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Figure 21. Modified from Fortelius and Solounias (2000), the figure shows the percent sharp,
percent round, and percent blunt against hypsodonty index for both browsers and mixed feeders.
Points in color represent the three Orellan artiodactyls in this study, plotted in both categories for
comparison. Red corresponds with Hypertragulus calcaratus, green with Hypisodus minimus,
and blue with Leptomeryx evansi.
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A more conclusive study might use additional taxa, however, including a variety of taxa
that encompass multiple feeding behaviors. A study on the Miocene, where C4 vegetation
occurred would be useful. Additionally, a source of error could occur in that | used the m3 rather
than the M2. The M2 was used in Fortelius and Solounias (2000) because upper molars generally
show less wear than lowers; gravity wears the lower molars down more. Lower molars
consistently score rounder than upper molars (Fortelius and Solounias, 2000) and a lower molar
index for mesowear should be developed to accurately use the data | collected. While other
studies have tried to extend which teeth can be used to score mesowear analysis, such as P4-M3,

results were not consistent enough to prove viable (Kaiser and Fortelius, 2003).

In this study, I did not use the M2 for several reasons. First, | cannot identify either
Hypertragulus or Leptomeryx to species by upper molars. Additionally, I would not be able to
pinpoint upper molars to correlate to the lower molars of the same animal unless there was
exceptional preservation that yielded a skull with both the maxilla and mandible. Finally, this
study focused on m3s that would yield results for hypsodonty index and volume. So overall,
mesowear can be a proxy to determine feeding behavior, but for this study the results may have
sources of error. Further studies would be better if they used M2 to better match the index
provided by Fortelius and Solounias (2000), or to expand on the study and try to create one with

lower molars. For both of those options, it would be better to use a larger number of taxa.

Occlusal surface area
In addition to parsing through the dietary proxies of these Orellan artiodactyls, a second

part of my study was to test the accuracy of these means of gathering data, specifically by testing
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the three different methods of measuring the occlusal surface area: Keyence software polygon

area feature, Janis (1988) method, and the Seyler (2018) formula derived for this study.

Before | looked at how my formula compares to what | consider to be the most accurate
surface area (the polygon area measured using the Keyence software), | looked at how the Janis
(1988) method of occlusal area values compared to the occlusal surface area values calculated by
the Keyence software. The area (Keyence) is the sum of the polygon areas (Figure 10), compared
to how Janis’ (1988) calculated area (product of occlusal m3 length and width of selene 1

(measured from metaconid to protoconid) (Figure 3)).
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Figure 22. Graph of the occlusal area calculated using methods from Janis (1988) (x-axis),
plotted against the Keyence area- a sum of the polygon areas measured using the Keyence VHX-
2000 Digital Microscope (y-axis). See discussion below.
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The graph demonstrates how the data calculated using Janis’s (1988) method compare
with the results of the two alternative methods of collecting occlusal surface area used in my
study (i.e., Keyence software, Seyler formula). To start, this graph shows a definitive clumping
of occlusal surface area values by species (each species is represented by red, green, or blue
circles on the graph), inferring that each Orellan species has a distinct range of m3 volumes,
supported by Figure 15. Next, the line of best fit (pink) shows a close correlation between the
two methods of measuring surface area — Janis’s (1988) method (x-axis) and the values that |

obtained using the Keyence VHX2000 Digital Microscope (y-axis).

The r? value represents how well the data fits with the line of best fit on a scale of 0 to 1,
where 0 represents no fit and 1 represents a perfect fit with the model The r? value of Figure 22 is
.961, showing a remarkable fit between the model and its line of best fit. The r? value is not to
be confused with the slope of the line of best fit, but rather it accounts for the accuracy of the
slope. If Janis’s (1988) method was perfectly accurate, we would expect a slope of 1. A slope m
> 1 on Figure 18 indicates the Keyence area is roughly m times greater than the Janis (1988)
estimated value and vice versa with a slope m < 1, assuming a y-intercept of 0. A y-intercept of 0
on the line of best fit indicates the null value where a non-existent tooth would have an occlusal
surface area of 0. While in Figure 22 the line of best fit does not pass precisely through 0, it is
rather close and could be corrected in further studies with a larger sample of data and/or use of
smaller specimens. For the purposes of this paper, | consider the actual value of the y-intercept:

640,765.34 um?, small enough to be negligent.

