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Abstract

The National Geographic Society sponsored a paleontological expedition in the Peruvian 

altiplano, near the city of Huancayo, Peru in late May 2007. Field work conducted 

yielded a large quantity and diversity of late Pleistocene fossils (14C 23,340 years BP). 

Material collected includes a variety of well preserved canine specimens. A National 

Science Foundation Research Experience for Undergraduates (REU) grant has facilitated 

further study of these canine fossils. The primary focus of this research was determining 

the alpha taxonomy of the specimens recovered. Work was conducted at the Museo de la

Historia Natural de la Universidad de San Marcos in Lima, Peru, and the American

Museum of Natural History of New York City.

Based on comparative analysis of morphological features, the canids of Cueva Rosello 

appear to be distinctive from Pseudalopex culpaeus, the extant species of the region, and 

from the fossil species Pseudalopexperuanus, which was previously discovered and 

described from the Peruvian altiplano.
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Introduction

In 2006, a cave of mixed faunal fossils was serendipitously discovered 

approximately 26 km southwest of the regional capitol of Huancayo, Departmento de 

Junin, Peru. The cave, which had essentially been “capped” over time by erosion, was 

re-opened by marble miners while excavating an area for future work. The landowners 

notified paleontologists in Lima, Peru, granting their support and permission for scientific 

investigation of the sight. I joined a joint field expedition conducted by the American 

Museum of Natural History and the Museo de Historia Natural de Lima, Peru, and funded 

by a grant from the National Geographic Society, during late May of 2007. This 

expedition successfully recovered a large quantity and diversity of fossils from the Late 

Pleistocene era. Radiocarbon analysis has dated the contents of the site (titled “Cueva 

Rosello”) to approximately 23,340 (± 120) years BP (Shockey, in progress). Material 

collected included a variety of well-preserved canine specimens.

Species represented in the cave include animals indigenous to South America in 

addition to those which entered the continent as part of the Great American Interchange 

(Shockey, in progress; Van Valkenburgh 1991). This large-scale migration of organisms 

between North and South America, resultant from the rise of the Isthmus of Panama to

connect the two landmasses, creates an interesting case study for migration and 

evolutionary phenomena (Van Valkenburgh 1991). Although canids were not present in 

South America previous to the Interchange, the radiation which occurred within species 

of South American canids following their arrival is remarkable. Currently, a much 

greater diversity of Canidae is present in South America than in North America,
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notwithstanding a much shorter history on the southern continent (Van Valkenburgh 

1991).

Accordingly, phylogenetic relationships of South American canids are notoriously 

complicated and disputed within the field (Wayne et al. 1997). A variety of proposed 

phylogenies can be found in the recent literature. Morphological studies conducted by 

Berta (1987) and Tedford et al. (1995) placed the related genera Chrysocyon and 

Speothos in considerably distinct clades. Conversely, according to Bardelben et al.

(2005), Chrysocyon and Speothos share a common evolutionary ancestry, albeit 

maintaining an identity as being two of the most appreciably morphologically divergent 

taxa. Wayne et al. (1997) reported results similar to Bardelben et al. (2005) based on 

mitochondrial DNA analysis.

This current study is of particular interest to canid systematics as it harbors 

potential for lending evidence to both the genetic and morphological fields of study. 

Fossils found in the course of this study are remarkably well preserved, as a product of 

the altitude, climate and protected location. Efforts to extract molecular data for use in 

composite studies are currently underway. The extraction and analysis of this fossil DNA 

will require a significant amount of work, and will constitute future studies.

The purpose of the present research was to determine the alpha taxonomy and 

phylogenetic placement of the fossil canid specimens collected in Cueva Rosello. 

Morphological analysis of canid maxillary and mandible specimens was used to test the 

relatedness of these fossils to other representatives of Canidae from the region. Based on 

comparative analysis of morphological features, I hypothesized that the canids of Cueva 

Rosello would be distinctive from the Culpeo fox {Pseudalopex culpaeus), the extant
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species of the region (which are referred to as zorros in the local Spanish). Furthermore, 

the canids represented in Cueva Rosello are also unique from the fossil species, 

alternately referred to as both Cams and Pseudalopex peruanus, which has been 

previously found and described from the Peruvian altiplano (Nordenskiold 1908). These 

data have implications in South American canid systematic studies, and lend information 

regarding mammalian dispersal and evolution in the region (Van Valkenburgh 1991).
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Materials and Methods

