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late Clarkforkian (Cf-3), in the Wasatchian this niche 
was occupied by hyopsodontid condylarths, followed 
by equid perissodactyls and dichobunid artiodactyls 
(Gunnell 1998). Similarly, viverravids, oxyaenids, 
hyaenodontids, and mesonychids were the major carni-
vores in the late Clarkforkian versus a rising importance 
of miacids, viverravids, and some hyaenodontids (Wa-3) 
in the Wasatchian.

Morlo & Gunnell (2003) indicate that Bridgerian 
limnocyonine hyaenodontids were weasel-like hypercar-
nivores, so it is possible that Prolimnocyon (Wa-0–Br-1a) 
was similarly adapted. Hyaenodontines (Prototomus, 

Arfia, Acarictis) may have been scavengers, as also sug-
gested for Viverravus. MacLeod & Rose (1993) suggest 
that Cantius (Wa-0–Br-1b) and Vulpavus (Wa-0–Br-2) 
were scansorial, that Hyracotherium (Wa-0–Ui-1) was 
a cursorial herbivore, and that Pachyaena (Wa-0–Br-2; 
Mesonychidae) was a cursorial carnivore.

Wa-0 is associated with a major increase in MAT 
to about 20oC that lasted only a few thousand years. 
The approximately concurrent immigration episode 
apparently included the dwarfing of certain lineages 
(Ectocion, Copecion, Hyracotherium [Gingerich 2003], 
Prodiacodon, Macrocranion, Leptacodon, Wyonycteris, 

Figure 13.  Chart of the temporal distribution and generic diversity of family and subfamily groups of 

primate and primate-like taxa from Ti-3–Ui-3. After Appendix, Table 1.
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Niptomomys [Strait 2004], and Uintacyon [Heinrich et 
al. 2008]). Clyde & Gingerich (1998) also suggest that 
major faunal renovations at this time resulted from 
immigrants with adaptations for herbivore, carnivore, 
omnivore, insectivore, and frugivore niches, whereas 
in the Clarkforkian omnivores and insectivores were 
dominant (Fig. 9). Dwarfing is attributed to climatic 
modification, but the ecologic niche specializations are 
associated with the effects of immigration. According 
to Clyde & Gingerich (1998), herbivores and frugivores 
became dominant within the Wasatchian after Wa-0 on 
an individual basis, but all categories are abundant in 
Wasatchian strata relative to those of the Clarkforkian.

The earliest Eocene warming (PETM) is considered 

to have abetted intra- and intercontinental dispersal of 
plants and land mammals (Rose 1981; Tiffney 1994, 
2000; Gingerich 2003). Tiffney (1994) characterized the 
high-latitude flora as consisting of warm temperate–to 
subtropical-adapted taxa that survived a mean coldest 
month temperature of about 10oC. As indicated above, 
the Thyra Ø flora of northwest Greenland indicates a 
MAT of about 15oC.

The discussion above illustrates the strong role 
played by immigration in affecting Wa-0 faunal dynam-
ics, the impetus of which seems to have carried over into 
subsequent biochrons of the Wasatchian. Wa-1 shows a 
strong rise in numbers of taxa (95: Appendix, Table 2, 
Fig. 6) and a strong number of FADs (27% of the total 

Figure 14. Chart of the temporal distribution and generic diversity of family and subfamily groups of 

small herbivorous mammals from Ti-3–Ui-3. After Appendix, Table 1.
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fauna) versus very few LADs (3%: Percent LADs, Appen-
dix, Table 2), with no immigrants (Appendix, Table 3). 
Appendix, Tables 2 and 5 show that Wa-0 immigrations 
account for about 43% of the FADs in that biochron, in 
contrast to the situation in Wa-1 (no immigrants and 
a somewhat larger number of FADs). Apparently the 
immigration stimulus of Wa-0, coeval with an increase 
in temperature, resulted in vigorous speciation in Wa-1 
that accounts for the greatest single numerical increase 
of any biochron considered herein (Fig. 6). It is addition-
ally remarkable that this increase in taxa took place over 
a span of about 0.2 Ma (Appendix, Table 5). In contrast, 
comparable but smaller increases in taxa (Fig. 6) took 
place within intervals of about 5.1 m.y. (Wa-4–Br-1a) or 

