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not analyzed in detail, the majority of those examined have absent sternal ends, another pattern 

which is typical of wolf feeding (Haynes 1982).  

 

Figure 50. Examples of predator-modified sternebrae (A & B) and costal cartilage (C) from the Bat Cave 

peccary sample. Scale bar = 1cm. 

 

Vertebae―135 of 334 (40.42%) catalogued pre-sacral vertebrae bear one or more of the 

following signs of predator modification; visible puncture marks or tooth depressions, a sheared 

centrum, damage to one or both articular surfaces, broken neural spines, complete removal of the 

neural arch, and complete removal of the centrum (Figure 51, 52). In general, the cervical, 

thoracic, and lumbar vertebrae are comparable in terms of the overall frequency of particular 

damage patterns although the lumbar vertebrae appear to be the least frequently modified, 

possibly due to their larger size (Figure 53). Across all the pre-sacral vertebrae, damage to the 

neural spine is the most frequent damage observed followed closely by the occurrence of 

bitemarks in the form of pushed-in cortical bone. The peccary sacrums show particularly 

abundant signs of canid utilization, perhaps due to their articulation with the pelvis. 
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Figure 51. Column chart depicting the frequency at which specific damage patterns occur among 

predator-modified vertebral elements from the Bat Cave peccary sample. 

 

 

Figure 52. Examples of predator-modified vertebrae. The left element is a white-tailed deer vertebra from 

the Bays Mountain Park (ETVP 489) comparative sample and the remaining two element are peccary 

vertebrae from the Bat Cave sample. Scale bar = 1cm. 
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Figure 53. Column chart depicting the frequency of predator-modified vertebral elements from the Bat 

Cave peccary sample. 

 

Other Predators―Although dire wolf predation appears to be the primary agent for the 

damage inflicted on the BC peccary bones, closer examination of several of the catalogued 

specimens reveals shallower tooth impressions which are similar to those left by the wolves. 

These additional marks are, however, much smaller and fail to inflict any more severe damage to 

the bone. This implies that a smaller predator was present and was actively exploiting the 

peccary carcasses, perhaps after the wolves finished feeding. Based on the size of the bite 

impressions and the BC faunal assessment reported by Hawksley et al. (1973). 

Other Biotic Taphanomic Factors 

Rodent Modification―Rodent modification is frequently observed throughout the BC 

sample, varying from relatively minor and unnoticeable to extensive to the point at which the 

element has become highly deformed (Figure 54). On the limb bones, rodent gnawing is most 

frequently found in association with predator damage. Gnaw marks are concentrated around the 

edges of bone breakages. Sometimes the internal trabecular portion of a disembodied epiphysis 
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may be scooped out. Damage to skull and mandibular fragments is frequent, and is generally 

concentrated along the toothrows. Often, this is so extensive that the underlying dental roots are 

left exposed and partially removed. Among isolated teeth, rodent modification is frequently 

evident on the dentine, whereas the harder enamel is left undamaged. In several instances, most 

of the dentine portion of the tooth was removed, leaving behind only the tooth crown. Overall, 

rodent modification appears to be most frequently encountered among bones which bear 

thickened cortical tissue. 

 

Figure 54. Examples of peccary humeri from Bat Cave (ISM 499116.10, ISM 499117.8, and ISM 

499117.10) which bare varying degrees of rodent modification. Scale bar = 1cm. 



93 
 

Invertebrate Modification―A few remains from the BC peccary sample exhibit evidence 

of invertebrate utilization. These traces consist of shallow, circular pits and removal of the bone 

surface (Figure 55). Potential examples of invertebrate modification occur on mandibular 

elements ISM 499097.1 and ISM 499097.7, tibia ISM 499146.7, and radius/ulna ISM 499119.4, 

the latter two also appearing to be in a slightly more advanced state of weathering compared to 

the other tibiae, perhaps indicating that these spent more time at the surface and/or near the cave 

entrance where weathering processes are more extreme.  

 

Figure 55. Examples of extant white-tailed deer (left; ETVP ##) and Bat Cave peccary (right; ISM 

499119.4) limb elements which bare traces of invertebrate modification best attributable to dermestid 

beetles. 

 

Trampling―The highly fragmented nature of many elements from the BC sample, many 

of which lack any discernable predator modification, may indicate that these bones tread upon, as 

could be expected if the native peccaries were utilizing the site regularly. Furthermore, Hawksley 

et al. (1973) noted that most of the larger elements were collected from the edges of the cave 

passage and smaller, more fragmentary remaining and isolated teeth were collected from the 

center. In a den or other such confined setting, it may be expected for debris to be actively or 

passively pushed out of the more heavily trafficked areas and toward the relatively less utilized 
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periphery (Haynes 1983). Smaller debris, particularly thin-walled skeletal elements, are more 

likely to be broken up or pushed into by repeated trampling over a period of time with others 

simply being pushed into the substrate (Haynes 1983).  
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CHAPTER 6 