The alpha taxonomy of this study was completed mainly utilizing comparative 

morphological analysis. As regions of high specificity, dental and cranial fossils are of 

particular value in taxonomic studies. This field expedition fortuitously yielded eight 

near-complete maxillary and cranial sections, four solitary molars and one partial 

mandible. The following specimens recovered from Cueva Rosello (CR) and cataloged in 

the Museo Nacional de Historia Natural de la Universidad Mayor de San Marcos 

(MUSM) were utilized in this study: MUSM 1273, maxillary fragment CR; MUSM 1274, 

maxillary fragment, CR; MUSM 1275, molar, CR; MUSM 1276, maxilla, CR; MUSM 

1277, maxilla, CR; MUSM 1287, mandible, CR; MUSM 1288, molar, CR; MUSM 1289,

molar, CR; MUSM 1292, molar, CR; MUSM 1383, cranium, CR; MUSM 1384, CR; 

MUSM 624, cranium, CR; MUSM 625, cranium CR; and an additional un-catalogued

cranium, CR.

Furthermore, the MUSM possesses several fossil canid specimens collected from 

another Peruvian site. This location, Cueva Jatun Uchco (located in Ambo, Peru; abbrev. 

CJU), provided the following canine fossils for study and comparison: MUSM 679, CJU; 

MUSM 684, CJU; MUSM 1308, CJU; MUSM 1309, CJU; MUSM 1309, CJU; MUSM

1310, CJU; MUSM 1354, CJU; MUSM 1312, CJU. All of the fossils collected at both 

sites remain in the MUSM. Extensive photographs of the specimens were taken, from 

which the qualitative observations later described have been made. Unfortunately, 

examination of some characters is difficult or even impossible without the actual fossils; 

this handicap was a limiting factor in data collection.
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The American Museum of Natural History (AMNH) vertebrate fossil collection 

also provided two Ecuadorian canine fossil skulls previously tentatively identified as

Pseudalopex culpaeus, AMNH 27904 and AMNH 67311, both of which were used in 

this study. Additionally, a limited number of Speothos, Canis, Cerdocyon and 

Chrysocyon fossils (all South American canine taxa) were available and employed.

Finally, the AMNH Department of Mammology possesses an extensive collection 

of extant South American Canidae specimens. Measurements and observations were 

taken from 119 South American canine skulls, spanning all nine extant taxa (plus one 

representative of Dusicyon, the recently extinct Falkland Island Wolf) for use in this 

study.

As is common in the field of paleontology, qualitative observation and analysis 

were fundamental to this study. Descriptive examination of the type fossils was paired 

with statistical analysis. Data points were graphed in scatter plots, and resultant 

observable trends were then tested for statistical significance. Most informatively, two 

tailed, two sample unequal variance T-tests were used in determining degree of 

distinction between test populations. These tests were used to compare dental 

morphological characters of fossil and extant fox populations.
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Results

Comparison of P. culpaeus animals from the American Museum of Natural 

History mammology collection (No’s 60570 and 36454) with photographs of the Cueva 

Rosello dogs shows the fossil specimens to have a relatively reduced upper first molar. 

The base of the molar extending lingually is larger and more robust in the extant 

mammals. The complexity of the Cueva Rosello Ml (upper first molar) is also reduced. 

Animals from the mammology collection exhibit a third cuspule to the protocone, a 

structure which appears to have fused with the neighboring cuspue into a loph in the 

Cueva Rosello foxes. (This final statement is based on the analysis of photographs of the

fossils, and is in need of further first-hand validation.) This condition is similar to the 

dental anatomy of P. gymnocerus, a close relative to P. culpaeus which also does not 

have the third subsidiary cusp. On the lingual side of the lower fourth premolar, the 

mesial base of the tooth is broader, flatter and more sloping on the fossil than on the 

extant dog.

Figure 1: Camassial tooth ratios of Peruvian canid populations
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Consideration of quantitative characters lends further support to the difference between 

extant P. culpaeus and the fossil populations. Graphing the log transformed length of the 

upper fourth premolar (P4) versus its log transformed width shows the Cueva Rosello 

fossils grouped together on the extremity of the data set created by the extant population 

and the fossils from Jatun Uchco (Figure 1).

