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Tough Times at La Brea: Tooth Breakage in 
Large Carnivores of the Late Pleistocene 

Blaire Van Valkenburgh* and Fritz Hertel 

One million to two million years ago, most of today's large, predatory mammals coexisted 
with larger extinct species, such as saber-toothed cats and giant running bears. Com
parisons of tooth fracture frequencies from modern and Pleistocene carnivores imply that 
predator-prey dynamics and interspecific interactions must have been substantially dif
ferent 36,000 to 10,000 years ago. Tooth fracture frequencies of four Rancho La Brea 
species—dire wolf, coyote, saber-toothed cat, and American lion—were about three 
times that of extant carnivores. Consequently, these findings suggest that these species 
utilized carcasses more fully and likely competed more intensely for food than present-
day large carnivores. 

D uring the late Pleistocene in North 
America, the species richness of large 
carnivores and their presumed prey was 
much greater than at present- There were 
56 herbivore species larger than 30 kg and, 
of those species, 29 (52%) exceeded 300 
kg, the size of a moose (Alces dices) or 
larger. At least seven species, such as the 
mastodon and mammoth, were larger than 
any extant New World herbivore (1). By 
contrast, 11 herbivores larger than 30 kg 
(3 of them >300 kg) exist in North 
America today; even in Africa only 13% 
of the herbivore species exceed 300 kg (!)• 
If Pleistocene herbivores existed at popu
lation densities comparable to extant spe
cies of similar body size and formed sizable 
herds as do living zebras (Equus spp.) and 
bison (Bison bison), then levels of prey 
availability would have been comparable 
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to or greater than those of East Africa 
today- The rich array of large Ranchola-
brean carnivores is consistent with this 
hypothesis; for example, 15 species coy
ote-sized or larger existed in North Amer
ica during the Pleistocene, whereas today 
there are 7 (!)• Because the majority of 
extant large carnivore species originated 
more than 500,000 years ago, most of their 
history has been spent under Pleistocene 
rather than present-day conditions of preda
tor-prey diversity. Evidence concerning lev
els of food availability and interspecific com
petition in the Pleistocene might provide 
some understanding of the behavior and 
morphology of living carnivores-

When food is limited, carnivores are 
likely to feed more rapidly, guard their 
kills more aggressively, and more com
pletely consume their prey, often ingesting 
bone in the process (2, 3). All these 
activities involve the risk of tooth break
age, an event carnivores are expected to 
avoid given the importance of teeth for 



feeding and defense. However, a study of mandibles of over 700 adult, wild-caught 
individuals of nine species (Table 1) (4). 
We also studied 82 extant coyotes for com- 
parison with the coyote's Pleistocene repre- 
sentatives (6). For each individual, the 
number and position of broken teeth and a 
qualitative estimate of wear stage were re- 
corded. A tooth was counted as broken 
only if it showed subsequent wear in life, 
that is, the presence of distinct wear facets 
that were a result of tooth-tooth or tooth- 
food contact. Wear stage was assumed to 
reflect age, with heavier wear characterizing 
older individuals (2, 7). Because the prob- 
ability of having a broken tooth increases 
with age (4), species differences in fracture 
frequency can result from disparities among 
samples in age distributions. 

The proportion of all teeth broken in life 
ranged from 5 to 11% in four of the Ran- 
cholabrean species: dire wolf, coyote, 
American lion, and saber-toothed cat (Ta- 
ble I ) .  When we excluded incisors from our 
calculations, the values ranged from 5.5 to 
17%. In sharp contrast, the proportions of 

broken teeth exhibited by 10 extant preda- 
tors were much smaller, ranging from 0.5 to 
2.7% when we included incisors in the 
calculations and 1 to 3% when incisors 
were not included (Table 1). Although 
their samole sizes were small, the Pleis- 

nine extant species of large carnivores 
revealed that an average of one out of four 
adults had broken at least one tooth in life 
(4). The spotted hyena (Crocuta crocuta), 
a habitual bone-cracker. had the hiehest u 

fracture frequency (approaching 40% of all 
individuals) as would be ex~ected  in a 

tocene bobcat and puma tooth samples 
exhibited no fractures. For their fracture 
frequency to be comparable to that of the 
other Pleistocene species (9%), four or five 
teeth should have been broken rather than 

