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The Evolutionary Effects of Human Predation on Lagomorph 

Populations at Chevelon Pueblo 

Stephanie Reyes, Barnet Pavao-Zuckerman, David Raichlen 

 

Abstract 

 This research explores the possible consequences of human predation on lagomorph 

populations around Chevelon Pueblo (1290-1400 C.E.), a part of the ancestral Hopi Homol'ovi 

site cluster in northern Arizona. We hypothesize that pressure from Chevelon hunters may have 

caused an evolutionary shift in their main prey base – cottontails and jackrabbits – towards faster 

individuals better able to evade predation. Similar studies have explored the effects of human 

hunting on large-bodied animals, but rarely have investigated the effects on small animals and 

particularly not small mammals. To determine whether human hunting induced a change in 

lagomorph locomotion, cottontail and jackrabbit bones from Chevelon Pueblo that are indicative 

of size and speed were measured and compared through time. Results indicate no significant 

change for any element except the cottontail mandible, which was significantly smaller in the 

Early period than in either the Middle or Late periods. This shift could be due to a number of 

factors, including hunting practices or anthropogenic landscape changes. 

 

____________________________ 

 

Human hunting practices are known to influence the demographics of prey populations, 

but studies thus far have focused almost exclusively on human predation of large-bodied prey, 

neglecting the effects of similar pressures on small-bodied prey populations (Stiner et al. 2000). 

One of the well-documented changes brought about by human hunting in large mammals is a 



change in average body size. With large mammalian prey, such as artiodactyls, it has been 

demonstrated that, due to human hunters’ propensity to take the largest, most meat-rich 

individuals of a species, overhunting of those species results in a decrease in the average size of 

individuals in the population (Hill, Jr. et al. 2008). This occurs because the largest individuals are 

also usually the oldest, so consistently taking adults by hunting causes a demographic shift in the 

population that results in fewer adults relative to smaller-sized juveniles (Hill, Jr. et al. 2008, 

Wolverton 2001).  

Surprisingly, a similar result was uncovered for two small-bodied prey types in the 

Mediterranean over the course of the Paleolithic. These two, limpets and tortoises, “underwent 

substantial size diminution during the later Paleolithic and likely became rarer because of heavy 

harvesting” (Stiner et al. 2000:49). Although small in body size, limpets and tortoises have very 

low capture costs which likely resulted in their being a more highly-ranked prey in terms of 

hunter preference than fast-moving, evasive small prey such as rabbits and hares. In fact, Stiner 

(2000) explains this size change in limpets and tortoises and hunters’ subsequent focus on lower-

ranked small prey as indicating an increase in human population density over time in the areas 

studied. Lower-ranked small prey, including rabbits and hares, were able to sustain these larger 

human populations, Stiner (2000) contends, because they are “high-turnover” species with fast 

growth and reproductive rates as opposed to limpets and tortoises which grow and mature more 

slowly. This study was useful in showing how human exploitation of certain small prey types 

could signal changes in human population size, and also in connecting the size-diminution 

pattern seen in overhunted populations of large mammals to growth and reproductive rates rather 

than size alone; however, aside from demonstrating the resilience of rabbits and hares and 



similar low-ranked prey species to prolonged, intense human predation, specific effects on these 

populations were not examined. 

In the prehistoric North American Southwest, small-bodied, low-ranked small prey – 

mostly cottontails and jackrabbits – constitute the majority of recovered zooarchaeological 

assemblages (Szuter 1991). Southwestern peoples relied on these low-ranked species as their 

main meat source throughout Holocene prehistory, but not because of any prior overhunting of 

higher-ranked prey species. Large-bodied mammals were simply not readily available in these 

environments, so the taking of low-ranked prey was necessary for these human populations to 

survive. 