DISCUSSION 

Behavioral Interpretations of the Bat Cave Platygonus compressus 

Seasonal Behaviors―Previous authors have presented evidence of seasonal behavioral 

patterns in extinct mammal populations based on tooth eruption and wear patterns (e.g. Jefferson 

and Goldin 1989). However, the present study marks the first time this principle was applied to a 

fossil peccary population. Extant peccaries occur in close-knit herds which adhere to a set home 

range and territory over the course of many generations (Taber et al. 1993). Within this area, 

they will habitually travel to and utilize different locations at regular intervals and at particular 

times of the year to correspond with the availability of resources (Bigler 1974). Furthermore, the 

communal utilization of caves as a means of withstanding temperature extremes is well 

documented among extant taxa (Bissonette 1978; Schubert and Mead 2012). Phylogenetic 

bracketing (Witmer 1995) and mass accumulations of P. compressus at numerous fossil localities 

throughout North America (Hoare et al. 1964; Slaughter 1966; Davis 1969; Guilday et al. 1971; 

Hawksley et al. 1973; Wilson et al. 1975; Schubert and Mead 2012) suggests that these 

behaviors were true of this taxon as well.  

The distinct age groupings reported from the BC peccary population, each spaced 

temporally by about 9 to 12 months, strongly suggests that 1) the cave site was utilized annually 

and on a seasonal basis, most likely during the winter months when such behavior would be most 

advantageous and 2) that reproduction for this taxon, at least within the BC locality, was a 

seasonal occurrence. Aseasonal reproduction is typical among ungulate populations occurring in 

the tropics and subtropics, which live under constant to near-constant warm temperatures, 
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precipitation, and food availability (Rutberg 1987; Gottdenker and Bodmer 1998). Under these 

conditions, breeding and birthing is often a year round occurrence with peaks at certain months 

(Rutberg 1987; Ramos et al. 2014). If such a reproductive strategy was utilized among the BC 

peccary population, we would expect intermediate growth stages between the age groupings 

identified in the present study.  

Seasonal reproduction is a more practical strategy among ungulates occurring in areas of 

high seasonality, which are subjected to annual fluctuations in temperature, precipitation, and 

food availability. Cold, wet, and windy weather, combined with food scarcity and the reduced 

ability of lactating females to produce milk, have been shown to reduce the probability of 

survival for the newborns of many temperate and subarctic species (Slee 1971; Nowosad 1975; 

Dunbar 1980; Rutberg 1987; Cornell et al. 1998). Conception and birthing must therefore be 

synchronized so that offspring are born during periods where resources are more readily 

available and conditions are more favorable; thus ensuring that the young-of-the-year are able to 

gain large body size by autumn to increase the likelihood of winter survivorship (Dauphine and 

McClure 1974; Bunnell 1980; Clutton-Brock et al. 1982; Rutberg 1987; Cornell et al. 1998). 

This is demonstrated among the BC peccary population, for which the number of fetal and 

neonate individuals are extremely rare; whereas the number of yearling specimens being 

considerably more abundant.  

The relative lack of very young juveniles under the age of nine months in the BC peccary 

population may suggest that these animals were not giving birth at the site under normal 

circumstances. Following the hypothesis that the local peccaries used the BC site as a winter 

shelter, it can be inferred that these animals would give birth in early to mid-spring when 

temperatures were more favorable and vegetation was in abundance. Extant herbivores which 
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live in highly seasonal environments follow the same general reproductive pattern; breeding 

taking place during early- to mid-fall, gestation throughout the winter, and birthing taking place 

from mid- to late-spring (Slee 1971; Dauphine and McClure 1974; Bunnell 1980; Dunbar 1980; 

Rutberg 1987; Owen-Smith 1990; Cornell et al. 1998). The few late-term fetuses and infants 

identified from the BC peccary sample may then represent early births, or perhaps indicate 

occasional fluctuations in the annual climate which caused the animals to remain at the site 

longer than usual. 

Age Structure & Longevity―The age demographic obtained from the examination of the 

BC peccary population shows that the composition of animals from one to four years of age was 

relatively stable, with the number of individuals age five to nine years old gradually declining. 

This trend matches demographic studies of extant peccaries (Ramos et al. 2014). As one may 

expect, relatively young and healthy animals form the bulk of the population with older 

individuals steadily dying off due to predation or complications associated with advanced age. In 

mammals, dental wear is a major factor limiting longevity, with death occurring from the 

inability to feed effectively and procure adequate nutrients (Skogland 1988; Kaiser et al 2009; 

Ozaki 2009). Along with other ailments associated with old age such as arthritis, progressive 

tooth wear makes older animals more likely to suffer during periods of food shortage as they are 

less able to compete with their younger counterparts (Skogland 1988). For the BC peccary 

population, this helps explain the downward trend of older adults beyond the age of four. The 

maximum life expectancy for extant peccaries in the wild is about ten years with most animals 

dying prior to this due to predation or other natural causes (Grzimek 1990; Owen-Smith 1990; 

Cornell et al. 1998). 
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Predation & Other Biotic Taphonomic Forces 

