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ABSTRACT: We examined 56 anterior segments of mandibles from moose harvested from a declining 
population that was affected by tooth wear and breakage at higher rates than in moose elsewhere on 
the Seward Peninsula, Alaska. Incisor teeth were examined for extent of tooth wear and breakage, the 
degree and prevalence of surt~1ce enamel defects, and radiographic evidence of periodontitis. Body size 
(incisor arcade width of adult moose) and body condition index (timing of tooth eruption in yearlings) 
of the Seward Peninsula population were compared to other Alaskan moose populations. Mean (± 
SE) age of adult moose in the study was 4.6 ± 0.4 years. The age distribution of harvested moose was 
32% yearling, 61% young adult (2-6 years old), 4% prime adult (7-11 years old), and 4'Yo old moose 
(> II years old). Comparatively smaller body size in moose observed in this study probably reflects 
the absence of older animals in the 2002 harvest. Timing of tooth eruption in yearlings was within the 
range of other moose populations. Mean tooth wear and breakage score was 2.1 ± 0.2. Ninety-three 
percent ofthe teeth exhibited hypoplastic enamel defects (pits) and staining, while 59% exhibited vertical 
and horizontal fracture lines on both labial and lingual tooth surfaces. Fifty-three percent of examined 
teeth showed radiographic signs consistent with periodontitis. Evidence of osteoporosis was present 
in 74% of the examined jaws. We hypothesize that observed enamel defects exacerbate age-related 
tooth wear and breakage in this population thereby resulting in accelerated demise of older animals. 
The skewed age distribution, with very tew animals > 7 years supports this conclusion. The etiology 
of the observed enamel defects is unclear and requires further investigation. 
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Many rural residents in Alaska depend 
heavily on wild animals such as moose (A lees 
a lees) for their meat supply. In the late 1980s 
the Alaska Department ofFish & Game began 
collecting general harvest data on the moose 
population; hunters were required to report 
sex, age, and location of kills and submit the 
distal portion of jaws from harvested moose 
on the Seward Peninsula. Department biolo
gists found that the teeth were characterized 
by excessive breakage and wear (Smith 1992). 
The Seward Peninsula moose population has 

been declining precipitously for more than 
15 years, the causc(s) of which is unclear at 
this point. Digestive efficiency and animal 
productivity arc dependent on oral health and 
tooth integrity such that a decline in chewing 
efficiency and body condition arc associated 
with age-related tooth wear in ccrvids (Ran
gifer tarandus: Tyler 1986, Skogland 1988, 
Kojola ct al. 1998; Cervus Elaphus: Pcrcz
Barbcria and Gordon 1998). Certainly the 
productivity of an ungulate population may 
be negatively affected by excessive tooth wear 
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and breakage. We report the extent of incisor 
tooth wear and breakage, degree of surface 
enamel defects, and prevalence of periodontitis 
in 56 anterior segments of moose mandibles 
submitted by hunters on the Seward Peninsula 
in 2002. We also compare estimated body size 
of Seward moose to moose oflnterior Alaska 
using the distance between the buccal surfaces 
of canines (arcade width) in adult moose. In 
yearlings we used timing of tooth eruption as 
a proxy indicator of body condition. 

STUDY AREA 
The Seward Peninsula, Alaska, USA 

(Nome latitude 64° 25', longitude 165° 30'), 
is underlain by permafrost and is character
ized by uplands ofbroad rounded hills and flat 
lowlands (USDA Forest Service, http://www. 
fs.fed. us/colorimagemap/images/m 125 .html). 
Soils are poorly drained, and wetlands com
prise 53% of the area. There arc many inland 
and coastal lakes and ponds. Vegetation in
cludes moist-tundra, sedge-tussock meadows, 
sparse willows, birch, and isolated spruce
hardwood forests, particularly along rivers; 
while alpine-tundra heath-meadows and bar
rens dominate the high mountains. Climate is 
characterized by long, cold winters (average 
-24 to -l9°C), and short, cool summers ( + 1 to 
+6°C), with heavy annual snowfall (1,000 to 
2,000 mm) and rain (460 mm). Occurrence 
of wildfires is common, particularly from 
June through August. Human population is 
low and dispersed, with the largest settlement 
being Nome. Old and new mining enterprises 
exist throughout the region. 