It should be noted that there is a great benefit of using the original method of Janis (1988)
to calculate occlusal surface area or volume. Because only the length of the molar and width

from the metaconid to protoconid (selene 1) is required, the tooth need not be as complete to
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derive an estimate of tooth volume. If the base of the crown is preserved well enough to
accurately measure the molar length, the Janis (1988) method for estimating tooth volume only
needs the occlusal surface of selene 1 to also be preserved. My formula is constructed where
both selenes and the posterolophid must be preserved to measure the width and length of each to
then be summed into a total occlusal surface area. In two UCM specimens (UCM 35889:
Hypisodus minimus and UCM 41499: Hypertragulus calcaratus), surface area could be
calculated using the two measurements of the Janis (1988) method, given broken/partial teeth.
However, the challenges with using broken/partial molars occurred with only 7 of the 71
specimens analyzed; calculations were performed on only the specimens that had all relevant
measurements taken. Additionally, the implications from Figure 22 may provide a fourth

alternative method (see Modified Janis (1988) below).

Seyler (2018) formula

2W,4L
—11 to calculate the occlusal surface area of the m3 (See

For this study, | derived, 4 = .

Materials and Methods: Formula Derivation). This formula takes into account the unique
parabolic shape of the selenes rather than a rectangular shape, which is what Janis (1988)
modeled her formula after. The reason | focus on occlusal area in this section rather than volume
is because the most notable change would be the area of the occlusal surface of the molar.
Below, Figure 19 plots the values of occlusal surface area calculated by the Keyence software

against values calculated using my formula.
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The r? value of the line of best fit is 0.973, showing a remarkable fit with the model,
similar to the fit found in Figure 22. However, the line of best fit has a slope of m = 1.126,
showing the Seyler (2018) formula is not perfect. If the Seyler (2018) formula were to yield the
Keyence occlusal surface area, the slope would be m = 1.0. Given that, it appears the Seyler
(2018) formula overestimates the occlusal surface area by approximately
12.6%. While the method is not as accurate as using the Keyence software to draw a polygon
area, it provides another method to measure occlusal surface area, that takes into account the

unique parabolic shape of the selenodont molars of artiodactyls.

| also chose to look at the percent area per selene to get a closer look at the accuracy of
this formula. The percent error of the total area was calculated by taking the sum of the
calculated areas of the individual selenes and posterolophid and comparing to the sum of the
Keyence areas, rather than taking an average of the percent errors of each individual selene. This
way, | can more closely analyze how accurate the formula is per selene as it relates to each taxon

in this study. Table 4. summarizes these values.

There does not appear to be any major trend per selene, although it seems the formula
was most accurate for selene 2 of Hypertragulus calcaratus and least accurate for selene 1 of
Hypertragulus calcaratus, which appear to balance each other out overall and best fit the model
in Figure 23. The overall large percent error in the Hypisodus minimus may be accounted for by
the small occlusal surface area to begin with, leaving more room for error between the two

methods.
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Figure 25. This figure is a summary of two of the methods to calculate surface area. The orange
represents the polygon area that would be measured using Keyence software. The brown

parabola represents the individual length and widths that were measured to use the Seyler (2018)

2W4 L
formula, A = /2 |
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CONCLUSIONS AND FUTURE RESEARCH

The purpose of my Masters research was to explore if there are dietary differences among
the three extinct hornless ruminant artiodactyls Hypertragulus calcaratus, Hypisodus minimus,
and Leptomeryx evansi. These artiodactyls occurred in the early Oligocene (Orellan NALMA) at
one locality found in the UCM paleontology holdings (UCM loc. 77271). This locality is in
northwest Nebraska, in Toadstool Geologic Park; it is in the Orella Member of the Brule

Formation, part of the White River Group.

Using paleodiet proxies of hypsodonty index, mesowear, and tooth volume, | was able to
use these to confirm a browsing diet (Wall and Collins, 1998; Zanazzi and Kohn, 2008), yet
these species may have been utilizing unique parts of their environment. This was most obvious
when plotting a box and whiskers plot of the values of hypsodonty index by species and
comparing it to the mean and range of three unique diet types found in extant ungulates provided
by Janis (1988) (Figures 12 and 13). However, when plotting mesowear against hypsodonty
index on a figure provided by Fortelius and Solounias (2000) (Figure 17), it appears the
mesowear values more closely fit with mixed feeders. When hypsodonty index was plotted
against volume, distinct zones formed between species (Figure 20). While this alone does not
serve as a proxy for diet, it provides the possibility these species can be differentiated