carnivore that fully consumes its kills. 
Because of its relation to carcass utiliza- 
tion behavior, tooth breakage may provide 
evidence of past predator-prey dynamics. 
We therefore studied tooth fracture fre- 
quencies in late Pleistocene [36,000 to 
10,000 years before present (B.P.)] carni- 
vores preserved in the Rancho La Brea tar 
pits in Los Angeles, California (5). The tar 
pits are an exceptional fossil deposit, having 
preserved over 3400 individuals of large 
mammals, including six predator species 
(Table 1) whose numbers are sufficient to 
compare their patterns of dental wear and 
fracture with those of living large carnivores. 

Our analvsis of extant carnivores is 

the zero observed. The striking difference in 
breakage frequencies between the four ex- 
tinct species and all others is not due to a 
preponderance of old individuals in the four 
Pleistocene species (4, 8). As in the Ho- 
locene samples of carnivores, slightly and 
moderately worn teeth predominated over 
heavily worn teeth for those extinct species 
14. 8). Older individuals of Smilodon and > ., , 

Panthera atrox are underrepresented at the 
pits relative to the sample of extant lion 
(8). Among the canids, no significant dif- 
ferences in wear stage distribution are ap- 
parent between fossil and recent samples 
(8). Thus, the higher fracture frequencies 
exhibited bv these soecies are not a result of 

based on an earlier study of the skulls and 

a bias toward the'entombment of older 
individuals. 

Table 1. Observed number of teeth (broken and total) for the 10 extant and 6 Rancholabrean 
species and the per tooth fracture frequenc~es calculated with and without incisors (17). Fracture 
frequency is equal to the weighted average (18) of tooth breakage frequencies for each tooth 
position. A weighted average is used because the relative representation of different tooth types, 
such as incisors or canines, differs between fossil and recent species. For example, incisors make 
up 46% (12 out of 26) of a complete tooth row in Smilodon but are only 31 % (544 out of 1773) of its 
preserved tooth sample. Fracture frequency IS the sum across tooth types of the product of the 
observed fracture frequency per tooth type (Table 2) and the proportion of the tooth row 
represented by that tooth type in a complete dentit~on. For example, in Sm~lodon the fraction of 
incisors that were broken (52 out of 544) was multiplied by 0.46 (the proportion of a complete tooth 
row represented by incisors), and this product was added to comparable figures for the other tooth 
types to estimate the per tooth fracture frequency for the species. Shown in parentheses are 95% 
confidence intervals multiplied by 0.001 (19). 

Total Broken Fracture frequency 

teeth teeth 
(no.) (no.) 

With Without 
incisors incisors 

Species Incisors Canines Premolars Carnassials Molars 

Extant 
Lion, Panthera leo 
Jaguar, P. onca 
Leopard, P. pardus 
Cheetah, Acinonyx jubatus 
Puma, Puma concolor 
Spotted hyena, Crocuta crocuta 
Striped hyena, Hyaena hyaena 
Gray wolf, Canis lupus 
Coyote, Canis latrans 
Wild dog, Lycaon pictus 

0.01 1 (9) 
0.022 i l l )  

01 
Y 

nc'sors Can'nes Premolars Carnass'als 
Rancho La Brea 

Coyote, Canis latrans 
American lion, Panthera atrox 
Saber-toothed cat, Smilodon fatalis 
Bobcat, Lynx rufus 
Puma, Puma concolor 
Dire wolf, Canis dirus 

Fig. 1. The ratio of the observed over the 
expected number of broken teeth for each type 
of tooth within each species. Top: Canis dirus 
(a), Pleistocene C. latrans (RLB) (m) ,  extant C. 
latrans (O), C. lupus (0). Bottom: Panthera leo 
(a), Panthera atrox (A), Smilodon fatalis (m) 
For each species, the expected values were 
calculated as the product of the overall fracture 
frequency (Table 1) and the number of teeth 
represented in the sample for each position 
(Table 2). A value of 1 indicates the observed 
rate was equal to the expected rate. Tooth 
types as described in Table 2. 