METHODS 
Hunters submitted 56 anterior segments 

of moose mandibles (adults: 36 males, 2 fe
males; yearlings: 17 males, 1 female) during 
the 2002 hunting season (August-September). 
These specimens were frozen at -1 0°C within 
24 hours of collection and kept frozen for 
5 months before analysis. A lower incisor 
was extracted in adult animals (n = 38) for 
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determination of age (Wolfe 1969). Age was 
estimated from tooth root annuli by Matson's 
Laboratory (Matson's Laboratory, LCC 2001; 
P.O. Box 308, Milltown, MT 59851, USA). 

Body Size and Condition 
We used incisor arcade width (the distance 

between the buccal surfaces of the incisiform 
canines, I

4
) as a proxy of body size for adult 

moose. In moose, incisor arcade width is 
positively correlated to body mass (Spaeth et 
al. 2001 ). Arcade width was measured to the 
nearest 1 mm with a dial caliper (Spaeth et 
al. 200 1 ). Lower jaws of adult female moose 
(n = 2) and jaws of juveniles with missing ca
nines (n = 3) were not included in the analysis. 
Status of tooth eruption was determined in 
moose< 2 years. Timing of tooth eruption has 
been proposed to be linked to body condition 
in cervids ( Odocoileus hem ion us: Robinette 
ct al. 1957; Alces alces: Peterson ct al. 1983; 
Cervus elaphus: Loe et al. 2004 ). Individual 
teeth were described as missing, deciduous, 
erupting, or permanent. 

Tooth Wear and Breakage 
Individual mandibular incisors were 

examined under artificial light. Anterior seg
ments of adult moose mandibles were grouped 
according to tooth wear and breakage as de
scribed by Smith (1992). Briefly, individual 
incisor teeth were scored on a seale of 1-5 for 
wear and breakage (Class 1: < 15% of crown 
missing; Class 2: 15-25% of crown missing; 
Class 3: 25-35% crown missing; Class 4: 35-
50% crown missing; Class 5: >50% crown 
gone, root canal exposed). 

Macro-Enamel Defects 
Both enamel tooth surfaces, lingual, the 

surface facing the tongue, and labial, the 
surface facing the lip, were macroscopically 
examined for staining, fracture lines, and 
differences in enamel thickness (enamel hy
poplasia) such as pits, vertical and horizontal 
furrows, and plane defects (Goodman and 
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Rose 1990, 1991 ). Teeth were classified as 
normal, pitted, or sprinkled, and percentage 
of tooth area pitted and stained(< 10, 11-30, 
31-50, 51-75, 76-100%) was recorded. A 
normal tooth showed smooth, translucent, 
glossy white enamel; a pitted tooth had white 
surface enamel with multiple, randomly dis
tributed pits; a sprinkled tooth had a discrete 
and subtle appearance of uniformly scattered, 
brown-black staining and discrete pits; and 
Class 10-1 00% described the extent of discrete 
pitting and confluent staining in relation to 
total crown surface. 

Periodontitis 
Radiographs were taken of37 adult jaws 

(36 males; 1 female) (Transworld® 325 V) to 
determine prevalence of periodontitis (Huu
monen and Orstavik 2002). Mandibles were 
placed directly onto film cassettes (Kodak® 
Clinic Select x-ray film, regular speed green 
3 5 x 4 3 em) to maximize accuracy and sharp
ness ofx-rays. Right and oblique angle views 
were taken of each jaw (50 kVand 300 rnA). 
Changes of alveolar bone were recorded for 
each tooth. Width and height of radiolucent 
lesions (areas of bone loss as indicated by 
decreased radiodensity) were measured with a 
ruler to the nearest 1 mm and then categorized 
according to their specific location (i.e., root 
end opening, alongside the root). Occurrence 
of root caries was assessed and root length, dis
tance between cemento-enamel junction and 
roottip, wasmeasured(mm). Mandibular bone 
loss was assessed qualitatively by scoring gen
eral radiolucency (absent, mild, moderate, and 
severe). We initially measured pocket depth 
and recession using a standard dental probe on 
individual teeth to detect periodontitis. Not
withstanding, we eventually excluded these 
measurements from our analysis because the 
mandibles had gone through repeated freezing 
and thawing during the examination and this 
may have affected gum recession and pocket 
depth. We also did not assess tooth mobility 
(indicator of periodontal disease). Restricted 
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tooth movement in ruminants is normal due 
to the low alveolar crest height (Nickel et al. 
1973). Finally, we documented the presence 
and absence of impacted food. 