morphometrically (with further confirmation of identification morphologically).
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This study also explored new methods to measure the occlusal surface area. Before this
paper, the primary published method to find surface area would be to treat the m3 as a
rectangular prism, calculating occlusal surface area by multiplying the m3 length by the width of
selene 1 (Janis, 1988). This paper introduces three additional methods, all considerably more
accurate. The first, most accurate, is to use the Keyence VHX-2000 software, a digital
microscope that has the capability to draw a polygon area onto an image; the area is then
calculated by the Keyence software and provided in um?2. After comparing the Keyence occlusal
surface area to the methods of Janis (1988), an additional method was created: the modified Janis
(1988) method. This modified method uses the same measurements as Janis (1988), but the
product of length and width is also multiplied by 0.622, a number derived from the slope of the
line of best fit (Figure 22). One final method to calculate surface area was to use a formula |

derived for this study that takes into account the parabolic shape of selenodont teeth found in

1Ly

some artiodactyls. This formula, A = % , requires the measurements of each selene and the

posterolophid, then a summation of values to find the overall occlusal surface area.

Further studies on these three early Oligocene artiodactyls could include multiple
localities that correlate to the same time interval to see if there are further differences by locality.
Another study could work with either a singular locality or multiple localities over a period of
time, such as spanning the Eocene-Oligocene boundary. However, this would be difficult to
perform with the exact three artiodactyls in this study as only one (Hypisodus minimus) occurs in
the late Eocene (Chadronian NALMA). Leptomeryx evansi had predecessors in the late Eocene
(Leptomeryx speciosus), so a study could work since they are closely related, or a different time
interval could be studied. Given the many species of Leptomeryx that occur throughout the

Chadronian (late Eocene) such as Leptomeryx mammifer, Leptomeryx yoderi, and Leptomeryx
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speciosus, it would be interesting to conduct a similar study that focuses on hypsodonty index
and volume to see if one could morphometrically differentiate between the species. These
species of Leptomeryx through the Chadronian all appear relatively equal in size, yet so did
Leptomeryx evansi and Hypertragulus calcaratus. The data shows the primary difference
between the two taxa was the much higher occlusal width of selene 1 found in Leptomeryx

evansi which simultaneously increased overall volume and lowered hypsodonty index values.

Further studies could more accurately look at mesowear, using the M2 as Fortelius and
Solounias (2000) did. Using the Fortelius and Solounias (2000) mesowear index as a guide, it
would be interesting to further apply mesowear into paleontological studies using studies from
the Miocene where grassland environments led to grazing mammals to differentiate from
browsing mammals. A study along this line of thought would require many more taxa to be

observed.

Although lots of studies have been conducted on the White River Group fauna, my study
shows there is still much more to learn about these taxa. Expanded studies that include more
taxa, cover both sides of the Eocene-Oligocene boundary, and utilize a combination of non-
destructive proxies and isotope analysis could yield unexpected results and more closely define

the dietary differences amongst taxa.
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APPENDIX A. Key to abbreviations for Appendices I, Il1, and 1V
Abbreviation Description
UCM # The specimen number assigned by the University of Colorado Museum of
Natural History
S1 Selene 1 (Figure 3)
S2 Selene 2 (Figure 3)
P Posterolophid (Figure 3)
H Height
L Length
W Width
B Height specific to the buccal pillar (Figure 8)
R Length of ridge (Figure 7)
m3 Lower third molar
Pa Polygon area (Figure 10)
g Gumline

A note on how the abbreviations are used: what is being measured (e.g. length, width, height)
comes first, then location.

Several examples:

H_B_S1 S2: Height of buccal pillar between selenes 1 and 2
H_g_P: Height between the gumline and posterolophid
R_S1_S2: Length of ridge between selenes 1 and 2



Appendix B. Labial view measurements. All measurements are in pm.