San Josecito, Mexico 
Dire wolf. Canis dirus 

Talara, Peru 
Dire wolf, Canis dirus 
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The higher fracture frequencies exhib- 
ited by the four Rancholabrean species are 
not a result of particular teeth (for exam- 
ple, upper canines) being broken more 
often. Instead, almost all teeth in each 
species exhibited higher fracture frequen- 
cies than were found in their modern 
counterparts, and in all but one case the 
differences were significant (Table 2).  The 
sole exception was the slightly lower frac- 
ture frequency of premolars in the Pleis- 
tocene coyote relative to the present-day 
coyote. 

We analyzed the pattern of breakage 
across the tooth row within each species 
by comparing the relative frequencies of 
breakage of incisors, canines, and cheek 
teeth with frequencies expected if break- 
age was distributed evenly among all tooth 
positions. In extant species, over half of 
all broken teeth were canines, yet canines 
compose less than a quarter of the teeth 
examined (4). The higher than expected 
frequencies of canine breakage in living 
large carnivores are most likely the result 
of injury during the act of killing prey 
because (i) large, unpredictable loads oc- 
cur as canines are driven into mobile prey 
and (ii) the elongate shape of canines 

makes them susceptible to larger bending 
moments than other teeth. Presumably, 
canine teeth are broken when thev con- 

prey in the same manner as living big cats 
do. The forelimbs of Smilodon were more 
massive than those of extant big cats, 
implying that it was critical to hold prey 
still while the killing bites were applied. 
In this wav. Smilodon mieht have reduced 

tact the bones of the prey. 
In the dire wolf, fossil coyote, and 

American lion the pattern of increased 
canine breakage is again apparent (Fig. 1). 
Among the canids, the frequency of ca- 

, , " 
the risk of canine tooth-bone contact (1 0, 
11). Nevertheless, the proportion of ca- 
nine teeth broken was greater than that 
observed for living cats (10 versus 5% in 
the lion); thus, the canines of Smilodon 
were often subjected to injurious loads. 
Given their knife-like shape, the upper 
canines of Smilodon were more vulnerable 
than the rounded canines of livine cats to 

nine breakage is lowest in the modern 
coyote, an omnivorous species that rarely 
takes prey larger than itself (9). The high- 
er canine fracture freauencv in the Pleis- 
tocene coyote is cloie td that of the 
predaceous gray wolf, suggesting that in 
the past the coyote might have fed on 
large prey more often. Although breakage 
patterns in the dire wolf and gray wolf are 
comparable, dire wolves broke their inci- 
sors more than expected and gray wolves 
showed the converse. The difference be- 
tween these two species is similar to that 
observed between the extant spotted hye- 
na and gray wolf (#), suggesting that C. 
dirus utilized its incisors regularly to feed 

- 
fracture across their narrow axis (12). 
Several studies have suggested that saber- 
toothed cats avoided bone when feeding, 
presumably to protect their exposed, yet 
crucial, sabers from fracture (1 0, 12, 13). 

Why did some carnivores from La Brea 
break their teeth so frequently? Four expla- 
nations are apparent: (i) demographic bias, 
(ii) preservational bias, (iii) local bias, and 
(iv) behavioral differences between past close to the bone. 

Smilodon did not break its dagger-like 
canines at a significantly higher frequency 
than other teeth (Fig. I ) ,  suggesting that 
the saber-toothed cat was not killing its 

and present large carnivores. The possibil- 
ity that demographic or preservational bias- 
es created the pattern of high fracture fre- 
auencies seems imorobable. The fossil sam- 
ples were not biased toward a greater repre- 
sentation of older individuals, nor were the 
fractures the result of abrasion within the Table 2. Frequency of broken teeth (number of broken teethltotal number of teeth) among tooth 

positions in four extant species and four Rancholabrean species. I ,  incisors; C ,  canines, P, 
premolars except upper P4; P4-MI, upper P4 and lower M I  (carnassials); M ,  postcarnasslal 
molars. The cats do not have postcarnassial molars or these teeth are vestigial and were not 
considered. 

pits. This latter conclusion is supported by 
the absence of breakage in the fossil bobcat 
and puma. 