Statistical Analysis 
One-tailed t-tests were used to compare 

differences between means. We assumed in
dependence of contra-lateral teeth (Perzigian 
1977) and therefore did not apply a Bonferroni 
correction for comparison of contra-lateral in
cisiform measurements. Data were examined 
for unequal variance using F-test for unequal 
variances prior to conducting t-tests. Statistical 
software used was Analysis ToolPack (®Mi
crosoft Excel, Version 2000). Significance 
was assessed at the a = 0.05 level. Data are 
reported as means ± SE. 

RESULTS 
Mean (± SE) age of adult moose in the 

study was 4.6 ± 0.4 years. The age distribu
tion of harvested moose was 32% yearling 
(n = 18), 61% young adult (2-6 years old; 
n = 34), 4% prime adult (7-11 years old; 
n = 2), and 4% old moose (> II years old; 
n = 2). No food impaction was present in the 
examined jaws. 

Body Condition and Body Size 
Tooth emption pattern of yearlings is summa

rized in Table I. Left lncisor 2 wa<; fully empted in 
50% (n = 9) of the jaws examined, while the right 
incisor 2 was fully empted in only 39% (n = 7). 
Mean incisor arcade width for male adults (5.75 ± 

0.04 em) was greater than that for male yearlings 
(4.69± 0.06 em; t= 15.43; 49 df,P<O.OOOI). 

Table I. Eruption status of dentition (left; right) in 
yearling ( n = 18) moose oft he Seward Peninsula, 
Alaska, 2002. 

Dentition Incisor 1 Incisor 2 Incisor 3 Incisor 4 

Permanent 18;18 9;7 0 0 

Erupting 0 3;6 1;0 0 

Deciduous 0 6;5 17;18 18;15 

Missing 0 0 0 0;3 
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Table 2. Distribution oflabial and lingual surface 
fracture lines of incisors in moose ofthe Seward 
Peninsula, Alaska, 2002. 

Location Incisor 1 Incisor 2 Incisor 3 Incisor 4 

(L. R) (L, R) (L, R) (L, R) 

Labial & 41' 35 38,36 22,23 3,3 
Lingual 

Lingual I, 2 0,1 10.12 22,21 

Labial 3, 4 0,1 0,0 0,0 

None 8.11 5,6 4,3 12, 12 

Tooth Wear and Breakage 
Short, shovel-like crowns with distinct 

necks and thick roots characterized pennanent 
incisor teeth. Mean (± SE) tooth wear and 
breakage score was 2.1 ± 0.2. Classification 
of examined jaws by tooth wear and breakage 
was unbroken (18%; n = 7), Class 1 (18%; 
n = 7), Class 2 (21 %; n = 8), Class 3 (26%; 
n = I 0), Class 4 (8%; n = 3), and Class 5 (5%; 
n = 2). An example of irregular incisor tooth 
wear and breakage with multiple lingual and 
labial sudace fracture lines, footh staining, 
and partially missing crowns is depicted in 
Figure 1. 

Fracture Lines and Hypoplastic Enamel 
Defects 

Data on labial and lingual surface fracture 
lines are summarized in Table 2. Both labial 
and lingual fracture lines on the same tooth 
were present in 59% (n = 201) of examined 
teeth (n = 339), with 1

4 
having the least (Table 

2). Fracture lines were absent in 18% (n = 
61) of examined incisors. Yearlings were the 
dominant age group without fracture lines (Left 
(L) = 75%; n = 13; Right (R) = 91%; n = 16) 
forl

1
; (L=40%; n = 4; R = 91%; n = 6) for 12; 

the one yearling who had an 1
3 

contained no 
fractures in that tooth; no yearlings had an 1

4
, 

as their incisiform canines had not emerged. 
All teeth had varying degrees of staining and 
pitting (Table 3 ). Sixty percent of examined 
teeth had 2: 50% (n = 199) pitting and discol
oration of the total tooth surface enamel. No 
tooth discoloration and pitting was present in 
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4% (n = 15) of the teeth and 3% (n = 11) had 
pitting with no stains. 