UCM # | Species HBSL1S2|HBS2P|HS1L |HS2 |[HP HgSl1|HgS2|HgP
36020 | Hypertragulus calcaratus 1578 807 4178 3983 2362
36022 | Hypertragulus calcaratus 1947 4401 4256 2987
36026 | Hypertragulus calcaratus 1732 3094 3163 2349 439 379
36028 | Hypertragulus calcaratus 5300 3706 3086
36029 | Hypertragulus calcaratus 1680 996 4086 4167 2538
36036 | Hypertragulus calcaratus 2040 1556 3983 4301 2655
36038 | Hypertragulus calcaratus 1758 2015 702 1028 1116 1563
36040 | Hypertragulus calcaratus 506 325 3511 3122 2611
36041 | Hypertragulus calcaratus 1842 1482 3603 3739 2618
36042 | Hypertragulus calcaratus 1020 478 4689 4841 2550
36062 | Hypertragulus calcaratus 2113 1497 4234 3977 2718
36067 | Hypertragulus calcaratus 2054 706 3742 4009 3365
36080 | Hypertragulus calcaratus 1684 3963 3364
38525 | Hypertragulus calcaratus 1504 3265 3125 2219
38648 | Hypertragulus calcaratus 3144 2986 2439
38652 | Hypertragulus calcaratus 1930 1556 4019 3920 2980
38654 | Hypertragulus calcaratus 129 4148 3431 2792
38655 | Hypertragulus calcaratus 1878 1050 4937 5001 3290
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38656 | Hypertragulus calcaratus 2688 2622 1734
38660 | Hypertragulus calcaratus 1974 1695 3208 3068 2635
41493 | Hypertragulus calcaratus 2422 2722 1882
41495 | Hypertragulus calcaratus 2517 1593 5234 4457 2854
41497 | Hypertragulus calcaratus 1967 1306 4215 4096 2884
41499 | Hypertragulus calcaratus 2363 1952 4485 4262 2608
41712 | Hypertragulus calcaratus 1453 793 4016 3738 2600
47255 | Hypertragulus calcaratus 2605 2033 4868 4807 4001
49301 | Hypertragulus calcaratus 1761 1277 3249 3419 2274
35885 | Hypisodus minimus 1857 1306 778
35886 | Hypisodus minimus 1571 1307 750
35888 | Hypisodus minimus 2400 2439 1921
35889 | Hypisodus minimus 3075 2944 2389
35890 | Hypisodus minimus 1801 1814 3555
35893 | Hypisodus minimus 1990 2111 1808
35898 | Hypisodus minimus 2247 1965 1498
35901 | Hypisodus minimus 1856 1372 1551
35902 | Hypisodus minimus 2804 2476 1906
41510 | Hypisodus minimus 2675 2326 1805
41511 | Hypisodus minimus 1984 1913 1527
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41722 | Hypisodus minimus 1769 2139 2030

41724 | Hypisodus minimus 2420 2140 1713

47249 | Hypisodus minimus 1872 1783 1644

47252 | Hypisodus minimus 2092

47983 | Hypisodus minimus 3021 2430 2286

49305 | Hypisodus minimus 1980 1804 1549

57614 | Hypisodus minimus 1595 1570 1161

35909 | Leptomeryx evansi 616 720 2781 2791 2345 616 720 1408
35914 | Leptomeryx evansi 1501 2550 3337 3200 585

35915 | Leptomeryx evansi 1378 949 3531 3645 3139 480

35916 | Leptomeryx evansi 1627 2834 2919 2551 485 684 657
35917 | Leptomeryx evansi 1278 4392 4468 4354

35919 | Leptomeryx evansi 808 3876 4006 2714

35920 | Leptomeryx evansi 2219 3891 4024 3681 1037
35924 | Leptomeryx evansi 1577 3311 3016 2501

35938 | Leptomeryx evansi 1243 3312 3489 2940 591 405

35939 | Leptomeryx evansi 1972 4398 4188 4529

38639 | Leptomeryx evansi 1399 3673 3798 2877

41472 | Leptomeryx evansi 1299 633 3174 2864 2385

41481 | Leptomeryx evansi 921 3535 3428 2775

85



41693 | Leptomeryx evansi 2500 2247 1780 754 629

41696 | Leptomeryx evansi 1173 3313 3406 2759

41702 | Leptomeryx evansi 3721 3965 3253

47134 | Leptomeryx evansi 2931 2862

47262 | Leptomeryx evansi 1463 4596 4320 2336

47266 | Leptomeryx evansi 1230 3047 2321 2777

47267 | Leptomeryx evansi 880 2099 2818 2306 1406 1245 953
47268 | Leptomeryx evansi 1314 4270 3931 3165

49294 | Leptomeryx evansi 2418 2936 1879 1492 1394 1671
57367 | Leptomeryx evansi 3636 4075 3043 870 365

57630 | Leptomeryx evansi 1200 938 4294 4104 2718

57636 | Leptomeryx evansi 1780 1633 1861 864 549 542
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Appendix C. Lingual view measurements. All measurements are in um.

