas (/) are closed
to hunting.



In the southern Yukon, data were available on sheep density
within Game Management Subzones (subsequently referred to as
subzones). Comparisons of frequency of lumpy jaw infection
and horn growth were made with density class; 1 being less
than 1 non-lamb sheep per 10 km2 (low density), 2 being 1 to
5 non-lamb sheep per 10 km2 and 3 being greater than 5
non-lamb sheep per 10 km (high density). Density was
derived based on summer population counts within areas which

were delineated as subzones.

Lumpy jaw was assessed by identifying 17 sites on the lower
jaw and qualitatively assessing the extent and severity of
the bone degeneration. The breakdown of 17 sites was made
on the basis of tooth location (Fig. 2). Lumpy jaw at each
site was assessed from O to 3, with "O" being uninfected and
"3" representing severe infection, with severe swelling,
perforation or honey-combing of the mandible, and erosion of
the bone at the base of the teeth. An explanatory note

about this assessment is attached as Appendix II.

Five measurements were calculated: frequency of infected
sites, the tatal severity of infection per jaw (sum of all
severity measures), the average severity of each infection
on each jaw, and an index of severity which was calculated
as average severity of each infection multiplied by the
frequency of infection on each jaw. Correlations were made
on each of these measures of lumpy jaw with age and other

parameters.

Statistical treatments included analysis of variance (ANOVA)
when continuous variables were treated by categorical
variables, and chi-square analysis to compare frequency
data.
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Figure 2: Thinhorn sheep jaw showing location of tooth types and the location

of sites on the mandible assessed for lumpy jaw (X).



RESULTS

Measures of frequency of lumpy jaw infection and severity of
infection were all closely correlated. Three calculations
of lumpy jaw were used in further analysis: (1) presence or
absence of infection; (2) the number of sites infected per
jaw, and (3) the sum of all severity measures per jaw

(referred to as severity).

A total of 831 jaws were assessed for lumpy jaw, 465 from
the southern Yukon, 302 from the northern Yukon and 64 from
the east-central Yukon (zones 8, 10 and 11). In the
southern Yukon, 153 skulls were measured from low density
areas, 204 from moderate densities, and 106 from high
densities. Fifty-seven percent of all measured skulls were
from young rams (less than 9 years old), and 71% of all

skulls were unbroomed.

Lumpy jaw occurred more commonly in the region of the
mandible below the premolars and molars, and less frequently
in the anterior (area in the jaw below the incisors and in
front of the premolars), and posterior sections of the lower
jaw (area Dbehind the molars). This distribution of
infection in the jaw was similar throughout the Yukon,
although frequency and severity wvaried between regions.
From all infected jaws, less than 10% of all sites in the
anterior and the posterior sections were infected. In
contrast, greater than 30% of all sites in the region of the

premolars and molars of infected jaws were infected.

Regional differences

Lumpy jaw infection was 1linked to zone and ecological
region. Jaws from southern zones and ecological regions

were more frequently infected and had higher severity of



lumpy jaw than jaws from areas to the north. The percentage
of jaws infected in each zone ranged from 23.5 to 50.5) (see
Fig. 1). Regional differences in lumpy jaw were independent
of age; lumpy jaw occurrence and severity were more
prevalent in the south in both young and oclder-aged animals
(p<0.01).

Age

Older rams were more frequently infected (more jaws were
infected and there were more infections per jaw) and had
greater severity of infection than younger animals (Table
1), independent of region (p<0.05). Differences between age
and frequency of infection were particularly evident between
10 and 11 years. Less than 40% of rams, aged 6-10, were
infected with lumpy jaw, while over 50% of older rams were
infected (see Table 1).

Sheep density

In the southern Yukon, where sheep density estimates were
available, no significant relationships were found between
sheep density and lumpy jaw occurrence (p=0.33), or severity
(p=0.44). Even comparing the extreme density classes, no
relationships were evident between sheep density and either

occurrence (p=0.14) or severity (p=0.20) of lumpy jaw.

The trend in young rams, however, was toward less frequent
infections with increasing sheep density (Table 2).
Comparing the number of infected sites between density
extremes (class 1 and 3) we found a significant decrease in
infection in young rams, with increasing density (p<0.01;
see Table 2), and no relationship between sheep density and

lumpy jaw infection of older rams (p=0.89).



Table 1:

Age

O 0 3 O 0 b

10
11
12
13
14
15

Young
0ld

Age distribution of infected and non-infected jaws

from rams shot in the Yukon,

South
N %
3 0
25 32.0
73 34.2
98 42.9
78 41.0
75 49.3
57 49.1
31 61.3
17 64.7
6 50.0
2 50.0
0
277 38.6
188 52.7

32
60
57
45
42
30
18
14

151
151

50.
25.
21.
14.
20.
19.
36.
38.
50.
100.
100.

19.
29,

1980-85.

O O O W 3 O O O 39 O o

Total
N %

3 o
30 30.0
111 32.4
175 34.3
147 29.3
133 36.8
104 37 .5
66 51.5
37 51.4
21 52 .4

3 66 .7

1 100.0
466 29.4
365 39.2



Pelage, cohort, and year of collection

The rate or the severity of lumpy jaw was not related to the
pelage (subspecies) of sheep, its year of birth, or the year

in which the collection was taken (p>0.05).

Lumpy jaw, horn growth and brooming

We could infer no relationship between horn growth vigour
and infection when ages and regions were combined. The
frequency of jaws infected was not significantly associated
with total horn length of unbroomed horns (p=0.52), or the
length of the second (p=0.86), or third year’s horn
increment (p=0.92). Also, the frequency of jaws infected
was not related to the frequency of brooming (p=0.23).

However, when sheep density was considered, lumpy jaw
infection, brooming, and age appeared to be 1linked. More
young rams were broomed in low density areas (33%), than in
moderate (19%), or high density areas (18%; p=0.01l)(Table
2). In these low density areas brooming of young rams
occurred at a rate similar to that of old rams (399%;
p=0.29). Also, more young rams were infected (50%) in low
density areas than in moderate (36%) or high (27%) density
areas (p=0.0l1), and again, infection rate in young rams in
low density areas was similar to that of old rams in all

areas (p=0.67; see Table 2).

Also, horn growth was associated with density. As density
class increased, total horn 1length of unbroomed skulls
decreased (p<0.01; Table 3). The average length of the
second year’s horn segment and horn base circumference also
declined with density, although these relationship were
insignificant (p>0.27). These patterns were evident in old

and young rams.