Causes of Bone Accumulation―Despite the high frequency of predator modification 

attributed to Canis dirus, the fact that P. compressus is the only ungulate to be recovered from 

the BC site (Hawksley et al. 1973) suggests that the site does not represent a wolf den, but rather 

a site in which peccaries would gather periodically and occasionally died. In a typical predator 

den or cache site, the disarticulated remains of multiple prey species are represented, often 

alongside the remains of multiple articulated remains of the predators which accumulated them 

over a period of time (Maguire et al. 1980; Hill 1989; Cruz-Uribe 1991; Mondini 2002; 

Pickering et al. 2004). The vast abundance of P. compressus remains, some of which have 

remained partially articulated, together with the scant remains of six dire wolves, two coyotes, 

and one red fox (Hawksley et al. 1973). It is therefore more likely that the local dire wolves were 

opportunistically entering the cave to either hunt live peccaries or to scavenge the carcasses of 

animals which died of natural causes. A similar bone accumulation of mountain goats 

(Oreamnos americanus) is reported by Jim Mead (personal communication) from a recent cave 

site in which grey wolves either killed or scavenged these animals inside the cave. Hunting of the 

BC peccaries by wolves is most likely to have taken place during late winter when they are likely 

to have been most vulnerable to predation. Smaller predators appear to have utilized the cave 

periodically and scavenged from any carcasses left behind. It is worth noting here that many of 

the smaller vertebrates represented at the site, such as American beaver and hellbender 

salamander (Hawksley et al. 1973), could have been transported there by smaller carnivores who 

would have utilized the cave when the peccaries were absent. 

Feeding behavior of Canis dirus―Based on the taphonomic and faunal analysis of the 

remains it is hypothesized that the dire wolf was primarily responsible for carcass modification 
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on the peccaries at Bat Cave. From this, the feeding behavior of the dire wolf at Bat Cave is 

strikingly similar to the modifications inflicted on deer carcasses by gray wolves at Bays 

Mountain Park. As observed within the comparative sample, the proximal limb segments of the 

Bat Cave peccary bones appear to have been the most frequently utilized portions of the 

carcasses due to the larger muscle masses concentrated in these areas. The hindquarters in 

particular are the most heavily damaged elements among the BC sample. The relatively large 

size, laterally compressed nature, and close proximity to the upper limb segments make the 

calcaneus the most susceptible to predator modification among the carpals and tarsals. This may 

be due to the relatively large size of these bones compared to the other, smaller bones which 

comprise the wrists and ankles. Despite articulating directly to the tibia and being comparable to 

the calcanei in abundance and size, the astragali appear to be much more resistant to predator 

modification, most likely due to the compact and rounded shape of this element. The remaining 

bones which comprise the manus and pes are the least susceptible to predator modification 

because muscle attachment in this area is minimal, and could therefore be considered to be less 

palatable to feeding predators. Indeed, extant predators frequently ignore this part of the carcass 

completely often leaving the fully articulated limb extremity complete with skin (Haynes 1982).  

It has been noted by Haynes (1982) that scavenged carcasses are utilized less fully and 

are abandoned more intact, whereas prey that is procured by the wolves themselves are 

consumed much more completely. The extreme damage and disarticulation noted in most of the 

BC peccary material seems to indicate that the dire wolves were actively hunting these animals 

more often than they took advantage of found carcasses. One possible exception in which wolves 

may fully utilize a scavenged carcass is during a period of relative food scarcity and when a 

particularly large number of wolves are involved during the feeding process. Social predators 
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generally consume the entire kill onsite when the carcass is relatively small or when a 

particularly large number of predators are involved. When a carcass is relatively large or if fewer 

feeding predators are involved, portions of the kill, most commonly the limbs (Haynes 1982; Hill 

1989), may be removed and carried offsite to be consumed in relative privacy. The great 

abundance of limb elements are present among the Bat Cave sample suggests that the carcasses 

were not regularly being transported and supports the hypothesis that the wolf-eaten peccary 

bones were the result of wolves actively entering the cave to hunt or scavenge them. 

Rodent Damage―Klippel and Synstellien (2007) demonstrated that rodent modification 

typically takes place between one and two years after death, long after the flesh has been 

removed from the bones. Furthermore, their study seems to imply that though omnivorous 

rodents are more likely to attack the fat-laden cancellous bone, more herbivorous rodents will 

tend to focus on the edge or on the protuberance of a bone after the fat has been leached away 

and where the cortices are thick. The pattern among the rodent modified elements from the BC 

sample suggest that the latter scenario occurred more frequently and is reinforced by the known 

presence of numerous herbivorous taxa such as eastern woodrat (Neotoma floridana). Also, 

rodent gnawing appears to be particularly pronounced around the edges of predator-inflicted 

bone breakages, perhaps due to these bones being broken into smaller fragments that are more 

manageable for gape of many rodents. Perhaps due to the relative thinness of the cortical bone in 

these elements, rodent modification to the skull and mandible is often particularly severe often 

leading to the damage and loss of teeth. Isolated teeth, in turn, appear to be highly sought after 

by rodents most likely due to the relatively high mineral content of the dentine.   

Trampling―Trampling by ungulates includes inadvertent kicking and placement of the 

hoof directly upon an object on the surface of the ground (Haynes 1983). Impact damage due to 
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