about 8 m.y. (Br-3–Ui-3).
Immigration stimulus thus contributed in Wa-1 

(see Appendix, Table 3 for complete list) to an increase in 
the diversity of insectivorous-omnivorous taxa (Fig. 11), 
including didelphid (herpetotheriine) marsupials (Her-
petotherium), leptictidans (Palaeictops), palaeoryctid 
(Eoryctes), wyolestid (Wyolestes) and didelphodontan 
(Didelphodus) cimolestans, pentacodontine pantoles-
tans (Amaramnis), erinaceid (Dartonius, Auroralestes) 
and creotarsid (Creotarsus) erinaceomorphs, as well as 
geolabibid (Centetodon, Batodonoides) and nyctitheriid 
(Plagioctenoides) soricomorphs. New small herbivores 
are represented by microparamyine rodents (Lophipara-
mys, Apatosciuravus: Fig. 10). Arboreal groups include 

Figure 15. Chart of the temporal distribution and generic diversity of family and subfamily groups of 

large herbivorous mammals and selenodont artiodactyls from Ti-3–Ui-3. After Appendix, Table 1.
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Figure 16. Rarefaction analysis of species diversity in Eocene and early Oligocene intervals in North 

America. The number of species (Y axis) is compared with the number of specimens from each 

interval (X axis). Early Wasatchian (Wa1–5, squares), latest Wasatchian and earliest Bridgerian 

(Wa-7–Br-1a, circles), medial Bridgerian (Br–2, gray polygons), Uintan and Duchesnean (Ui-2–

Du, diamonds), and Chadronian and Orellan (Ch–Or, triangles). Specimen counts are based on 

individual fossiliferous horizons and are not generalized from stratigraphic intervals. Note the 

high levels of species diversity during the early part of the EECO that dramatically drop during the 

medial Bridgerian after the optimum. The figure suggests that the alpha species diversity for Wa-7–

Br-1a is more than 1.5 times greater than during Br-2, indicating a drop in alpha diversity after the 

early EECO that is reflective of high levels of both point diversity and continental diversity during 

that time. Data derived from Denver Museum of Nature & Science collections for Br-2 and from 

Stucky (1992) for the other intervals.
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anaptomorphine euprimates (Fig. 13). New large herbi-
vores (Fig. 15) are isectolophid perissodactyls and new 
carnivores (Fig. 12) include hyaenodontine creodonts 
(Galecyon, Tritemnodon) and miacids (Vassacyon, 
Oodectes).

This new standing crop population (Appendix, 
Table 4) lost only didelphid marsupials (Esteslestes), 
creotarsine erinaceoids (Creotarsus), and the last 
plesiadapid primates (Plesiadapis), apparently from 
intrapopulational competition. Fig. 1 suggests that 
these taxa were living under still subtropical conditions 
(crocodilians are present: Wilf 2000) but some seasonal 
drying, with MAT at about 18oC and MAP of about 110cm/
yr (black dot just above the PETM on Fig. 1).

In summary, immigration stimulus during Wa-0 
resulted in the strongest increase in new taxa up until 
that time in the Paleogene record of fossil mammals 
in North America. The speciation derived from this 
innovation not only resulted in dwarfing on the one 
hand (apparently abetted in part by climate), but also 
as a response to the diversity of herbivore, carnivore, 
omnivore, insectivore, and frugivore niches exploited by 
the immigrants. It seems inescapable that this diversity 
fueled the 25% increase in Wa-1 genera relative to those 
of Wa-0.