UCM # | Species RS1S2[RS2P[Lm3 [HSL [HS2 [HP HgSl|HgS2[HgP
36020 | Hypertragulus calcaratus 1626 1929 8776 4109 3962 2642
36022 | Hypertragulus calcaratus 1558 1565 8270 4063 3853 3239
36026 | Hypertragulus calcaratus 1769 1410 8203 2738 2793 2544 983 793 553
36028 | Hypertragulus calcaratus 2355 2579 9355 5105 4870 3017
36029 | Hypertragulus calcaratus 1666 1856 7756 4006 4014 2862
36036 | Hypertragulus calcaratus 2041 1510 8805 4109 3626 3221
36038 | Hypertragulus calcaratus 1850 8181 1692 744 1435 1870
36040 | Hypertragulus calcaratus 1880 1739 8020 3991 3984 2785
36041 | Hypertragulus calcaratus 1386 1671 7323 3964 3541 2915
36042 | Hypertragulus calcaratus 1714 2006 7954 4094 3215 2413
36062 | Hypertragulus calcaratus 1945 1718 7785 4243 3988 3009
36067 | Hypertragulus calcaratus 2292 2304 8651 4779 4399 2884
36080 | Hypertragulus calcaratus 2305 1615 6619 4913 4245 3100
38525 | Hypertragulus calcaratus 1594 1564 8607 3381 3133 2370
38648 | Hypertragulus calcaratus 1894 1901 9304 2723 2341 1725
38652 | Hypertragulus calcaratus 1942 1710 8520 3574 3577 3070
38654 | Hypertragulus calcaratus 1962 1500 8093 3857 4024 2998
38655 | Hypertragulus calcaratus 2066 2278 8321 4087 3746 2033
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38656 | Hypertragulus calcaratus 1967 1868 8453 3597 3417 2304
38660 | Hypertragulus calcaratus 1847 1713 8981 3508 3952 3945
41493 | Hypertragulus calcaratus 1418 1852 7881 2582 2555 2121
41495 | Hypertragulus calcaratus 2013 2088 7859 3955 4016 2418
41497 | Hypertragulus calcaratus 2113 2016 8277 4165 3872 3199
41499 | Hypertragulus calcaratus 2226 1973 3441 3911 3277
41712 | Hypertragulus calcaratus 1991 2016 7719 3866 3090 1868
47255 | Hypertragulus calcaratus 2088 1771 8952 4435 4235 3355
49301 | Hypertragulus calcaratus 2005 1854 7816 3471 3454 2192
35885 | Hypisodus minimus 1132 1085 4784 2077 1703 1270
35886 | Hypisodus minimus 649 935 4564 2021 1907 1410
35888 | Hypisodus minimus 960 837 5356 2146 1702 1571
35889 | Hypisodus minimus 720 1047 6281 2457 2423 2050
35890 | Hypisodus minimus 1202 991 5283 2528 3237 3284
35893 | Hypisodus minimus 1044 1037 5452 185 1662 1187
35898 | Hypisodus minimus 1152 784 4858 1971 1639 1043
35901 | Hypisodus minimus 613 726 3632 2703 2475 1705
35902 | Hypisodus minimus 1041 1097 4769 1974 1872 1485
41510 | Hypisodus minimus 1394 788 4887 2054 1399

41511 | Hypisodus minimus 1052 763 4968 2032 1631 1098
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41722 | Hypisodus minimus 1138 956 4982 1766 1306 995

41724 | Hypisodus minimus 1140 909 5232 2328 2807 5802

47249 | Hypisodus minimus 1110 978 4725 2146 1738 1451

47252 | Hypisodus minimus 329 615 2003 2289 2267 1815

47983 | Hypisodus minimus 1365 1298 5305 3884 6982 6041

49305 | Hypisodus minimus 1425 1115 5517 2164 1585 1190

57614 | Hypisodus minimus 1077 1000 5241 1933 1534 1069

35909 | Leptomeryx evansi 1647 1641 | 10163 4531 4358 3679

35914 | Leptomeryx evansi 2083 1665 8922 2672 2788 2543 793 602

35915 | Leptomeryx evansi 2086 1963 8559 4005 4106 2909 560 364 177
35916 | Leptomeryx evansi 1896 2134 9647 3363 3160 2965 1066 1290 970
35917 | Leptomeryx evansi 2263 1804 9010 3736 3704 2979 868 407