The higher frequencies of tooth break- 
age at the tar pits might reflect a local bias 
of the Los Angeles region during the late 
Pleistocene. However, fracture frequen- 
cies in two other. smaller accumulations of 

Frequency of broken teeth 
Species 

I C P P4-MI M 

Pleistocene dire wolves in Mexico and 
Peru are nearly the same as those from La 
Brea, indicating that tooth breakage fre- 
quencies of dire wolves at Rancho La Brea 
are not unusually high for the late Pleis- 
tocene (Table 2) (1 4). On  the basis of the 
well-sampled tooth types (all but incisors), 
the three dire wolf samples show similar 
frequencies of dental fracture (P > 0.08, 
X 2  tests) that exceed those observed in 
modern wolves (Tables 1 and 2). 

On  the basis of their dental morvholo- 

Extant 
Canis lupus 

Canis latrans 

Panthera leo 

Rancho La Brea 
Canis latrans 

Panthera atrox 

Smilodon fatalis 

Canis dirus 
gy, all four fossil species were moderately 
to highly carnivorous (1 5) ; thus, tooth- 
bone contact is the probable cause of 
breakaee. Considering the association be- 

San Josecito, Mexico 
Canis dirus 

- - 
tween higher breakage frequencies and 
bone eating in modern carnivores, the 
elevated frequencies of tooth fracture in 
the dire wolf, coyote, American lion, and 
saber-toothed cat imolv that contact be- 

Talara, Peru 
Canis dirus 

A ,  

tween teeth and bones occurred more 
frequently in these species than in the 
smaller sympatric puma and bobcat or in 
their extant counterparts. Prey capture 
techniques differed among the four fossil 

*Signifcantly different (P < 0 05) from the comparable value for recent Canis latrans X 2  values C, 5.739, P4-MI, 
9.407; M, 11.793. ts~gnificantly different (P < 0.05) from the comparable value for Panthera Ieo. The x2 values 
for Smilodon comparisons are I, 121 12; C, 6 252, and P, 30.725 The x2 values for Panthera atroxcomparsons 
are 1 ,  22.433; C, 21.078; P, 36.707; and P4-M1, 21.01 7. SSgnificantly different (P< 0 01) from the comparable 
value for Canis lupus The x2 values are 1 ,  207.67, C 23.978; P4-MI, 9 009, and M, 7.298. 
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species, which suggests that increased car- 
cass utilization is the most likely explana- 
tion for the higher fracture frequencies. 
The explanation that teeth were broken 
more often as a result of larger prey size is 
unsatisfactory given that the fossil carni- 
vores were also larger than their living 
counterparts. 

Our hypothesis of increased carcass uti- 
lization among late Pleistocene large car- 
nivores compared with extant species has 
several implications. It suggests that times 
were tough for these Pleistocene species; 
prey must have been difficult to acquire or 
retain. Prey availability could have been 
low, at least seasonally, forcing predators 
to fully consume their prey. Alternatively, 
predator densities might have been rela- 
tively high, resulting in intense competi- 
tion over kills. Higher probabilities of 
carcass theft would favor their rapid and 
complete consumption. The relatively 
rare puma and bobcat at La Brea probably 
existed on the fringes of that community 
and had few interactions with larger car- 
nivores. We have little data on carnivore 
or herbivore abundance in the Pleis- 
tocene; population densities are difficult to 
infer from collections because of preserva- 
tional biases (1 6). Despite the more diverse 
array of prey species for the La Brea cami- 
vores, it would seem that food was limited, 
at least seasonallv. The Pleistocene fracture 
frequencies might even reflect tough times 
for the big carnivores as their presumed prey 
approached extinction 8,000 to 10,000 years 
ago. Of the four Pleistocene predators exam- 
ined, only the omnivorous coyote survived. 

Finally, our results question the wisdom 
of interpreting present-day behaviors and 
morphological features without consider- 
ation of the past. If high tooth breakage 
rates are typical of past conditions and 
reflect increased competition for food, 
then most, if not all, extant and recently 
extinct large carnivores evolved under 
conditions of coexistence more interactive 
than at present. Selective forces that 
molded their behavioral and morphologi- 
cal evolution probably differed in magni- 
tude, if not in kind, from those observed 
today. A conclusion that the skulls and 
teeth of extant carnivores are too strong 
(that is, have large safety factors) for the 
typical loads they bear might overlook 
adaptations for past feeding behaviors. 
Given the recency of New World Pleis- 
tocene extinctions, we should expect in- 
congruencies between behavior and mor- 
phology that are inexplicable when con- 
sidering present conditions alone. 
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