 

CHEVELON PUEBLO 

Chevelon Pueblo is one of seven villages that comprise the Homol’ovi site cluster in what 

is now northern Arizona (Adams 2002). Chevelon was occupied from approximately 1290 to 

1400 C.E., when it was abandoned likely due to a combination of political and environmental 

factors (Adams et al. 2004). It is situated at the confluence of the Little Colorado River and 

Chevelon Creek, but despite these water sources, large game were scarce, so Chevelon hunters 

focused their efforts on capturing cottontails and jackrabbits, which were abundant (Adams 

2002). Chevelon was the third largest village of the cluster, growing from an original 200 rooms 

in 1300 C.E. to 500 by 1375 C.E., although only 350 of these were occupied at its peak (Adams 

2002). The settlement’s maximum population is estimated to have been some 300 individuals 

who grew and subsisted primarily on maize, with the aforementioned cottontails and jackrabbits 

as their main meat source (Adams 2002). 

Because hunting was so focused on lagomorphs [zooarchaeological data from the 

Homol’ovi cluster indicate that 80-85 percent of recovered animal bone identifies as either 



cottontail or jackrabbit (Adams 2002)], we hypothesize that the pressure of human hunting may 

have induced an evolutionary shift in these populations toward faster individuals better able to 

evade predation. This hypothesis is based on the assumption that, as with many non-human 

predators, human hunters would be more likely to take the slower, easier-to-capture individuals 

before the faster ones (Eshel 1978, Eshel et al. 2005). We know that cottontails and jackrabbits 

are prolific reproducers, and therefore are able to sustain a high degree of predation pressure 

without a population collapse (Stiner 2000), but this high reproductive rate also means any shifts 

in the populations due to a selective pressure should become evident fairly quickly. Although 

Chevelon Pueblo was only occupied for about 100 years, this is enough time for human selective 

pressures to act on multiple generations of cottontails and jackrabbits. Even on this time scale, it 

is entirely possible that, as slower individuals were consistently culled from the gene pool, the 

average speed of individuals in the populations would increase. Such an increase would be 

evidenced by changes in dimensions and proportions of skeletal elements related to locomotion 

in cottontail and jackrabbit populations over time.  

In order to test this hypothesis, relevant limb bones of cottontails and jackrabbits from 

Chevelon Pueblo were measured and compared through time. Measurements were also taken 

from the mandible in order to control for any overall body size changes, as this element should 

not be affected by selective pressures on locomotion. Limb bones were measured because 

changes in their lengths would indicate longer possible strides, and consequently, faster speed. 

Changes in the proportions of skeletal attachment sites for muscles important to locomotion 

would also indicate shifts in running ability as an increase in a muscle’s moment arm length 

would increase its torque and allow for less energy to be expended with each stride, which 

translates into more powerful running ability (higher speed) and greater endurance.  



 

Methods 

 Standard zooarchaeological analysis techniques were employed to identify cottontail and 

jackrabbit bones from the Chevelon archaeological assemblage using the comparative faunal 

collections housed in the Stanley J. Olsen Laboratory of Zooarchaeology at the Arizona State 

Museum (University of Arizona). The species of cottontail most prevalent in the area around 

Chevelon is the desert cottontail (Sylvilagus audubonii), however this species is difficult to 

differentiate skeletally from less common species also present locally, such as the mountain 

cottontail (Sylvilagus nuttalli), so cottontail identification was restricted to the genus level 

(Sylvilagus sp.). The most common jackrabbit species in the area is the black-tailed jackrabbit 

(Lepus californicus), however the antelope jackrabbit (Lepus alleni) is also somewhat prevalent. 

Because these species are distinguishable from each other on the basis of size (L. alleni is 

substantially larger), identification to the species level is possible for jackrabbit.   

 The skeletal elements selected for study were the mandible, femur, tibia, calcaneus, ulna, 

and radius. To avoid measuring the same individual twice, only elements from the left side of the 

body were studied. Measurements taken for each element were as follows: for the mandible (fig. 