Table 2: Percentage of jaws infected, mean number of
infections per jaw, and percentage of animals with
at least one horn broomed, by age class and sheep

density class.

%jaws x/jaw

Young Low 94 50.0 5.2 33.3
Medium 119 36.1 3.8 18.5
High 62 27.4 2.5 17.7
All 275 38.6 4.0 24.1
old Low 59 49.2 6.3 37.3
Medium 85 57.7 6.9 41.2
High 44 47.7 6.8 38.6
All 188 52.7 6.7 39.4
All Low 153 49.7 5.6 34.6
Medium 204 45.1 5.1 27.9
High 106 35.8 4.3 26.4



Table 3: Average horn measurements (mm), including base
circumference, horn length of unbroomed horns, and
the second year s horn segment, by age class and
density class.

Age Density Base Length 2nd seg.
N Mean N Mean N Mean

Young Low 83 341.3 80 887.0 94 21.8
Medium 119 338.0 97 869.3 119 19.9

High 62 332.0 51 855.0 62 19.2

All 274 337.6 228 872.0 275 20.3

0ld Low 58 339.4 37 951.2 56 17.2
Medium 85 339.4 49 931.2 83 16.5

High 43 338.8 27 908.6 42 15.4

All 187 339.3 113 932.4 181 16.5

All Low 152 340.6 117 907.3 150 20.1
Medium 204 338.6 146 890.1 202 18.5

High 105 334.8 78 873.6 10¢ 17.7



Generally, rams shot when they were young had lower
incidence of lumpy jaw infection (39% compared to 53%;
p<0.01), less brooming (p<0.01), and better horn dgrowth
(length of 2nd year segment, p<0.0l1) than rams shot when
they were old (see Tables 2 & 3). As a ram ages it is
likely predisposed to lumpy jaw infection and brooming.
Young rams in low density areas, however, were similar to
old rams in the degree of brooming and lumpy jaw infection,
and had a much higher incidence of brooming and infection

than young rams in high density areas.



DISCUSSION

Mandibular anomalies have been reported in most studied Dall
sheep populations (Sheldon 1930, Murie 1944, Neiland 1972,
Glaze et al. 1982), as well as in other wild sheep species.
Lumpy Jjaw is the general term for conditions of the jaw
resulting in osteolysis and enlargement, often associated
with aberrations of the tooth arcade (Glaze et al. 1982).
Severe cases of lumpy jaw result in perforation or
honey-combing of the jaw. The bacteria Cornebacterium

pyogenes and Fusobacterium necrophorium have been isclated

as the infection agents in Dall sheep jaws diagnosed as

having lumpy jaw (Glaze et al. 1982).

Lumpy jaw occurred commonly in Yukon Dall sheep rams. More
than 36% (n=831) of all harvested rams in the Yukon from
1979 to 1985 were infected with lumpy jaw. In Alaska, Murie
(1944) and W. Heimer (pers. comm.) found lumpy jaw to occur
in approximately 27% of all Dall sheep. Early examinations
in the southwest Yukon reported the prevalence of lumpy jaw
in as many as 70% of inspected jaws of pick-up skulls (Glaze
et al. 1972). Yet, in the Yukon, Dall sheep populations are
considered stable and healthy; no regular occuring die-offs
have been observed, and the hunter-kill has been relatively
stable since 1978 (Table 4).

We observed lumpy jaw to occur frequently in the area of the
mandible below the premolars and molars and infrequently in
the anterior and posterior sections of the lower jaw (see
Fig. 2). Dental anomolies of wildebeest in Tanzania also
occurred most frequently in the mid-section of the mandible,
which Gainer (1981) believed was related to the animal “s
growth patterns. Gainer (1981) suspected that retarded
growth would result in inadequate space between the P3 (2nd
premolar from the anterior) and molar teeth to accommodate



Table 4: Number of sheep and average age of rams shot by
licenced hunters in the Yukon, by year, from 1980

to 1988.
Year Number killed Average age
1980 253 8.7
1981 252 8.8
1982 260 8.6
1983 219 8.5
1984 227 8.0
1985 262 8.3
1986 253 8.5
1987 286 8.7

1988 322 8.9



the later-erupting P4 (3rd premolar from the anterior), and
therefore lead to disruption of the tooth arcade. Impaction
of vegetation and tooth wear would also be expected to occur
more frequently in the area of mastication, in the
mid-section of the jaw, than in the anterior and posterior

areas.

Lumpy jaw and tooth wear

Aitcheson and Spence (1983) examined heads of domestic sheep
in Scotland and also found that where incisor loss,
malalignment or looseness occurred there was a likelihood of
cheek tooth disease. Glaze et al. (1982), conjectured that
lumpy jaw in Dall sheep was related to nutritional
conditions which influenced tooth development and wear. It
remains unclear whether tooth conditions predispose rams to
lumpy jaw, whether lumpy jaw influences tooth conditions, or

whether both are independently related to nutrition.

Regional differences

We observed that twice as many jaws were infected with lumpy
jaw in the south than the north (see Fig. 1). These
regional differences were unrelated to age distribution,

which was similar between regions (p<0.01l).

In the south average sheep densities are higher (unpubl.
data) and there is greater average horn vigour in rams than
in the north. Southern rams had greater horn base
circumferences (p<0.0l1l) and greater length of the second
year s horn segment (p<0.0l1) than northern rams. Bunnell

(1978) found horn growth in Dall sheep associated with range



conditions, with the greatest variation in horn growth
evident in the early vyear classes. This has been
substantiated by Mindek (unpubl. rep.). Yet, sheep in the
south on presumably better range, were much more frequently

infected with lumpy jaw.

Higher sheep densities in the south compared to the north
did not explain the higher incidence of lumpy jaw infection
in southern rams. Where density estimates were available in
the south, no association was found between density and

lumpy jaw occurrence.
Therefore, we found no inferences that nutrition or density
was able to explain the regional disparity in lumpy jaw

infection.

Age and Lumpy Jaw

Contrary to Murie’'s (1944) interpretations, lumpy jaw did
not appear to lower life expectancy. Murie (1944) examined
sheep skulls picked up after an all-age die-off, and found
that sheep afflicted with lumpy jaw were on average younger
than uninfected sheep. Infected rams harvested in the Yukon
were older than uninfected hunter-killed rams (see Table 1).
This relationship was consistent between regions, and also
similar to observations made by Glaze et al. (1982).
Associated with aging are greater mortality rates and
increased tooth wear, including broken and missing teeth
(unpubl. data). Hoefs and Cowan (1979) estimated that only
13% of 7 and 8 year old sheep died annually in the Kluane
National Park Reserve, compared to 46% of older rams. The
links between aging, social activity, physiological stress,
and consequently over-winter survival are intuitively
obvious. Presumably, old rams are also predisposed to lumpy

jaw infection.