35919 | Leptomeryx evansi 2224 2105 8823 4582 4133 2182 758 561 466
35920 | Leptomeryx evansi 2426 2494 9724 4473 4476 3447 793 740

35924 | Leptomeryx evansi 1578 1862 8372 3693 3513 2860 667 728 474
35938 | Leptomeryx evansi 2076 1829 9295 3499 3490 2871 792 583

35939 | Leptomeryx evansi 1692 1518 8021 4332 4123

38639 | Leptomeryx evansi 1888 1858 9284 3961 3979 2371

41472 | Leptomeryx evansi 2181 2181 8317 3247 3809 2097 1027 485

41481 | Leptomeryx evansi 1771 1716 7867 3780 3857 2937 638 352




41693 | Leptomeryx evansi 1846 1905 9274 2576 2981 2392 1497 1550 1468
41696 | Leptomeryx evansi 1765 1908 | 10372 3598 3445 2758

41702 | Leptomeryx evansi 1648 1593 8372 4044 4043 3976

47134 | Leptomeryx evansi 1913 10042 3501 1019

47262 | Leptomeryx evansi 3196 1509 7504 4009 3312 2623 586

47266 | Leptomeryx evansi 1850 1880 8174 2422 2611 2177 1267 1426 1077
47267 | Leptomeryx evansi 1748 1786 8878 3022 3003 2216 1376 1122 1788
47268 | Leptomeryx evansi 1813 1325 6040 3821 2874 2437 341

49294 | Leptomeryx evansi 2230 2290 9845 3901 3571 2585 802 794 1026
57367 | Leptomeryx evansi 2389 2154 9064 4272 4051 3037 755 341

57630 | Leptomeryx evansi 2630 2444 8350 4661 3960 2550

57636 | Leptomeryx evansi 1405 1844 8768 2342 2776 2887 2108 2076 1361
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Appendix D. Occlusal View Measurements. Polygon area measurements are taken in um?. Length and width are in um.
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UCM # | Species pa_S1 pa_S2 pa_P L S1 L _S2 LP WSl |[WS2 |WP
36020 | Hypertragulus calcaratus 4391049 | 4278468 | 2959204 2686 2588 2480 2312 2531 2178
36022 | Hypertragulus calcaratus 4421954 | 3938624 | 2042616 2434 2791 1765 2092 2422 1704
36026 | Hypertragulus calcaratus 6779109 | 5842331 | 5025995 2535 2789 2564 3373 3158 2676
36028 | Hypertragulus calcaratus 7433545 | 4186131 | 3115935 3061 2605 2685 2366 2385 1623
36029 | Hypertragulus calcaratus 4051528 | 3853555 | 3005184 2466 2396 2177 2104 2596 2005
36036 | Hypertragulus calcaratus 4483333 | 4706395 | 2908594 2645 3107 2211 1689 2002 1869
36038 | Hypertragulus calcaratus 6174637 | 5470129 | 4205675 2596 3002 2324 2791 3135 2368
36040 | Hypertragulus calcaratus 4689920 | 4684805 | 1837806 2653 2609 2232 1984 2033 1488
36041 | Hypertragulus calcaratus 4975923 | 5373700 | 1996313 2566 2691 1728 2100 1975 1842
36042 | Hypertragulus calcaratus 3448295 | 4226888 | 2096457 2371 2848 2390 1697 1904 1749
36062 | Hypertragulus calcaratus 5929122 | 5430179 | 3036843 2497 2706 2144 2436 2490 1616
36067 | Hypertragulus calcaratus 3950879 | 3336499 | 2303637 2376 2829 2413 2296 2337 2239
36080 | Hypertragulus calcaratus 6932609 | 5603762 2919 2659 2659 1963
38525 | Hypertragulus calcaratus 4264685 | 3127188 | 3084115 2625 2230 2457 1489 2034 2105
38648 | Hypertragulus calcaratus 8127554 | 8717274 | 4878848 2350 3528 2762 3699 3659 2769
38652 | Hypertragulus calcaratus 4354491 | 5021365 | 3506766 2419 3067 2309 2627 2201 1945
38654 | Hypertragulus calcaratus 3826097 | 3057625 | 1435237 2590 2416 1863 1933 1975 1650
38655 | Hypertragulus calcaratus 4111669 | 4154311 | 2641543 2690 3045 2445 1822 1949 1708
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38656 | Hypertragulus calcaratus 6276719 | 5927023 | 4433960 2499 2649 2778 3033 3231 2520
38660 | Hypertragulus calcaratus 4977754 | 4776173 | 2790682 2643 2863 1943 2622 2123 2065
41493 | Hypertragulus calcaratus 7610413 | 7321233 | 4424538 2488 3105 2480 3555 2980 2605
41495 | Hypertragulus calcaratus 3683203 | 3246607 | 2295884 2480 2560 2151 2078 1805 1569
41497 | Hypertragulus calcaratus 4921544 | 4447851 | 2735764 2568 2603 2588 2041 2297 1792
41499 | Hypertragulus calcaratus 6157300 | 4610882 2593 3230 2970 2236