Periodontitis 
Fifty-three percent of incisors (n = 140) 

had radiolucent lesions (Table 4; Fig.2), and 
84% (n = 117) of these were at the root end 
opening (Table 4). Mean(± SE) radiolucent 
area ranged between 13.3 ± 2.5 and 58± 21 
mm2 (Table 5). Total radiolucent area was not 
different between contralateral incisors (Table 
5) as were root length (Table 5). Root caries 
was present in 13% (n = 32) of examined 
incisors (Table 4). Seventy-four percent of 
examined jaws exhibited signs of osteopo
rosis. Distribution of osteoporosis scores 
of examined jawbones (n = 34) was: absent 
(n = 9), mild (n = 11), moderate (n = 10), and 
severe (n = 4). 

DISCUSSION 
Mean age of the 2002 harvested animals 

fell within the range of mean age of moose 
harvested on the Seward Peninsula in previous 
years (3.1 ± 0.3 to 5.1 ± 0.4; Stimmelmayr 
and Maier, unpublished data). The skewed 
age distribution ofharvested moose however, 

Table 3. Distribution of degree of staining and pit-
ting of incisiform teeth in moose on the Seward 
Peninsula, Alaska, 2002. 

Tooth Staining Incisor 1 Incisor 2 Incisor 3 Incisor 4 
&Pitting (L, R) (L, R) (L,R) (L,R) 

Normal 0,0 2,4 2,3 2,2 

Pitted' 0,0 2, I 2,2 2.2 

Sprinkled' 17,16 4, 7 3,4 3,4 

S10 4,5 1,0 1,1 2,2 

11-30 5,5 4,2 5,3 6,6 

31-50 22,21 11,14 10,6 14,9 

51-75 3,4 13,9 11,15 5.9 

76-100 1,0 5, 7 2,4 2,2 

1 A pitted tooth demonstrated white surface enamel 
with multiple, randomly distributed pits. 

2 A sprinkled tooth had a discrete and subtle ap-
pearance of uniformly scattered brown-black 
staining and discrete pits. 
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Fig. I. Incisor teeth (lingual view) with lingual-labial enamel fracture lines extending netlike over the 
entire crown surface and individual irregularly shaped teeth with sharp angles and contours in a 
young adult moose on the Seward Peninsula, Alaska, 2000. The mean tooth wear score(± SE) for 
this animal is 2.25 ± 0.73. 

indicates a young population with animals 
> 7 years old missing, suggesting decreased 
survivorship of older animals. Over the last 
10 years (1991-200 1 ), percentage ofharvested 
prime moose has decreased by about half while 
percentage of harvested young adult moose 
has increased (Maier, unpublished data), 
lending support to this hypothesis. Mean, 
incisor-arcade width for adult males was 5. 7 5 
± 0.04 em and fell within the lower range of 
reported values for Alaskan moose ( 5. 7 - 6.1 
em; Spaeth et al. 2001 ). Yearlings had signifi
cantly smaller incisor width than did adults. 
A similar finding was demonstrated by Spaeth 
et al. (2001) where the incisor-arcade width 
increases with age and finally stabilizes in both 
sexes of Alaskan moose at their ultimate size. 
Arcade width in moose is strongly correlated 
to body mass; we hypothesize that the small 
body size probably reflects the predominantly 
young age distribution in the 2002 harvest, 
although reduction in body size and low 
recruitment are well-known density-related 
trade-offs in moose populations (Ferguson et 
al. 2000). The small body size of moose in 
our study may be due to density dependence, 
although the moose population on the Seward 
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Peninsula is thought to be below the current 
carrying capacity of the habitat. Data regard
ing moose habitat on the Seward Peninsula is 
lacking. Timing of the eruption of Incisor 2 
was highly variable (50%) but comparable to 
other free-rangingAlaskan moose populations 
from the Kenai Peninsula and Nelchina Basin 
(Peterson et al. 1983). Hence, our data on 

Table 4. Frequency and specific location (root end 
opening and alongside the root) of radiolucent 
lesion and associated root caries in moose on 
the Seward Peninsula, Alaska, 2002. 