Population density, horn growth and lumpy jaw

Generally, rams which were shot as young rams displayed
greater horn growth, less brooming, and were less frequently
infected than older rams (see Table 2). We suspect that
vigorous horn growth increases a ram’s vulnerability to
hunting when he is young. Brooming of horns has been linked
to intra-specific fighting (Shackleton and Hutton 1971),
therefore it is reasonable to assume brooming should reflect
social activity. O0ld rams are more socially active (Geist

1971), and therefore more frequently broomed.

However, these general patterns of age, horn brooming and
lumpy jaw infection were not observed in low density areas.
Here, young rams were more frequently broomed and infected,
at rates similar to those of old rams (see Table 2). It is
possible that young rams in low density populations are
attaining dominance sooner than young rams in higher density
areas, as suggested by Geist (1971). Geist noted patterns
of greater horn growth and body size, faster growth rates,
lower life expectancies, and higher fecundity from low
density herds of bighorn and Stone sheep, as compared +to
high density, stable herds. He hybothesized that rams at
low densities would engage in courtship activities at
younger age and consequently have a lower life-expectancy.

This hypothesis was corroborated by Shackleton (1973).

Consistent with Geist’s (1971) hypothesis, lower densities
of sheep in the Yukon produced rams with greater total horn
length, and a tendency to have a greater second year horn
segment than high density populations (see Table 3). Fewer
competing, dominant, old rams, or vigorous horn growth of
young rams, may facilitate early social dominance in low

density areas. Young rams engaged in the rut "prematurely"”



are predisposed to brooming. In other words, young rams

become "o0ld" rams sooner in low density areas.

This suggests that rams actively engaged in rut activities
are prone to lumpy jaw infection. The rut is an extremely
demanding activity (Geist 1971) 1likely influencing body
condition and subsequent survival. Rams engaged in the rut
reduce foraging bouts while expending more energy (Geist
1971). No doubt, there is a deterioration of body condition
as the rut proceeds. Full-curl, radio-collared Dall sheep
rams in the northern Yukon were more likely to die in the
period immediately following the rut than in any other
period of the year (YTG unpublished data). Full-curl rams
also suffer higher rates of natural mortality than rams with
smaller horn-curls (Hoefs and Cowan 1979, Simmons and Bayer
1984). Poorer body condition implies increased
physiological stress possibly predisposing rams to disease.
Also, the skull battering associated with the rut may result
in physical injury to the tooth arcade as a predisposing
mechanism. Uhlenhaut and Stubbe (1980) examined 180 Mouflon

(O. ammon musimon) ram skulls and found sites of damage in

the form of horn, tooth and bone injury in 75% of the
skulls, which they related to injuries caused by fighting.
Further, they found the injury rate increased when the rams
attained sexual maturity. We surmise that Ilumpy jaw
infection in Dall sheep rams is facilitated by physiological
and physical stress amplified by social activities, and

therefore a condition most common in dominant rams.
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INSTRUCTIONS FOR THE CoMPLETION 0F "STALDAZD™ FuPH To POCUNEVT
SI2ES OF MANPIBLES OF SHEEP AWD GUATS, ToOTH WEAR FATES AMD PR ESE~CK
ALD SEVERLTY OF "pLumpy Jaw*

1) Definitions and terminology:

Sheep and geat teeth are clascified as follows:
Tnecisors: r-y, 1-2, 1I-3

Canines: Cc-1

Premolars: P-2, P-3, P-4
Molars: M-1, M-2, ¥-3

Incisors and canine teeth are incisitorm, while prz:rolars
and molars are molariform; the third molar, M-3, Lzving
three cusps in the wazndible but only two cusps in the wmaxilla.

The tooth formula is as follows: I1I-0/3, (-0/1 P-3/3 M-3/3

Daviation from the normal formula are referred to as "oligcdonty",
if (naturally) the animal does not have a complete set, oxr s
"polydonty" if it has supernumerary teeth. Both these phenomena
have been observed in sheep. Often the first premwolar, P—2, is
missing, while a canine may be found in the maxilla.

_—




e daside of ihe L R R S S S .
referred to as the "lieon il 4 7o)~ hidile the ounts’ "o e,
Bere thoe ]‘:;‘.S are Yoo ?'.-'-H,, i P TP - SR S PR t o e e
cida,
Vo 1ts of jaw and tovih:
471 cEsuverents ave Jonme in oveitrie, on o this form i oo,
7 T oY F e
(7) 'eenmgih o oof .
Ceadible s Lesznaad wiahoa caliPe from 1ts test
- - : . = PR S Tyt . L — - P DR
pesterior extansion ("X on drzxwiapg) to the base of the
. . . 1"zt - .
first inci<or ("Y' on drawing).
(8) lzngth of the nolariform tucth row is weazsured from the
interior side of P-2, where its “ase touchas the randidble

ide of ¥-3, where 1dts

("A" on drawing) to thke postarior si
and e ("B" on drawing).

&
tese protrudes from the ra

Total length of teeth is determined either from Y-ray photo-
graphs or, in the cese of I-1, by pulling the tooth out of

the mandible. Maximal lengths are deterrined from the longest
extent of the root to the highest porticn of the tooth pro-

truding out of the mandible.

L
]

length above mandible

:Zaﬂqﬂyé i/

total length of tooth

Usually the posterior most cusp of molariform teeth is the
highest and should be measured.

O0f the incisiform teeth only I-1 will be measured,. for the
others the following notations will be made:

P = present m = missing (naturally) b = broken
(oligodonty)

"m" or "b" will also be used for molariform teeth, if they
are not present.

All teeth are to be measured on the lingual side of jaw.

Width of I-1 refers to width of crown.



Aa atteept Y%is Yoo cwle to gquaatify as far
tte Joensentation of the L aditulay dicecsise commanly o
as "lumpy jaw'", so0o that differecat pecple dinspecting thease
up with similar asseszments =2nd that cowparisocns are possi
other shevep populations affected by this disease.

The mandibla to Le inspocted i3 divided into
17 scctions to allew detsiled cdescription of initiation :nd s proad
of Jdisecse znd to corvelate these with age of znimal,

The 17 sections are distributed into three “vertical"

layers in a dorso-ventral plane, znd into six sescticns in an
anterior-posterior direction.