41712 | Hypertragulus calcaratus 4002318 | 3407214 | 3260605 2516 2575 2583 1878 1743 1960
47255 | Hypertragulus calcaratus 3638946 | 3889198 | 2067814 2853 3164 2452 1584 1703 1366
49301 | Hypertragulus calcaratus 6306709 | 6354735 2282 2744 3346 3055

35885 | Hypisodus minimus 2742979 | 2630828 | 364449 2392 1539 932 1941 1665 500
35886 | Hypisodus minimus 3647452 | 2978479 | 492806 1954 1523 945 2592 2065 864
35888 | Hypisodus minimus 2069429 | 1663092 | 1502161 1784 1820 1596 1648 1538 1165
35889 | Hypisodus minimus 2820994 | 2645096 | 2764838

35890 | Hypisodus minimus 2157621 | 1632510 | 1120160 1783 1426 1450 1454 1432 1260
35893 | Hypisodus minimus 2183518 | 1939780 | 1655070 1600 1489 1534 1701 1702 1486
35898 | Hypisodus minimus 1846474 | 1534789 | 1290513 1677 1532 1524 1400 1503 1159
35901 | Hypisodus minimus 1661207 | 1110523 | 172991 1596 1532 452 1175 1344 348
35902 | Hypisodus minimus 1187784 | 1194461 | 1027984 1086 1254 1296 1284 1409 1505
41510 | Hypisodus minimus 1821169 | 2225029 | 1364813 2122 1568 1376 1741 1644 1137
41511 | Hypisodus minimus 1878994 | 1202860 | 1048606 1771 1483 1497 1063 1154 820
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41722 | Hypisodus minimus 2717889 | 2224922 | 1796025 1627 1722 1431 1977 1976 1485
41724 | Hypisodus minimus 1636225 | 1301227 | 948354 1806 1517 1501 1169 1284 991
47249 | Hypisodus minimus 1528328 | 1191876 | 1047313 1828 1405 1264 1146 1146 1096
47252 | Hypisodus minimus 580943 | 622204 | 361757 886 576 752 1183 1085 863
47983 | Hypisodus minimus 1917436 | 1691951 | 1710903 1848 1759 1795 1511 1566 1362
49305 | Hypisodus minimus 2709974 | 1697658 | 1854927 1829 1944 1702 1908 1941 1707
57614 | Hypisodus minimus 2494851 | 1914083 | 1437977 2057 1539 1595 1651 1617 1429
35909 | Leptomeryx evansi 11973884 | 9950190 | 5367786 3035 3165 2298 4689 4521 3218
35914 | Leptomeryx evansi 9757164 | 8175293 | 5488382 3108 2781 2663 4139 4027 3073
35915 | Leptomeryx evansi 6546946 | 6758563 | 4343023 2399 2524 2490 3181 3915 2816
35916 | Leptomeryx evansi 11187777 | 10270934 | 6504092 3154 3249 2714 4629 4675 3530
35917 | Leptomeryx evansi 8736022 | 9568363 | 4346886 3133 2727 2354 3828 3909 2981
35919 | Leptomeryx evansi 8527182 | 8870500 | 4993927 2977 3214 2453 3420 3696 3146
35920 | Leptomeryx evansi 7624463 | 7714759 | 4015156 3078 2910 2842 3186 3398 2300
35924 | Leptomeryx evansi 9133300 | 8126041 | 5024106 2954 2433 2191 3773 3436 3007
35938 | Leptomeryx evansi 9801950 | 8697393 | 6599700 3068 2813 3271 4005 3866 2854
35939 | Leptomeryx evansi 8998822 | 6872036 | 5373581 2489 2885 3073 3359 3468 2159
38639 | Leptomeryx evansi 3922325 | 3884179 | 2201872 3132 2640 2270 1829 2034 2043
41472 | Leptomeryx evansi 8028260 | 6734540 | 4233171 2561 2616 2426 3662 3598 2995
41481 | Leptomeryx evansi 7088361 | 6230427 | 2776845 2753 2572 2453 3323 3304 2402
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41693 | Leptomeryx evansi 10351211 | 8273919 | 5614410 3224 2869 2006 4062 4060 3405
41696 | Leptomeryx evansi 10409758 | 7574486 | 4172933 3436 3451 2887 3649 2856 2547
41702 | Leptomeryx evansi 5387825 | 5666801 | 285626 2918 2879 2508 2061 2028 1884
47134 | Leptomeryx evansi 12537751 3211 5251