Synchronous Dispersal at the PETM
The global scale of the PETM suggests that the 

Wa-0 immigration episode was virtually synchronous 
across North America, at least. Wing et al. (2005), Wing 
& Lovelock (2007), and Smith et al. (2007) record strong 
floral change in the Bighorn Basin during the PETM in 
terms of a brief virtual disappearance of conifers. Still, 
the earliest Wasatchian saw a decrease in floral diversity 
as compared with the Clarkforkian (Fig. 5). The Wa-0 
immigrations transpired during a very short interval of 
time, regardless of floral facies in the Western Interior of 
the United States.

Effective Stasis in the Medial Wasatchian
Much of the remaining earlier Wasatchian (Wa-2–

Wa-5) was relatively unremarkable. The number of taxa 
(Fig. 6) shows a gradual retreat to 91 genera (Appendix, 

Table 2), possibly a reflection of more seasonally arid 
climates (Figs. 1, 6–8). There are no immigrants (Appen-
dix, Table 3), and the basic mammalian population is 
stable, undergoing what appear to be internal adaptive 
adjustments. Chew (2005) reports an increase in species 
diversity during this interval contemporaneous with an 
apparent rise in temperature (also see Secord et al. 2008 
for a discussion of early Wasatchian paleohabitats). The 
number of FADs and LADs gradually increase through the 
interval from a low of 1% and 5% in Wa-2 to a high of 10% 
and 11%, respectively, in Wa-5. Rodents, pholidotans, and 
various suprageneric groups of primates and euprimates 
make steady gains. Wa-3 records the last occurrence 
(Appendix, Table 4) of taeniolabidoid multituberculates 
(Neoliotomus), apternodontid soricomorphs (Parapter-
nodus, Koniaryctes), and micromomyid primates 
(Tinimomys, Chalicomomys) (Fig. 13). Wa-4, which 
begins at Biohorizon A of Schankler (1980), records 
the first omomyine primate (Steinius), a new nothar-
ctine primate (Copelemur), and includes a number of 
species-level changes as well (Chew 2009). In addition, 
wyolestine (Wyolestes) and palaeoryctid (Palaeoryctes) 
cimolestans, erinaceoids (Dartonius, Auroralestes), a 
nyctitheriid soricoid (Plagioctenoides), a plagiomenid 
dermopteran (Plagiomene), and an anaptomorphine 
euprimate (Pseudotetonius) drop out in Wa-4 (Appen-
dix, Table 4). Wa-5 records the first picromomyid (Fig. 
13) primates (Picromomys), and Wa-5 LADS (Appendix, 
Table 4) include Mimoperadectes, Ottoryctes, Talpa-
voides, Leipsanolestes, Wyonycteris, Niptomomys, 
Picromomys, Teilhardina, Arapahovius, and Tetonius. 
Clyde et al. (2007) noted that the base of Wa-5 may cor-
respond in time with the short-lived Elmo hyperthermal 
(Lourens et al. 2005) but that its signature was not 
recognized in the Bighorn Basin.

Hooker (2000) documented a slow rise in her-
bivory and arboreality during the interval, a plateau in 
insectivory, a drop in scansoriality, and a sharper rise 
in terrestriality during the interval (Fig. 9). Gunnell 
(1998) indicated that the main herbivores still were the 
hyopsodontid condylarths, followed by equid perissodac-
tyls and dichobunid artiodactyls. Figs. 14 and 15 show 
a steady diversity in phenacodontid condylarths and in 
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isectolophid and helaletid perissodactyls as well. In Wa-3, 
the hyaenodontids comprised the main carnivores, sup-
planted in Wa 4–6 by miacids and viverravids, according 
to Gunnell (1998). Hyaenodontids were, however, larger 
in body size and likely preyed on the larger herbivorous 
mammalian taxa. Fig. 12 shows that miacids were the 
most diverse carnivores in this interval. In addition to the 
other groups analyzed (above), MacLeod & Rose (1993) 
add Alocodontulum (Wa-5–6; Pholidota, Epoicotheri-
idae) as having a fossorial adaptation.