The vertical layers are each about 1/3 the width of the
mandible X-Y-Z, except for the anterior mest portion where only
two are found (Y & Z) because of the narrowing of the jaw between
imolariform and incisiform teeth; the six horizontal sections refer
to areas (1) "anterior" to premolars, (2) under premolars, (3) under
M-1, (4) under M-2, (5) under ¥-3, and (6) posterior to the molari-

form tooth row.

The following drawing shows this division:




For cach of th co 17 Jdioicdfons 10 Lrescao cud a0t
of fnfeation will be rated fato0o frur Jeyrees of severi Ly o5 Fo0) 00

0 = pot infected, bosa naiaral oad campact

1 = slighitly infected, swnlling of wandible in this regicn L5
revealed by increase in width, souwe perforation of buie,
but teeth normal, no necrosis or osteolysis.

2 = infcetion of redivn severity. Prenouacsd cwelling of -z~
dibular regicn, increased perforaticn of btone, soie nocrosis
(erosion of bone) at base of teeth, uneven wear of teeih,
angle of teceth affected.

3 = severe infection: severe neccrosis and osteolysis, teceth de-
formed, growing in displaced angles, broken or missing
entirely. Severe suelling of wandible. Large holes in
mandible, "honey-combing" of jaw. Bcne at base of teeth
eroded away, resulting in appearance of greatly elongated
cheek teeth.

Photographs of various stages of infection will be 1mmade
up for reference; and assessments of infected jaws shculd only be
carried out if a healthy jaw is at hand for comparisons.

-
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Abstract

Norman Barichéllo, Jean Carey, Manfred Hoefs, and Hanne
Hoefs. Lumpy jaw in thinhorn sheep in the Yukon.

Lumpy Jjaw infection in the lower jaw, age, and horn
growth, were assessed in skulls retrieved from sheep shot by
licensed hunters in the Yukon from 1979 to 1985.

The frequency of infected jaws, and the frequency and
severity of infections in lower jaws were closely correlated
and occurred most frequently in the area below the premolars
and molars.

Lumpy jaw occurred frequently in rams shot in the Yukon
(37% of all lower jaws submitted were infectedl}. Southern
rams were more frequently infected (44%) than northern rams
(25%) .

There was no evidence that infected rams suffered
higher rates of mortality; old rams (9+ years) were more
frequently infected with more severity than voung rams (<9
vears).

No significant associations were observed between the
frequency and severity of lumpy Jjaw infection and sheep
density or horn growth (basal circumference, 1length of
unbroomed horns, 2nd vear's segment, and frequency of
brooming), when areas and ages were combined. However,
voung rams in low density areas were more frequently
infected and broomed than young rams in medium and high
density areas. The infection and brooming in these voung

rams was similar to that of old rams. Also, horn growth of



unbroomed horns was greater in rams from low density
populations.

These two relationships, increased horn growth and
higher frequency of brooming in young rams jn low density
sheep populations, lends support to Geist's (1971)
hypothesis, that horn growth facilitates early social
dominance and rams in low density populations enjoy faster
horn growth, We suspect voung rams in low density
populations in the southern Yukon engage in the rut ﬁt an
earlier age than young rams in higher density populations
and are therefore predisposed to brooming and perhaps lumpy
jaw infection.

We suggest that lumpy Jjaw infection in Dall sheep rams
is facilitated by physiological and physical stress which 1is
more likely to afflict socially active rams, and therefore
is a condition most common in dominant rams. However, we
found no evidence that lumpy jaw infection is debilitating

to sheep populations in the Yukon.



Introduction

Lumpy jaw 1is a disease characterized by 1localized
degeneration of the jaw bone. The disease has been commonly
associated with wild sheep (Ovis SpR. ), and more

specifically with Dall sheep (0. dalli dalli; Murie 1944,

Neiland 1972, Hoefs and Cowan 1979, W. Heimer, pers. comm. ).
In Alaska, the Northwest Territories and the Yukon, where
Dall sheep lower Jjaws have been collected, 25 to 50%X of
collections have been described as having lumpy Jjaw (Murie
1946, Simmons 1982).

Early reports inferred that lumpy jaw in wild sheep was

the result of the bacteria Actinomyces, commonly found in

domestic cattle suffering similar symptoms. However, <the
bacteria has never been isolated from infected sites on

either Dall or Bighorn sheep (0. canadensis). The bacteria

Corvnebacterium pvogenes, and to a lesser degree

Fusobacterium necrophorum have been isolated from jaws of

wild sheep with the characteristics of the disease commonly
referred to as lumpy jaw (Glaze et al. 1982, Neiland 1972).
Predisposition to the ailment is conjectured by Glaze
et al. (1982) to result from abnormal wearing of teeth, loss
of teeth, or disruption of the tooth arcade, creating sites
for infection by the oral necrotizing bacteria, The
abnormal wearing or disruption of the tooth row, it is
postulated, is the result of impaction of vegetable matter
between the teeth (Glaze et al. 1982), mastication of coarse

or heavily loess-silted vegetation (Egorov 1967, Hoefs and



Cowan 1979, Jensen 1974), defective tooth growth caused by
micronutrient or mineral deficiencies (Orr 1979), or injury
(Uhlenhaut and Stubbe 1980).

Range quality as a predisposing agent to lumpy jawvhas
not been well-established. Lumpy jaw has been found to be
more prevalent in older sheep, and loosely correlated +to
tooth wear (Glaze et al. 1982). Hoefs and Cowan (1979) and
subsequently Glaze et al. (1982) were of the opinion that
the high siltation on grasslands in the vicinity of Kluane
National Park Reserve resulted in higher 1levels of lumpy
jaw, manifesting itself in old sheep who had suffered higher
than usual tooth wear.

Both Orr (1979) and Broughton (pers. comm) suspected
that poor early development of teeth, as a result of mineral
or dietary deficiencies, set the stage for mandibular
anomalies with loss of teeth, thus initiating entry of the
bacteria.

The effect of lumpy jaw on longevity or horn quality is
unknown. Murie (1944), through analysis of pick-up skulls,
suggested that infected sheep were less likely to 1live as
long as uninfected sheep.

The intent of this study was to evaluate the occurrence
of lumpy Jjaw in Dall sheep rams shot in the Yukon in the
vears 1979 to 1985 and to assess whether this disease has
management implications. Dall sheep are managed primarily
for trophy hunting. The trophy quality achieved in a given

ram is influenced by horn growth rates as well as the degree



of horn brooming, and both of these factors are related to
the age of the ram. Environmental stress factors, such as
this disease may lower life expectancy as well as negatively
influence horn quality, and therefore have management
relevance.