47262 | Leptomeryx evansi 7359128 | 6742628 | 2478796 2980 2777 2099 3033 3043 2139
47266 | Leptomeryx evansi 9712620 | 7249397 | 4210234 2836 2548 2118 4059 3910 3465
47267 | Leptomeryx evansi 9863998 | 8744110 | 5731385 2923 355 4161 4556 3952 2985
47268 | Leptomeryx evansi 6376736 | 5292821 | 2890077 2785 2505 1877 2876 2674 2097
49294 | Leptomeryx evansi 9610614 | 8770909 | 4721952 3313 3306 2957 3882 3848 3230
57367 | Leptomeryx evansi 9097327 | 8503401 | 5449391 3158 3066 2023 3962 3972 2929
57630 | Leptomeryx evansi 8590076 | 8241446 | 5663904 3022 2606 2311 3744 4053 3422
57636 | Leptomeryx evansi 8693168 | 7663213 | 4622602 2968 2769 2641 3593 3612 3297




Appendix E. Mesowear Scores

UCM #

Species

Mesowear Score

36020

Hypertragulus calcaratus

36022

Hypertragulus calcaratus

36026

Hypertragulus calcaratus

36028

Hypertragulus calcaratus

36029

Hypertragulus calcaratus

36036

Hypertragulus calcaratus

36038

Hypertragulus calcaratus

36040

Hypertragulus calcaratus

36041

Hypertragulus calcaratus

36042

Hypertragulus calcaratus

36062

Hypertragulus calcaratus

36067

Hypertragulus calcaratus

36080

Hypertragulus calcaratus

38525

Hypertragulus calcaratus

38648

Hypertragulus calcaratus

38652

Hypertragulus calcaratus

38654

Hypertragulus calcaratus

38655

Hypertragulus calcaratus
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38656

Hypertragulus calcaratus

38660

Hypertragulus calcaratus

41493

Hypertragulus calcaratus

41495

Hypertragulus calcaratus

41497

Hypertragulus calcaratus

41499

Hypertragulus calcaratus

41712

Hypertragulus calcaratus

47255

Hypertragulus calcaratus

49301

Hypertragulus calcaratus

35885

Hypisodus minimus

35886

Hypisodus minimus

35888

Hypisodus minimus

35889

Hypisodus minimus

35890

Hypisodus minimus

35893

Hypisodus minimus

35898

Hypisodus minimus

35901

Hypisodus minimus

35902

Hypisodus minimus

41510

Hypisodus minimus

41511

Hypisodus minimus
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41722

Hypisodus minimus

41724

Hypisodus minimus

47249

Hypisodus minimus

47252

Hypisodus minimus

47983

Hypisodus minimus

49305

Hypisodus minimus

57614

Hypisodus minimus

35909

Leptomeryx evansi

35914

Leptomeryx evansi

35915

Leptomeryx evansi

35916

Leptomeryx evansi

35917

Leptomeryx evansi

35919

Leptomeryx evansi

35920

Leptomeryx evansi

35924

Leptomeryx evansi

35938

Leptomeryx evansi

35939

Leptomeryx evansi

38639

Leptomeryx evansi

41472

Leptomeryx evansi

41481

Leptomeryx evansi
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41693

Leptomeryx evansi

41696

Leptomeryx evansi

41702

Leptomeryx evansi

47134

Leptomeryx evansi

47262

Leptomeryx evansi

47266

Leptomeryx evansi

47267

Leptomeryx evansi

47268

Leptomeryx evansi

49294

Leptomeryx evansi

57367

Leptomeryx evansi

57630

Leptomeryx evansi

57636

Leptomeryx evansi
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