1a), length of the tooth row (TR) (measurement Lepus 2 from von den Driesch, 1976) and 

mandible height (MH) just anterior to the third premolar; for the femur (fig. 1b), greatest length 

(GL) and greatest length from the head (GLC), both as defined by von den Driesch (1976); for 

the tibia (fig. 1c), greatest length (GL) (von den Driesch, 1976); for the calcaneus (fig. 1d), 

greatest length (GL) (von den Driesch, 1976) and length of the calcaneal tuber (CT) 

(measurement 17 from Carrier, 1983); for the ulna (fig. 1e), length of the olecranon (LO), as 

defined by von den Driesch (1976), and length from the trochlear notch of the olecranon to the  



 

insertion of the triceps muscle (OT) (measurement 18 from Carrier, 1983), the latter point of 

which was visually approximated; and greatest length (GL) (von den Driesch, 1976) for the 

radius (fig. 1f). In addition, the relative length of the calcaneal tuber to the length of the 

calcaneus (CT/GL) was also calculated. All measurements were taken with digital calipers and 

imported into an Excel database to avoid transcription error. Due to the fragmentary nature of the 

archaeological remains, not all measurements could be taken for each specimen. In addition, the 

decision was made to only measure adult bone, as juvenile bone epiphyses are rarely found in 

 

Figure 1: Sylvilagus sp. (smaller specimens) and Lepus californicus (larger specimens) bones studied: the left (a) 

mandible, (b) femur, (c) tibia, (d) calcaneus, (e) ulna, and (f) radius. Descriptions of all measurements are in the text.  



association with their diaphyses. For the mandible, careful attention to both relative size and 

character of the bone (porosity, texture, etc.) was necessary to differentiate between adult and 

juvenile specimens. 

 Once collected, the data were then separated by species, element, and measurement type 

and compared based on time period: Tuwiuca (1290-1325 C.E.), Early Homol’ovi Phase (1325-

1365 C.E.), Middle Homol’ovi Phase (1365-1385 C.E.), and Late Homol’ovi Phase (1385-1400 

C.E.). Dates for the material were assigned based on ceramics type percentages for the structure 

from which they came, or the stratum when the structure was occupied over a long period of time 

(Adams 2010). Statistical comparisons were carried out using the ANOVA test function in 

Excel. Any significant results were then analyzed using a Least Significant Difference test to 

control for multiple comparisons. 

 

Results 

 Adequate sample sizes of measurable specimens were recovered for all elements except  

the femur for cottontails (Sylvilagus sp.) and the radius, ulna, and femur for the black-tailed 

jackrabbit (Lepus californicus). Minimal material was recovered for the antelope jackrabbit 

(Lepus alleni), so this species was excluded from the statistical analysis. The sample size from 

the Tuwiuca Phase (1290-1325 C.E.) was also inadequate, and is therefore also excluded from 

this analysis. 

 No significant differences were found among skeletal elements between the remaining 

periods for any of the limb bones (Tables 1 and 2), but a change was seen in the cottontail 

mandible (Table 1, highlighted). The mean depth of the cottontail mandible increased 

significantly from the Early Homol’ovi Phase (1325-1365 C.E.) to the Middle Homol’ovi Phase 



(1365-1385 C.E.) (Figure 2). The same result is seen when combining the Middle and Late 

Homol’ovi Phases (1365-1400) (Figure 3). Combining these two time periods also provides a 

better frame for comparison because the length of the combined Middle/Late Phase (45 years) 

more closely matches the length of the Early Homol’ovi Phase (40 years). 

 

Table 1 –  p-values and measurement comparisons across the Early, Middle, and Late Homol’ovi Periods. 

Significance at p < 0.5. The only significant change – an increase in cottontail (Sylvilagus sp.) mandible depth – is 

highlighted. 

    Sylvilagus sp. 