Fig. 1 suggests that the climate during this interval 
remained seasonally arid, with MAT retreating to about 
15oC and MAP at about 100 cm/yr in the Green River Basin 
area. This may be consistent with the overall decrease in 
taxa in the medial Wasatchian and relatively balanced 
numbers of FADs and LADs, but it is difficult to attribute 
an obvious role to climate, the 11oC MAT for Wa-4 in the 
Bighorn Basin notwithstanding (Wing 1998).

Fossil Mammals and the Early 
Eocene Climatic Optimum (EECO)

Late Wasatchian Beginning
The EECO began about 53 Ma with a substantial 

increase in oceanic temperature and continued to about 
50 Ma. The equivalent of the mammalian record began 
with Wa-6 (Figs. 6–9) and continued to the end of the 
Bridgerian NALMA. Wilf (2000) indicates that the Latham 
flora (Fig. 1) records a MAT of 17oC and a MAP about 
113cm/yr: mild, humid conditions in the Green River 
Basin. This is followed by the Sourdough Flora (Fig. 1), 
with a MAT of 21oC and a MAP 140cm/yr. As reviewed 
above, Wing (1998) documents the greatly increased 
floral diversity in Wa-7 as compared with earlier inter-
vals (Fig. 5) in the Bighorn Basin.

Wa-6 shows the beginning of the numerical 
increases in the fauna (92 taxa). Although there are no 
immigrants (with the possible exception of Heptodon, 
not highlighted in Appendix, Table 3), the interval 
records (Fig. 10) the first eutypomyid (Mattimys) and 
other rodents (Uriscus, Uintaparamys, Pauromys), 
new omomyine (Loveina, Jemezius) and anaptomor-
phine (Tatmanius) euprimates (Fig. 13), as well as new 

pholidotans (Fig. 12: Pentapassalus, Dipassalus). Wa-6 
faunas from the Wind River Basin are dominated by 
the equid Hyracotherium (including various genera 
discussed by Froelich 2002).

The higher number of FADs in Wa-6 than in Wa-5 
apparently reflects an increased speciation rate that is 
manifested, at least, in the total increase of taxa over 
those of Wa-5 (Fig. 6: Appendix, Tables 2 and 5), in spite 
of a proportionately greater percentage of LADs than FADs 
in Wa-6. In that context, Wa-6 records the extinction of 
ambloctonine oxyaenids (Palaeonictis), diacodontine 
erinaceomorphs (Diacodon), and apheliscine (Aphelis-
cus) and hyopsodontine (Haplomylus) condylarths, 
as well as the reduction of hyaenodontine (Arfia) and 
oxyaenid (Dipsalidictis, Palaeonictis) creodonts and 
mesonychids (Dissacus: Fig. 12: Appendix, Table 4).

The contemporaneous Latham flora records a 
major influx of tropically adapted plants, indicating 
mild, humid conditions (Wilf 2000) as compared to 
earlier, seasonal, and more arid climates in the Green 
River Basin. As compared to Wa-2–Wa-5, the increase in 
total numbers of mammalian genera in Wa-6 relative to 
Wa-5 most likely reflects this climatic change regionally 
within the Western Interior. In the prior interval, not 
only did LADs exceed FADs but total numbers decreased 
(Fig. 6) in concert with the presence of seasonally more 
arid climates (Figs. 1, 7 and 8).

Wa-7 continues the increase in mammalian taxa 
(to 98) begun in Wa-6 and shows a high percentage of 
both FADs and LADs (22% and 24%: Appendix, Table 2), 
a strong advance over the levels in Wa-6 (Fig. 7). Lamb-
dotherium is the only immigrant (Appendix, Table 3). 
Continuing members of the core fauna include insectiv-
orous-omnivorous didelphid marsupials and geolabidid 
insectivorans (Figs. 10 and 11), the arboreal microsyopid 
and picromomyid, and paromomyid primates, as well as 
the notharctid, omomyid, and anaptomorphine eupri-
mates (Fig. 13), the arboreal microsyopids (Fig. 13), and 
the small herbivore paramyine, sciuravine, and eutypo-
myid rodents (Fig. 10). Elwynella is a new paromomyid 
primate. Anacodon is present in Wa-7 (first appearing 
in Wa-5) and, along with homacodontine artiodactyls 
(Br-1a), can be common locally (Fig. 14). Among 
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homacodontines, Hexacodus is relatively abundant in 
southern Wyoming, but rare in central Wyoming (Gazin 
1962; Stucky, pers. observation). Meniscotherium also 
shows a similar pattern of distribution, being much more 
common in southern Wyoming (Gazin 1962) and New 
Mexico. Large herbivores include uintatheriids, equid, 
helaletid, and brontotheriid perissodactyls (Fig. 15), 
whereas carnivorans include hyaenodontines, miacids, 
and mesonychids (Fig. 12).