Variable Incisor 1 Incisor 2 Incisor 3 Incisor 4 
(L, R) (L, R) (L, R) (L,R) 

Radiolucent lesion 

Present 28,26 18,14 13,I9 11,11 

Absent 6,7 17.19 20,14 21,22 

Specific Location 

Root end opening 18,22 16,12 11,17 10,11 

Alongside the root 10,4 2,2 2,2 1,0 

Root caries' 

Absent 17,18 18,20 19,20 25,28 

Present 8,10 3,2 3,4 2,0 

Fuzzy 7,6 13,11 9,6 4,3 

1Five (L) and six (R) could not be evaluated for 
root caries. 
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Table. 5. Mean(± SE) radiolucent lesion area (mm2
)

1 and root length (mm) ofincisiform teeth catego
rized by side of mouth in moose on Seward Peninsula, Alaska, 2002. 

Teeth Left Right Statistics 

Incisor I 

Radiolucent lesion (mm' ) 34 ± 8 58± 21 1= -1.07.31 df,P = O.l5 

Root length (mm) 35.6 ± 0.7 35.9 ± 0.6 I = -0.2, 68 df, P = 0.39 

Incisor 2 

Radiolucent lesion (mm' ) 17.09 + 3.8 49.06 ± 30.07 1= -1.02, 8 df, P = 0.17 

Root length (mm) 35.2 + 0.6 35.3 ± 0.6 I = -0.16, 67 df, P = 0.44 

Incisor 3 

Radiolucent lesion (mm') 19.7±3.5 28.4 ± 13.2 I = -0.64. 17 df; P = 0.26 

Root length (mm) 33.3 ± 0.6 33.4 ± 0.7 1= -0. 14, 67dCP = 0.45 

Incisor 4 

Radiolucent lesion (mm' ) 13.3 ± 2.5 13.7 ± 5.5 1= -0. 07,9 df, P = 0.47 

Root length (mm) 32.1 ± 0.6 33.1 ± 0.6 I = -1.14, 66 df, P = 0.1 3 

1 Width and height of radiolucent lesions were measured with a ruler to the nearest I mm. 

tooth eruption do not support the notion of a 
decline in body condition in yearling moose 
on the Seward Peninsula. Nonetheless, the 
genetic influence on timing of tooth eruption 
is considerable and may limit interpretation 
when comparing among moose populations 
(Peterson eta!. 1983, Loc ct a!. 2004). 

Mean tooth wear and breakage score 2.1 
± 0.2 was lower than scores from previous 
years (2.6 ± 0.3 to 3.9 ± 0.4; Stimmclmayr 
and Maier, unpublished data). Fewer animals, 
however, had zero breakage with 18.4% in this 
study compared to 29% in 1999. Density de
pendence, mineral content of soil, and typical 
moose feeding behavior close to the ground are 
all factors that have been implicated as possible 
causes in age-related tooth wear for different 
moose populations (Smith 1992). Incisiform 
tooth wear and breakage in our population 
differs from the age-related tooth wear ob
served in other Alaskan moose populations 
(Stimmclmayr and Maier, unpublished data). 
Moose incisor tooth wear on the Seward Pen
insula is characterized by individual irregularly 
shaped teeth with sharp angles and contours 
(Fig.l ), with lingual-labial enamel fracture 
lines extending netlike over the entire crown 
surface. In contrast, incisors from Alaskan 
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moose from Kalgin Island are characterized 
by smooth labial and lingual surface enamel 
with even wear on all incisors (Fig. 3), while 
incisors from Tanana Flats are characterized 
by smooth labial and lingual surface enamel 
with marked interproximal U-shaped wear 
(Fig. 4.); lingual-labial surface fracture lines 
arc singular and vertically oriented. Tooth 
conditions similar to moose from the Tanana 

Fig.2. Radiographic example of several periodontal 
lesions (arrows L: Incisor 1, 2, and 3) in moose 
on the Seward Peninsula, Alaska, 2002. 
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Fig. 3. Incisor teeth (labial view) with smooth 
labial and lingual surface enamel and even 
wear on all incisors in moose on Kalgin Island, 
Alaska, 2002. 