   EHP MHP LHP   

element measurement 
mean  
(mm) 

standard 
deviation 

mean 
(mm) 

standard 
deviation 

mean 
(mm) 

standard 
deviation p-value 

Mandible TR 12.4043 0.4417 12.493 0.5588 12.5362 0.6342 0.4730 

  MH 9.1996 0.4464 9.4772 0.3948 9.3662 0.6569 0.0102 

Femur GL - - - - - - - 

  GLC - - - - - - - 

Tibia GL 86.0456 2.5127 87.9412 1.9957 85.3407 3.5039 0.0615 

Calcaneus GL 18.9120 0.6269 18.7969 0.8163 18.9941 0.5618 0.5679 

  CT 10.9856 0.3970 10.9647 0.4767 11.0268 0.3845 0.8643 

  CT/GL 0.5807 0.0123 0.5860 0.0105 0.5812 0.0097 0.2744 

Ulna LO 6.5353 0.3155 6.5105 0.3124 6.4336 0.3370 0.4509 

  OT 7.9316 0.2773 7.9692 0.2943 7.9508 0.2517 0.8230 

Radius GL 54.8153 2.3269 53.8075 2.7292 55.3411 2.0206 0.3020 

 

Table 2 –  p-values and measurement comparisons across the Early, Middle, and Late Homol’ovi Periods. 

Significance at p < 0.5. 

    Lepus californicus 
   EHP MHP LHP   

element measurement 
mean  
(mm) 

standard 
deviation 

mean 
(mm) 

standard 
deviation 

mean 
(mm) 

standard 
deviation p-value 

Mandible TR 17.0271 0.5754 17.214 0.6103 17.0500 0.5997 0.8552 

  MH 12.5762 0.5843 12.6780 0.3852 12.4800 1.2196 0.9214 

Femur GL - - - - - - - 

  GLC - - - - - - - 

Tibia GL - - - - - - - 

Calcaneus GL 30.4300 0.7278 30.1900 0.9166 29.8500 1.1414 0.5966 

  CT 18.1475 0.5486 17.9225 0.3049 18.2910 0.8386 0.6560 

  CT/GL 0.6010 0.0151 0.5926 0.0073 0.6077 0.0132 0.2546 

Ulna LO 10.5900 0.3966 11.1467 0.6058 10.5700 0.0755 0.2412 

  OT 12.8925 0.4399 13.0420 0.6786 12.7500 0.5174 0.7842 

Radius GL - - - - - - - 



 

 

Figure 2. Showing the increase in mean mandible height for cottontails (Sylvilagus sp) between the 

Early and Middle Homol’ovi Periods. 

 

Figure 3. Showing the increase in mean mandible height for cottontails (Sylvilagus sp) between the 

Early and combined Middle/Late Homol’ovi Periods. 



Discussion 

 No change was found in any of the locomotor bone dimensions across time for cottontail 

and jackrabbit at Chevelon Pueblo, which means that, although cottontail and jackrabbit were the 

primary meat source for the Chevelon inhabitants, human predation as a selective pressure was 

not a strong enough to induce an evolutionary shift in these lagomorph populations.  

One explanation for the lack of change could lie with the method Chevelon hunters 

employed to capture lagomorphs. Because the people of Chevelon were ancestors to the Hopi 

people, it is reasonable to use Hopi ethnographic information to make assumptions about the 

behavior and methods used by Chevelon hunters (Adams 2002). Early 20
th

 century descriptions 

of Hopi rabbit hunting describe the practice as a ritualized activity in which groups of men 

gathered around an area in a “two-winged circle formation” spaced about 25 yards apart and 

slowly made their way to the center of the circle while beating the bushes to flush out the prey 

(Beaglehole 1936:12). Flushed rabbits would then be killed with a throwing stick (Beaglehole 

1936, Stephen 1936). Even given the chance that an occasional rabbit was able to evade the 

hunters and survive, mass drives such as these would target all rabbits in the hunting area, 

regardless of age, body size, or speed. The use of this hunting technique, therefore, may have 

offered no selective advantage to individuals that could run faster. 