New additions in Wa-7 are (Appendix, Table 3):
Insectivorous-omnivorous
	 Peradectid marsupials (Armintodelphys), erina-

ceids (Entomolestes), geolabidid soricomorphs 
(Marsholestes), nyctitheriid soricomorphs 
(Nyctitherium)

Arboreal (euprimates)
	 Notharctids (Notharctus), and omomyine 

(Shoshonius, Hemiacodon), and anaptomor-
phine (Strigorhysis, Trogolemur, Artimonius) 
omomyids

Small herbivores
	 Sciuravid (Tillomys) and cylindrodontid 

(Dawsonomys, Anomoemys), myomorph, and 
ischyromyid sciuromorph (Strathcona) rodents, 
and homacodontine artiodactyls (Antiacodon)

Terrestrial diggers
	 Tillotheriid tillodonts (Megalesthonyx) and 

stylinodontid taeniodonts (Stylinodon)
Large herbivores
	 Uintatheriid dinoceratans (Bathyopsis), 

equid (Orohippus), and other perissodactyls 
(Lambdotherium)

Carnivores
	 Limnocyonine hyaenodontids (Machaeroides)

Within the above, new suprageneric groups include 
the cylindrodontid rodents, tupaiodontinae erinaceids, 
homacodontine artiodactyls, and lambdotheriines. 
Hyopsodus again becomes the dominant mammal in 
terms of abundance, representing more than 20% of all 
specimens at most localities of Wa-7 age.

LADs in Wa-7 (Appendix, Table 4) are leptic-
tid epitherians (Prodiacodon), microparamyine 
sciuromorphs (Uriscus), cylindrodontid myomorphs 

(Dawsonomys), pentacodontine pantolestans (Ama-
ramnis), epoicotheriid pholidotans (Palaeanodon), 
stylinodontid taeniodonts (Ectoganus), esthony-
chid tillodonts (Megalesthonyx), oxyaenid 
creodonts (Oxyaena), miacid carnivores (Vassacyon), 
nyctitheriid soricoids (Plagioctenodon, Leptacodon), 
notharctid (Pelycodus), and omomyine (Loveina) 
and anaptomorphine (Chlororhysis, Absarokius) 
euprimates, uintatheriid dinoceratans (Prodinoceras), 
oxyclaenine (Chriacus), and arctocyonid (Anacodon) 
procreodans, phenacodontid condylarths (Copecion, 
Meniscotherium), perissodactyls (Lambdotherium), 
and isectolophid tapiroids (Homogalax, Cardiolophus).

Wa-7 (equivalent to the Lostcabinian NALMA 
subage) is typified by faunal reorganization. Chief inno-
vations appear to be an increased diversity of rodents, 
with the Cylindrodontidae being new (Fig. 10, but see 
Dawson & Beard 2007), the new Tupaiodontinae (Ento-
molestes), and increased diversity in the artiodactyls and 
perissodactyls. Fig. 1 (Sourdough) indicates that Lost-
cabinian Wa-7 faunas lived under wet and subtropical 
conditions (MAT 22oC and MAP 150cm/yr). According to 
Wilf (2000), the Wa-7 Sourdough flora demonstrates an 
87% species turnover relative to those of the Paleocene 
and that the forests were more diverse than at any time 
earlier in the Eocene and late Paleocene in the Green 
River Basin. Wing (1998) demonstrates a comparable 
pattern for the Bighorn Basin. This increased niche diver-
sity, reflected by an 87% turnover in plant species relative 
to those of the Paleocene, apparently influenced compe-
tition among mammals. This is shown by the numerical 
increase in generic diversity from Wa-6 (Fig. 6) as well 
as the losses summarized above and portrayed in Figs. 7 
and 8. Similar to Wa-6, the fauna of Wa-7 increased in 
total numbers of taxa in spite of a significant percentage 
of LADs. Both faunas were living under floral settings 
reflective of warm, tropical conditions.