Materials and Methods

Analysis of lumpy jaw was carried out on lower jaws of
sheep submitted through compulsory submissions from licensed
sport hunters throughout most of the Yukon (Fig. 1) from
1979 +to 1985. The distribution of sheep killed was a
reflection 1largely of sheep density, road access, and
proximity to major human population centres. The licensed
sheep kill was regulated according to the Yukon Wildlife Act
and Game Regulations, prescribed for 11 Game Management
Zones (see Fig. 1). The majority of the submissions were
from four zones and six ecological regions. These four
zones are ecologically distinct, based on biophysical data,
primarily vegetation, landform and climate (Oswald and Senyk
1977).

Information regarding the kill was recorded on standard
Yukon Biological submission forms (Appendix I). Data
pertaining to the ram killed included date and location of
the kill, age, colour of pelage (indicating subspecies: O.

d. dalli or 0. d. stonei), length and circumference of each

horn annuli and year of birth.
Location of the kill was assigned a Game Management

Zone (subsequently referred to as zone) and an ecological



region, as defined by Oswald and Senyk (1977). For much of
the analysis, comparisons were made between north, which
included zones 2 and 4, and south, which included zones 5
and 7 (see Fig. 1). Ages were determined by counting horn
annuli, according to Hemming (1969), and grouped as "young™,
being 8 years of age or less, and "o0ld", being 9 vears of
age or gdgreater. Three measures of horn growth were used in
the analysis; total horn length of unbroomed rams, length of
the second year's horn segment of unbroomed rams, and horn
base circumference. Broomed horns were broken horns and did
not include horns which had gradually worn at the tips
(Hemmings 1969, Hoefs et al. 1982). If at least one horn
was broomed the skull was classified as "broomed". The
length of ¢the second vear's horn segment was thought +to
reflect vigour of young animals. Hemming (1969), Giest
(1971), Shackleton (1973) and Bunnell (1978) all reported
that the maximum horn 1length was attained in <the second
vear, and unpublished data in the Yukon have indicated that
the second years segment length displays +the greatest
variation.

In the southern Yukon, data were available on sheep
density within Game Management Subzones (subsequently
referred to as subzones). Comparisons of frequency of lumpy
jaw infection and horn growth were made with density class;
1 being less than 1 non-lamb sheep per 10 km2 (low densityv),
2 being 1 to 5 non-lamb sheep per 10 km2 and 3 being greater

than 5 non-lamb sheep per 10 km (high density). Density was



derived based on summer population counts within areas which
were delineated as subzones.

Lumpy 3jaw was assessed by identifying 17 sites on the
lower Jjaw and qualitatively assessing the extent and
severity of the bone degeneration. The breakdown of 17
sites was made on the basis of tooth location (Fig. 2).
Lumpy jaw at each site was assessed from 0O to 3, with ™Q"
being uninfected and "3" representing severe infection, with
severe swelling, perforation or honey-combing of the
mandible, and erosion of the bone at the base of the teeth.
An explanatory note about this assessment 1is attached as
Appendix II.

Five measurements were calculated: frequency of
infected sites, the total severity of infection per jaw (sum
of all severity measures), the average severity of each
infection on each jaw, and an index of severity which was
calculated as average severity of each infection multiplied
by the frequency of infection on each jaw. Correlations
were made on each of these measures of lumpy jaw with age
and other parameters.

Statistical treatments included analysis of variance
(ANOVA) when continuous variables were treated by
categorical variables, and chi-square analysis to compare
frequency data.

Results
Measures of frequency of 1lumpy Jjaw infection and

severity of infection were all closely correlated. Three



calculations of lumpvy jaw were used in further analysis: (1)
presence or absence of infection; (2) the number of sites
infected per jaw, and (3} the sum of all severity measures
per jaw (referred to as severity).

A total of 831 jaws were assessed for lumpy jaw, Gé5
from the southern Yukon, 302 from the northern Yukon and 64
from the east-central Yukon (zones 8, 10 and 11),. In the
southern Yukon, 153 skulls were measured from low densityv
areas, 204 from moderate densities, and 106 from high
densities. Fifty-seven percent of all measured skulls were
from voung rams (less than 9 years old), and 71% of all
skulls were unbroomed.

Lumpy Jjaw occurred more commonly in the region of the
mandible below the premolars and molars, and less frequently
in the anterior (area in the jaw below the incisors and in
front of the premolars), and posterior sections of the lower
jaw (area behind the molars). This distribution of
infection in the jaw was similar throughout +the Yukon,
although frequency and severity varied between regions.
From all infected jaws, less than 10% of all sites in the
anterior and the posterior sections were infected. In
contrast, greater than 30% of all sites in the region of the
premolars and molars of infected jaws were infected.

Regional differences

Lumpy jaw infection was linked to zone and ecological
region. Jaws from southern zones and ecological regions

were more frequently infected and had higher severity of



lumpy jaw than jaws from areas to the north. The percentage
of jaws infected in each zone ranged from 23.5 to 50.5% (see
Fig. 1). Regional differences in lumpy jaw were independent
of age; lumpy Jjaw occurrence and severity were more
prevalent in the south in both young and older—aged animals
(p<0.01).
Age

Older rams were more frequently infected (more jaws
were infected and there were more infections per jaw) and
had greater severity of infection than vyounger animals
(Table 1), independent of region (p<0.05). Differences
between age and frequency of infection were particularly
evident between 10 and 11 years. Less than 40% of rams,
aged 6-10, were infected with lumpy jaw, while over 50% of
older rams were infected (see Table 1).

Sheep density

In the southern Yukon, where sheep density estimates
were available, no significant relationships were found
between sheep density and lumpy jaw occurrence (p=0.33), or
severity (p=0.44). Even comparing the extreme density
classes, no relationships were evident between sheep density
and either occurrence (p=0.164) or severity (p=0.20) of lumpy
jaw.

The +trend in voung rams, however, was toward less
frequent infections with increasing sheep density (Table 2).
Comparing the number of infected sites between density

extremes (class 1 and 3) we found a significant decrease in



infection in young rams, with increasing density (p<0.01;
see Table 2), and no relationship between sheep density and
Jumpy jaw infection of older rams (p=0.89).

Year of birth

The rate or the severity of lumpy jaw was not related
to the ram's birth year (p=0.26 and p=0.52, respectively).