The increased depth of the cottontail mandible was unexpected, as this element was 

meant to control for body size changes in the rabbit populations. Since this was the only element 

to change, however, it is unlikely to be the result of an increase in overall body size but rather an 

indication of a dietary shift in the cottontail population around Chevelon over the course of the 

site’s occupation. Research demonstrates that deeper jaws in mammalian taxa are an adaptation 

to tougher diets that require more masticatory force on the working side of the jaw in unilateral 



mastication (Hogue 2008, Hylander 1979). Deepening the mandible serves to counter the 

resulting deformation stress on the balancing side of the jaw (Hogue 2008, Hylander 1979). 

Rabbits practice unilateral mastication (Weijs et al. 1989), so it is possible the increased depth of 

the cottontail mandible is evidence of a shift toward harder foods in the cottontail diet (a caveat, 

however, is that these studies measure mandible depth at the molars, while this study measured 

depth anterior to the premolars). This shift might be related to the intensification of agriculture 

around Chevelon: human-introduced crops provided a new food source for cottontails and this 

new diet may have influenced their development. Rabbits were clearly agricultural pests in the 

past (Vorhies and Taylor 1933), and Hopi ethnographic accounts mention that some rabbit hunts 

were organized in order to clear their fields of the animals (Beaglehole 1936). More research into 

the specific effects of agriculture on these cottontail populations is needed in order to test this 

new hypothesis.  

 

Conclusion 

This study set out to investigate the effects of human predation on cottontail and 

jackrabbit populations around Chevelon Pueblo. Specifically, it tested the hypothesis that human 

hunting pressure would select for changes in lagomorph limb bone lengths and proportions over 

time that would translate into faster speed and a better chance at evading predation. No change 

was found in any of the skeletal elements relating to locomotion, however, which may indicate 

harvesting pressure was simply not intense enough to cause an evolutionary shift. Another 

possibility is that the mass-capture hunting technique employed by the Chevelon people to 

capture cottontails and jackrabbits did not, in fact, offer a selective advantage to faster 

individuals. Similar research with the faunal assemblages from the more densely-occupied 



Homol’ovi sites, such as Homol’ovi I and Homol’ovi II – which are more than double the size of 

Chevelon (Adams 2002) – could help clarify whether the intensity level of hunting pressure or 

hunting technique is the main factor behind the lack of change observed in this study. 

A piece of the story might also be missing due to the design of this experiment. 

Demographic shifts toward greater proportions of juveniles compared to adults have been 

documented for large mammalian prey as a result of human hunting (Hill, Jr. et al. 2008, 

Wolverton 2001), but this study did not monitor the proportion of juvenile bone in the 

assemblage for each time period. Juvenile bone was not included in this analysis because these 

bones are usually incomplete (missing epiphyses) and cannot be measured according to the 

standards set for adult bone. It is possible that further study into the proportions of cottontail and 

jackrabbit juvenile bone in the various time periods may uncover effects of human predation 

hidden from the current study.      

Although no evolutionary change was found in the locomotor bones of cottontails and 

jackrabbits around Chevelon Pueblo, a shift was detected in the mean depth of the cottontail 

mandible. This shift could be tied to the agricultural activities of the Chevelon people, but more 

research is needed to test this hypothesis. Specifically, it would be useful to analyze the mandible 

depth of cottontails around Chevelon after it was abandoned. Because the range of mandible 

depths did not change over the range of settlement time – only the mean depth changed – the 

genetic potential for the smaller mandible depth remained in the population even when the shift 

occurred. So, if the mandible change persisted after the period of human habitation and 

agriculture ceased, it would point to a cause unrelated to human settlement activities. If the 

mandible depth went back to pre-shift levels after Chevelon was abandoned, this would lend 

more weight to the human-induced change hypothesis.  
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