The Bridgerian Expansion
The Little Mountain Flora of the Green River For-

mation (Fig. 1) is of early Bridgerian age (late Br-1a, ca. 
50 Ma: Wilf 2000). The MAT is about 19.6oC and MAP 
about 75.8cm/yr in a still subtropical warm climate that 
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is somewhat cooler and with more seasonal rainfall than 
previously. Occasional ferns, horsetails, and hornwort 
indicate shallow to ephemeral freshwater habitats in 
tropical to subtropical settings. The Little Mountain Flora 
reflects an early phase of the strong decrease in climate 
(MAT to 15oC, and MAP to 70–80cm/yr) and increase in 
seasonality that developed in the later part of the EECO.

Regardless of the somewhat less tropical condi-
tions, the Bridgerian NALMA began with a major episode 
of new evolutionary diversification and a small number 
of deletions (13% LADs: Appendix, Table 2). The result 
is a very high number of genera in Br-1a (104: Fig. 6), 
and FADs (29%) far outnumber LADs (13%) in a major 
expansion of the fauna. There were no major supra-
generic group extinctions. The number of FADs (30) is 
the largest of any biochron from Ti-3–Br-3 (Appendix, 
Table 2). Although some losses are entertained within 
Br-1a (see below), the main pattern for this biochron 
is origination and diversity development under a wet 
paratropical climate. FADs are (Appendix, Table 3):
Insectivorous-omnivorous
	 Pantolestine pantolestans (Pantolestes) and 

sespedectine erinaceoids (Crypholestes)
Arboreal
	 Picromomyid primates (Alveojunctus) and 

notharctine euprimates (Smilodectes), omomyine 
(Washakius, Utahia, Uintanius, Omomys) 
and anaptomorphine (Aycrossia, and in Br-1b, 
Anaptomorphus, Gazinius) omomyid euprimates

Small herbivores
	 Paramyine ischyromyids (Quadratomus, 

Pseudotomus); sciuravid myomorphs (Taximys, 
Mysops), eutypomyine myomorphs (Armintomys)

Fossorial
	 Epoicotheriid (Tetrapassalus) and metacheiro-

myid (Metacheiromys, Brachianodon) 
pholidotans

Large herbivores
	 Brontotheriid (Palaeosyops), hyracodontid 

(Hyrachyus), and helaletid perissodactyls 
(Helaletes), tillodonts (Trogosus), and helohyid 
artiodactyls (Helohyus, Br-1b)

Small herbivores

	 Homacodontine dichobunid (Microsus) and 
helaletid perissodactyls (Selenaletes)

Carnivores
	 Limnocyonine (Iridodon, Thinocyon [Br-1b], 

Limnocyon [Br-1b], hyaenodontine (Sinopa) and 
oxyaenine (Patriofelis, Malfelis) creodonts, and 
the mesonychian (Mesonyx)
None of the above are immigrants, contra Wood-

burne (2004: fig. 8.5), with the possible exception of 
Hyrachyus (known from Asia and Europe, but direction 
of dispersal is not clear). For the moment, it is not listed 
in Appendix, Table 3.

New suprageneric groups that apparently evolved 
endemically are the Jaywilsonomyinae (Fig. 10: Mysops), 
elements of the Metacheiromyidae (Metacheiromys, 
Brachianodon: Fig. 12), helohyid (Helohyus) and 
homacodontine dichobunid (Microsus) artiodactyls 
(Fig. 14).