Lumpy jaw, horn growth and brooming

We could infer no relationship between horn growth
vigour and infection when ages and regions were combined.
The frequency of Jjaws 1infected was not significantly
associated with total horn 1length of unbroomed horns
(p=0.52), or the 1length of the second (p=0.86), or third
vear's horn increment (p=0.92). Also, the frequency of jaws
infected was not related to the frequency of brooming
(p=0.23).

However, when sheep density was considered, lumpy Jjaw
infection, brooming, and age appeared to be 1linked. More
voung rams were broomed in low density areas (33%), than in
moderate (19%), or high density areas (18%3 p=0.01)(Table
2). In these low density areas brooming of young rams
occurred at a rate similar to that of old rams (39%;
p=0.29). Also, more young rams were infected (50%) in low
density areas than in moderate (36%) or high (27%) density
areas (p=0.01), and again, infection rate in young rams in
low density areas was similar to that of old rams in all

areas (p=0.67; see Table 2).



Also, horn growth was associated with density. As
density class increased, total horn 1length of unbroomed
skulls decreased (p<0.01; Table 3). The average 1length of
the second vear's horn segment and horn base circumference
also declined with density, although these relationship were
insignificant (p>0.27). These patterns were evident in old
and voung rams.

Generally, rams shot when they were voung had lower
incidence of lumpy jaw infection (39% compared to 53%;
p<0.01), 1less brooming (p<0.01), and better horn growth
(length of 2nd vear segment, p<0.01) than rams shot when
they were o0ld (see Tables 2 & 3). As a ram ages it is
likely predisposed to lumpy Jjaw infection and brooming.
Young rams in low density areas, however, were similar to
old rams in the degree of brooming and lumpy jaw infection,
and had a much higher incidence of brooming and infection
than yvoung rams in high density areas.

Discussion

Mandibular anomalies have been reported in most studied
Dall sheep populations (Sheldon 1930, Murie 1944, Neiland
1972, Glaze et al. 1982), as well as in other wild sheep
species. Lumpy Jjaw is the general term for conditions of
the jaw resulting in osteolysis and enlargement, often
associated with aberrations of the tooth arcade (Glaze et
al. 1982). Severe cases of lumpy jaw result in perforation

or honey—-combing of the jaw. The bacteria Cornebacterium

pyvogenes and Fusobacterium necrophorum have been isolated as




the infection agents in Dall sheep jaws diagnhosed as having
lumpy jaw (Glaze et al. 1982).

Lumpy jaw occurred commonly in Yukon Dall sheep rams.
More than 36% (n=831) of all harvested rams in the Yukon
from 1979 to 1985 were infected with lumpy jaw. In Alaska,
Murie (1944) and W. Heimer (pers. comm.) found lumpy jaw to
occur in approximately 27% of all Dall sheep. Early
examinations in the southwest Yukon reported the prevalence
of lumpy jaw in as many as 70% of inspected jaws of pick—up
skulls (Glaze et al. 1972). Yet, in the Yukon, Dall sheep
populations are considered stable and healthy; no regular
occuring die-offs have been observed, and the hunter-kill
has been relatively stable since 1978 (Table 4).

We observed lumpy jaw to occur frequently in the area
of +the mandible below +the premolars and molars and
infrequently in the anterior and posterior sections of the
lower jaw (see Fig. 2). Dental anomolies. of wildebeest 1in
Tanzania also occurred most frequently in the mid-section of
the mandible, which Gainer (198l) believed was related +to
the animal's growth patterns. Gainer (1981) suspected that
retarded growth would result in inadequate space between the
P3 (2nd premolar from the anterior) and molar teeth to
accommodate the 1later—erupting P4 (3rd premolar from +the
anterior), and therefore lead to disruption of +the tooth
arcade. Impaction of vegetation and tooth wear would also

be expected to occur more frequently in the area of



mastication, in the mid-section of the 3jaw, than in <the
anterior and posterior areas.

Aitcheson and Spence (1983) examined heads of domestic
sheep in Scotland and also found that where incisor loss,
malalignment or looseness occurred there was a likelihood of
cheek tooth disease. Glaze et al. (1982), conjectured that
lumpy Jaw in Dall sheep was related to nutritional
conditions which influenced tooth development and wear. It
remains unclear whether tooth conditions predispose rams +to
lumpy jaw, whether lumpy jaw influences tooth conditions, or
whether both are independently related to nutrition.

We observed that twice as many jaws were infected with
lumpy jaw in the south than the north (see Fig. 1). These
regional differences were unrelated to age distribution,
which was similar between regions (p<0.01).

In the south average sheep densities are higher
(unpubl. data) and there is greater average horn vigour in
rams than in the north. Southern rams had greater horn base
circumferences (p<0.01) and greater 1length of the second
vear's horn segment (p<0.01) +than northern rams. Horn
length and mass in thinhorn (0. dalli) and bighorn 0.

canadensis) sheep has been correlated with latitude (Wishart

and Brochu 1982), glacial cover (Heimer and Smith 1975),
population density (Geist 19713 Shackleton 1973), and summer
precipitation (Bunnell 1978)3 factors presumably 1linked ¢to

range quality. Yet, sheep in the southern Yukon on



presumably better range, were much more frequently infected
with lumpy jaw.

Higher sheep densities in the south compared to the
north did not explain the higher incidence of 1lumpy 3Jjaw
infection in southern rams. Where density estimates were
available in the south, no association was found between
density and lumpy jaw occurrence.

Therefore, we found no inferences that nutrition or
density was able to explain the regional disparity in lumpy
jaw infection.

Bunnell (1978) found significant annual variation in
horn growth of Dall sheep which he correlated with
recruitment rates and summer precipitation. Bunnell
suggested that annual variation in range quality influenced
horn growth particularly in younger age-classes. Poor horn
growth is probably associated with generally poor physical
development (Geist 1971) and possibly poor tooth
development. orr (1979) suggested that poor tooth
development would predispose sheep to lumpy Jjaw infection.
Although we do not know the relationship between vear and
physical condition or tooth development in Yukon Dall sheep,
we were unable to link lumpy jaw infection to the year of a
rams birth,

Contrary to Murie's (1944) interpretations, 1lumpy 3Jaw
did not appear to lower 1life expectancy. Murie (19464)
examined sheep skulls picked up after an all-age die-off,

and found that sheep afflicted with lumpy Jjaw were on



average vounger than uninfected sheep. Infected rams
harvested in the Yukon were older than uninfected
hunter-killed rams (see Table 1). This relationship was
consistent between regions, and also similar to observations
made by Glaze et al. (1982). Associated with aging are
greater mortality rates and increased tooth wear, including
broken and missing teeth (unpubl., data). Hoefs and Cowan
(1979) estimated that only 13% of 7 and 8 year o0ld sheep
died annually in the Kluane National Park Reserve, compared
to 46% of older rams. Similar age-related mortality rates
were calculated from Murie's (1944) Dall sheep demographic
data. The links between aging, social activity,
physiological stress, and consequently over—winter surviwval
are intuitively obvious. Presumably, old rams are also
predisposed to lumpy jaw infection.