Statistical analysis of the corresponding information corroborates this 

observation. Two tailed, two sample unequal variance T-tests comparing the extant P. 

culpaeus population to data collected from the Cueva Rosello fossils identifies 

statistically different populations in both the length and width of the upper fourth 

premolar. Subsequent statistical analysis (again, two tailed, two sample unequal variance 

T-test) of the length of both upper and lower first molar lengths confirms the existence of 

two separate populations in terms of these characters. As the complementary lower blade 

opposing the upper P4, this is an equally significant finding. Statistical comparisons of 

dental traits for several populations of fossils and extant specimens are shown (Table 1).
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Discussion

The primary objective of this research was to determine the alpha taxonomy and 

phylogenetic placement of the Cueva Rosello canids. This was chiefly done through 

dental morphological analysis. We have determined that Cueva Rosello foxes are 

distinctive from the Canis peruanus species which was previously found in the Peruvian 

altiplano. First described by Nordenskiold (1908), the Canis dogs are significantly larger 

than any Pseudalopex species, in all respects. There is no doubt that these two fossil 

populations are distinctive morph types, and the fossils from Cueva Rosello may 

represent a previously un-described species.

Fossils found in Cueva Rosello demonstrate significant differences from other 

Pseudalopex species. Notable differences are clearly seen in the upper second molar.

This tooth has often become reduced in animals with a hyper-carnivorous diet (Van 

Valkenburgh 1991). Qualitatively, fossils from Cueva Rosello have smaller and less 

complex M2 molars than the extant P. culpaeus counterparts from the same geographic 

region. This “squat” M2 design appears to also be present in fossils from the Jatun 

Uchco cave, although to a lesser degree. This observation could be indicative of an 

evolutionarily significant trend toward a more carnivorous diet in the region.

This idea of a hyper-carnivorous species is additionally supported when observing 

the upper fourth premolar (P4). Statistically significant differences in both length and 

width of this tooth as compared to the extant population are clear. The functional 

importance of this particular tooth as the upper camassial blade underscores the 

significance of this finding. In carnivorous species, the camassial blade is widely 

recognized as a location of particularly high levels of inter-specific variation. This is
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attributed to the significant influence which diet has on dental morphology (Van 

Valkenburgh 1991).

Studies examining the biodiversity of South American canids support the idea that 

specialized carnivores were able to evolve in regional niches. Previous to the arrival of 

canids in South America approximately two million years before the present era, no 

hyper carnivores existed on the continent (Van Valkenburgh 1991). This sharply 

contrasts with the carnivore composition of North America at the time, harboring six felid 

and one hyaenid species (Kurten and Anderson, 1980). This illuminates the incredible 

opportunity afforded to immigrant canids for occupying this specific ecological niche. 

Indeed, by the Lujanian (late Pleistocene) period, South American canids increased from 

seven to at least 16 species. Six of these species exhibited distinguishing hyper 

carnivorous dental traits (Van Valkenburgh 1991). Ultimately, in the time period from 

2.5 Ma to 10 Ka, South America saw the appearance of five new genera and an estimated 

16 species of canids, as compared to the addition of one feline genus and three species.

A drastic radiant evolution of the canidae in South America inarguably occurred; an

observation which only serves to support the thesis of this paper.

Furthermore, it is important to note that in the first wave of canid migration to 

South America, two genera Protocyon and Pseudalopex are present in the fossil record 

(Berta 1987). Evidently, Pseudalopex has existed in South America far longer than most

other canid genera, indicating sufficient time for significant intra-genera speciation.

Graphical analysis of the distribution of character traits among populations lends 

further support to the distinctive nature of this fox population. As shown in Figure 1, 

Cueva Rosello foxes group together on the extremity of the data set created when
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comparing camassial tooth sizes. This trend, which is seen in comparison of several 

characters, is further supported by T-tests confirming the statistical significance of these

differences.

Unfortunately, observation of dental traits is somewhat complicated by the 

condition of many of the fossil teeth. The animals collected were either old when they 

died or had frequently chewed on hard materials, as many of them have very worn teeth. 

This is most problematic with the foxes from Cueva Jatun Uchco, where almost all of the 

defining dental features have been ground away. Regardless of this disadvantage, I was 

able to acquire conclusive information about many of the features.

Similar use of analytical dental comparison has been previously utilized in 

determining species of South American canids. Berta (1984) describes similar 

differences in dental features when classifying various species of the South American 

genus Speothos. Ultimately, the qualitative observations, when combined with statistical 

analysis, may give evidence of a separate taxon.

Currently, the scientist leading this project, Dr. Bruce Shockey, is investigating 

the development of DNA analysis of fossilized specimens. It is hoped that these modem 

techniques can be applied to the canine fossils found, although the success of such a 

project remains to be seen.
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