Flats have been described in Canadian moose 
from Manitoba (Young and Marty 1986). 
We hypothesize that the degree and extent of 
enamel defects exacerbate age-related tooth 
wear and breakage in our population. Reduc
tion of hardness and elasticity of hypoplastic 
enamel in comparison to normal enamel has 
been observed in humans (Mahoney et al. 
2004). Development of enamel defects has 
been related to exposure to a variety of physi
ological stresses (i.e., disease, malnutrition) 
during the enamel formation period (Goodman 
and Rose, 1990, 1991). The underlying etiol
ogy of enamel defects observed in our study is 
unclear and requires further investigation. 

The majority of examined teeth had both 
lingual and labial surface fracture lines (59%), 
while only 18% of all teeth had neither. Lingual 
fractures probably precede labial ones based on 
the distribution pattern of fracture lines for all 
incisors (Table 3). The observed difference in 
enamel thickness on the lingual surface (thin
ner) in ruminants may be responsible for our 
observation (Miles and Grigson 1990). Brown 
tooth discoloration and pitting were prevalent 
with only 4% of teeth having no staining at all 
and 3% having no stains, but pitting (Table 3). 
l n contrast to domestic ruminants (Nickel et al. 
1973), tooth surface fracture lines and brown 
tooth staining are considered to be typical in 
adult moose incisors. The consumption of 
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tannin rich forage is most likely the cause of 
the brown-black discoloration suggested for 
humans and laboratory animals (Nordbo 1977, 
Nordbo et al. 1982). 

Periodontitis can play a key role in exac
erbating tooth wear and premature tooth loss, 
as well as compromise animal health due to 
systemic illness (Aitchison and Spence 1984, 
Debowes 1998, Gorrel 1998, Duncan et al. 
2003). Fifty-three percent ofteeth had lesions 
consistent with periodontitis. Periodontitis, 
affecting premolar and molar, is frequently 
reported in captive bovids and free-ranging 
moose (Peterson et al. 1982), and other ru
minants (Miles and Grigson 1990), and has 
been linked to food impaction and associated 
soft-tissue injury (Miles and Grigson 1990). 
No signs of food impaction were found in our 
study. Interestingly, root caries were present in 
only 13% of teeth, despite the high prevalence 
of periodontitis. 

Seventy-four percent of the examined 
jaws exhibited signs of osteoporosis of the 
mandibular bone. Osteoporotic circular skull
lesions and periodontal lesions associated 
with molars have been previously rep01ied in 
moose on Isle Royale (Hind clang and Peterson 
1993, 1996, 2000). Osteoporotic lesions were 
absent in Isle Royale moose younger than 7 
years, but increased with age. Males in that 
study had a higher prevalence of lesions than 

Fig.4. Incisor teeth (labial view) with smooth 
labial and lingual surface enamel and distinct 
interproximal U-shaped wear in moose from 
the Tanana Flats, Alaska, 2002. 
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did females. The prevalence rate of 32% in 
Isle Royale moose was considerably lower 
than we found (74%). Metabolic stressors 
(e.g., antler growth, gestation, and lactation) 
have been implicated as potential causative 
factors for osteoporosis in Isle Royale moose 
(Hindelang and Peterson 1993, 1996, 2000), 
while environmental exposure to heavy metals 
(lead) is thought to play a role in the increased 
incidence of osteoporosis in moose inN orway 
(Bjora ct al. 2001 ). Alternative explanations 
for the increased rate of bone loss include 
inbreeding and a founder effect (Recker and 
Dcng 2002, Seeman 2003). 

In conclusion, our findings indicate that 
tooth wear and breakage, periodontitis, hypo
plastic enamel defects, and mandibular bone 
loss arc common in moose of the Seward 
Peninsula. Percentage of moose jaws affected 
by osteoporosis exceeds what is reported for 
moose on Isle Royale, Michigan. It is unclear 
at this point whether periodontitis, mandibular 
bone loss, and tooth wear and breakage are 
related, but it is highly likely. Independent 
of underlying etiological mechanisms (i.e., 
nutrition, health, genetics, trace metal defi
ciency, heavy metals) of the complex dental 
pathology in moose on the Seward Peninsula, 
we hypothesize that the degree and extent of 
enamel defects exacerbate their age-related 
tooth wear and breakage, thereby resulting 
in accelerated mortality in older animals 
> 7 years. The skewed age distribution in our 
harvest lends support to this hypothesis. 
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