Generally, rams which were shot as voung rams displawved
greater horn growth, less brooming, and were less frequently
infected than older rams (see Table 2). We suspect that
vigorous horn growth 1increases a ram's vulnerability to
hunting when he is young. Brooming of horns has been linked
to intra-specific fighting (Shackleton and Hutton 1971),
therefore it is reasonable to assume brooming should reflect
social activity. 01ld rams are more soc‘ially active (Geist
1971), and therefore more frequently broomed.

However, these general patterns of age, horn brooming
and lumpy jaw infection were not observed in low density

areas. Here, voung rams were more frequently broomed and



infected, at rates similar to those of o0ld rams (see Table
2). It 1is possible that young rams in low density
populations are attaining dominance sooner than young rams
in higher density areas, as suggested by Geist (1971).
Geist noted patterns of greater horn growth and body size,
faster growth rates, lower life expectancies, and higher
fecundity from low density herds of bighorn and Stone (O.

dalli stonei) sheep, as compared to high density, stable

herds. He hypothesized that rams at low densities would
engage in courtship activities at vounger age and
consequently have a lower life-expectancy. This hypothesis
was corroborated by Shackleton (1973).

Consistent with Geist's (1971) hypothesis, lower
densities of sheep in the Yukon produced rams with greater
total horn length, and a tendency to have a greater second
vear horn segment than high density populations (see Table
3). Fewer competing, dominant, old rams, or vigorous horn
growth of young rams, may facilitate early social dominance
in 1low density areas. Early social dominance likely
predisposes young rams to brooming. In other words, voung
rams become "o0ld"™ rams sooner in low density areas.

This suggests that rams actively engaged in rut
activities are prone to lumpy Jjaw infection. The rut is an
extremely demanding activity (Geist 1971) likely influencing
body condition and subsequent survival. Rams engaged in the
rut reduce foraging bouts while expending more energy (Geist

1971). No doubt, there is a deterioration of body condition



as the rut proceeds. Full-curl, radio-collared Dall sheep
rams in the northern Yukon were more likely to die in the
period immediately following the rut than in any other
period of +the vear (Barichello et al. unpubl. rep.).
Full-curl rams also suffer higher rates of natural mortality
than rams with smaller horn-curls (Hoefs and Cowan 1979,
Simmons and Bayer 1984),. Poorer body condition implies
increased physiological stress possibly predisposing rams to
disease. Also, the skull battering associated with the rut
may result in physical injury to the tooth arcade as a
predisposing mechanism. Uhlenhaut and Stubbe (1980)

examined 180 Mouflon (0. ammon musimon) ram skulls and found

sites of damage in the form of horn, tooth and bone injury
in 75% of the skulls, which they related to injuries caused
by fighting. Further, they found the injury rate increased
when the rams attained sexual maturity. We surmise that
lumpy jaw infection in Dall sheep rams is facilitated by
physiological and physical stress amplified by social
activities, and therefore a condition most common in
dominant rams.
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Table 1: Age distribution of infected and non-infected jaws

from rams shot in the Yukon, 1980-85.

Age Number of jaws collected and percentage infected
Region Total
South North

N % N % N %
4 3 0 0 . 3 0
5 25 32.0 2 50.0 30 30.0
6 73 34.2 32 25.0 111 32.4
7 98 62.9 60 21.7 175 3.3
8 78 1.0 57 14.0 147 29.3
9 75 69.3 65 20.0 133 36.8
10 57 69.1 62 19.0 104 37.5
11 31 61.3 30 36.7 66 51.5
12 17 66.7 18 38.9 37 51.4
13 6 50.0 14 50.0 21 52.4
14 2 50.0 1 100.0 3 66.7
15 0 . 1 100.0 1 100.0
Young 277 38.6 151 19.9 G666 29.46

01d 188 52.7 151 29.1 365 39.2



Table 2: Percentage of jaws infected, mean number of
infections per jaw, and percentage of animals with
at least one horn broomed, by age class and sheep

density class.

%jJaws x/3Jaw

Young Low 949 50.0 5.2 33.3
Medium 119 36.1 3.8 18.5
High 62 27.4 2.5 17.7
All 275 38.6 6.0 26,1
0ld Low 59 9.2 6.3 37.3
Medium 85 57.7 6.9 61.2
High G4 47.7 6.8 38.6
Al1l 188 52.7 6.7 39.6
All Low 153 9.7 5.6 34.6
Medium 204 45.1 5.1 27.9

High 106 35.8 9.3 26.4



Table 3: Average horn measurements (mm), including base
circumference, horn length of unbroomed horns, and
the second vear's horn segment, by age class and

density class.

Age Density Base Length 2nd seg.
N Mean N Mean N Mean

Young Low 93 341.3 80 887.0 94 21.8
Medium 119 338.0 97 869.3 119 19.9

High 62 332.0 51 855.0 62 19.2

All 274 337.6 228 872.0 275 20.3

0ld Low 59 339.49 37 951.2 56 17.2
Medium 85 339.4 49 931.2 83 16 .5

High 63 338.8 27 908.6 42 15.4

All 187 339.3 113 932.4 181 16.5

All Low 152 340.6 117 907.3 150 20.1
Medium 2049 338.6 146 890.1 202 18.5

High 105 334.8 78 873.6 104 17 .7



Table 4: Number of sheep and average age of rams shot by

licenced hunters in the Yukon, by wvear, from 1980

to 1988.
Year Number killed Average age
1980 253 8.7
1981 252 8.8
1982 260 8.6
1983 219 8.5
1984 227 8.0
1985 262 8.3
1986 253 8.5
1987 286 8.7

1988 322 8.9



Fig.

1.

Game Management Zones in the Yukon (bounded), the
number of lower jaws and skulls submitted for
measurements (in parenthesis), and the percentage
of jaws infected with lumpy jaw. Stippled area
shows sheep distribution and hatched areas are

closed to hunting.






Fig. 2. Thinhorn sheep jaw showing location of tooth types
and the location of sites on the mandible assessed

for lumpy jaw (x).
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INSTRUCTIONS FOR THE ComPie 71oN oF "STALbrip* Fudh 7O PUUNFAT
SI265 OF MMPIBLES OF SHFEP AMD GUATS, JuuTH WEAR PATES AD PLESECK
AMD SEVERITY OF "pumpy JAW*

1) Definitions and terminology:

Sheep and goat teeth are classifisd as follows:
chisors: I-1, 1-2, 1-3
Canines: C-1
?remolars: P-2, P-3, P-4
Molars: M-1, M-2, M-3
Incisors and canine teeth are incisitorm, while prarolars

and molars are welariform; the third mwolar, -3, hLazving
three cusps in the irandible but only two cusps in the maxilla.

The tooth formula is as follows: 1-0/3, €-0/1 P-3/3 4-3/3

Daviation from the normal formula are referred to as "oldigcdonty",
if (naturally) the animal does not have a complete set, or as
"polydonty" 1if it has supernumerary teeth. Both these phenomena
have been observed in sheep. Often the first prewmolar, P-2, {is
missing, while a canine may be found in the maxilla.




b)

MR I L A R A R R B - C

y
BWera tho 1ins o aaa 1oic ' x, Ty Ty o to FEE ! v
sida.,
LY . f 2 . . . . -
Vesseyoo gty 0 1} W =nd tecioh:
=
A1l ozaurarments are dome in veisic, sm o this form oia oo,

(/) ret2l YTengih of Jow,

ihe s aadibhle is o soensuved wiah o oa g i.“)’j\i- frem its cosc
. - . 4 AL} - . N
nosterior extension ("X on dr:wfrz) to the base of the

first inecicor ("Y' on drawing).

(8) Tzngth of the molariform tooth rocw is waasured from the
nterior side of P-2, whera its “ase touahes the randible
("A" on drawing) to the postaerior side of M-3, where d1ts
tese protrudes frem the wmandidle ("B on drawingz).

Total length of teeth is deterwined either from Y-ray photo-
graphs or, in the case of I-1, by pulling the tooth out of

the mandible. Maximal lazngths are detercined freoem the longest
extent of the root to the highest porticn of the tooth pro-
truding out of the mandible.

»>
[}

/{{”N,/‘/C length above mandible

total length of tooth

Usually the posterior most cusp of molariform teeth is the
highest and should be measured. :

Of the incisiform teeth only I-1 will be measured, for the
others the following notations will be made:

P = present m = missing (naturally) b = broken
(oligodonty)

"m" or "b" will also be used for molariform teecth, if they
are not present.

All teeth are to be measured on the lingual side of jaw.

Width of 1-1 refers to width of crown.



Eoaes oot of cswtoat o] v rity o T oy

Aa attewpt haeg Lo ade to qunatify as far o5 peoc:ozibile
the Jdecumentation of the - untibulor dlcezse commanly yoferrad o
as "lueapy jaw", s0 that differeat peocple inspocting these jaws oo
up with similar assescments and that cowparisons are pessible with
other sheep populations affected by this discase., L L
.—’-71’."-’: NV 4

The mandible to Le in
17 scections to 2lleow Zatailed &
of disecse 2nd to corfrelate theuse w

d iz divided fnto
tion of initiation :nd = praad
h 2ge of zuiwal,

The 17 sections are distributed into three "vertical"
layers in a dorso-ventral plane, and into six sections in zan
anterior-pesterior direction.

The vertical layers are each about 1/3 the width of the
mandible X-Y-Z, except for the anterior most portion where only
two are found (Y & Z) because of the narrowing of the jaw between
wolariform and incisiform teeth; the six horizontal sections refer
to areas (1) "anterior" to premolars, (2) under premolars, (3) under
M-1, (4) under M-2, (5) under -3, and (6) posterior to the molari-
form tooth row.

The following drawing shows this division:

Bt



Yor Gl al : .
of tatectdon will Ye rated o010 7 ur -’.-'.)1 cs ool Lo Ly o I B

0 = not infected, Yoena Sstaral oad cowmpact

1 = slightly {ianfected, swelling of waindible in this roegivn L5
revealed by increase in width, some perforaticon of bto.a,
but teeth normal, no necrosis or osteolysis.

2 = infection of redfiun severity., Pronouaced cwelling of -xn-
dibular regicn, increased perforaticn of Hone, sore acrcrosis
(erosion of bone) at base of teeth, uneven woear of te-zith,
angle of teeth affacted,

3 = severe infection: severe necrosis znd osteolysis, teeth de-
formed, growing in displaced angles, broken or wmissing
entirely. Severe swelling of mzadible., Large holes in
mandible, "honey-combing” of jaw. Bcne at base of teeth
eroded away, resulting in zppearznce of greatly elongated
cheek teeth,

Photographs of various stages of infection will be iade
up for reference; and assessments of infected jaws shculd only be
carried out if a healthy jaw is at hand for comparisons.



HEEP AND GOAT,

n n
(b)
1. Bfologicsl subdbmission form #: [ i1
2., Sex of animal: D
3. Age of animel: .5

4., G.M.$.2., in which snimal was killed: | [’l-|J¢)
S. Outfitting sres in vhich animal was killed: ({3
RR

6. Year vhen animal was killed:

Right Mandible

7. Total length of jawvi REd

8. Length of molariform tooth row: nﬂ

9. Is mandible affected by “"lumpy jaw"?:

Presence of te v a reve ooth ngth
1-1 1-2  }-3 C-1 P-2 P-3 P-4 M-1 M-2 M-3
2/ : presence and
= - total nath

. it o " -1 28 B length above

{f o . b s : ! AARE mandible
k et width of
hd tooth

A sgment of en v of "lu w"

i Ang. | PM's ) M-l ; M-2 M=3 ; Pogt.

x

{
z

Left Mandidle
10.° Total length of jaw:

11." Length of molariform tooth row: q';';
to

12, 1ls nandible affected by "lumpy Jaw"?:

Presence of teeth and v ve length

1-1 ,1-2 ,1-3 . C-1 ,P=2 P-3  Ped, M-)]  M=-2 M-3
presence and

J gotal length
- < 11) ] ) B length of teeth
. e ‘L R RE sbove mandible

width
of tooth

Assessment of extent and severity of “lumpy jaw'

Ant, PM's M-l , M-2 . NM-3 Post.
x : o
7.7
Yy S\
z

Additional commenta (oligo - or polydonty, etc.):
(photograph tasken?)