Until the Bridgerian, anaptomorphine euprimates 
had been the dominant subfamily of the family Omomy-
idae (Fig. 13). They first appeared in Wa-0, diversified 
by Wa-1, continued strongly through the Bridgerian, and 
began to diminish in the Uintan. Omomyine euprimates 
first appeared in Wa-4, were as diverse as the anaptomo-
rphines, but became more abundant by Br-1a (Fig. 13), 
when they began a major proliferation that continued 
into the Uintan (e.g., Beard et al. 1992; Gunnell 1997).

Morlo & Gunnell (2003) indicated that the Bridge-
rian witnessed a major radiation of hypercarnivores that 
includes the following adaptive groups, many of which 
first occur in Br-1a but which also are part of a persistent 
carnivore contingent with elements having originated in 
prior times:
Small, hypercarnivorous limnocyonine hyaenodontid 

(weasel-like) creodonts (Iridodon, Br-1a; Thino-
cyon, Br-1b–Br-3; and Limnocyon, Br-1b–Ui-1)

Medium-sized hypocarnivorous, semi-aquatic pantoles-
tids (Pantolestes, Br-1a–Duchesnean)

Hypercarnivorous, cursorial oxyaenids (Patriofelis, 
Br-1a–Br-3)

Cursorial, carnivorous hyaenodontids (Sinopa, Br-
1a–Br-3; possible immigrant?)

Scansorial forms that include hyaenodontids 
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(Tritemnodon, Wa-1–Br-2; Machaeroides, Wa-7–
Br-2), and viverravids (Viverravus, Ti-5–Br-3)

Small-sized to larger-sized arboreal and carnivorous 
miacids (Miacis, Cf-1–Ui-3); Vulpavus, Wa-0–
Br-2; Palaearctonyx, Br-2; Öodectes, Wa-1–Br-2)

Small terrestrial carnivores (Uintacyon, Cf-1–Ui-3)
Large hypercarnivorous oxyaenids (Malfelis, Br-1a)
Larger bone-crushing forms (the mesonychids, 

Mesonyx, Br-1a–Ui-3 and Harpagolestes, 
Br-2–Duchesnean)
Heinrich et al. (2008) proposed that Uintacyon 

emphasized shearing (herein suggested as hypercar-
nivorous) and that Vassacyon emphasized crushing 
and grinding.

Concurrently with this carnivore radiation, the 
EECO witnessed a major expansion of Rodentia (eight to 
ten new genera beginning in Wa-7), distributed among 
the Microparamyinae, Paramyinae, and Sciuravidae.

In addition to these, the well-known diversification 
and eventual dominance of omomyine over anapto-
morphine euprimates took place in the Bridgerian, 
accompanied by the addition of homacodontine artio-
dactyls and the origin (Wa-7 and Bridgerian) of four 
subfamilies of brontotheriid perissodactyls.

The greatly increased diversity also is seen in rare-
faction analysis (Foote 1992) as applied (Stucky 1992) to 
various Eocene to Oligocene faunas from western North 
America. Fig. 16 is based on Stucky (1992), with the 
addition of 18 new localities of Br-2. The result indicates 
that faunas from the Wa-7–Br-1a interval approxi-
mately doubled in diversity as compared with those of 
Wa-1–Wa-5 (Wa-6 samples not included, as insufficient 
for analysis). Diversity subsequently was dramatically 
reduced during Br-2 by approximately 40% for sample 
sizes of greater than 50 specimens (the basic unit of 
comparison throughout). The early EECO diversity 
increase and its later 40% decline was coincident with 
climatic and floral patterns discussed herein. One aspect 
of faunal instability apparently influenced by climatic 
decline is the fact that Hyopsodus is the most abundant 
mammal in Br-2 faunas.

Hooker (2000) suggested (Fig. 9) that the early 
part of the EECO (Wa-6–Br1a) was marked by a high 

level of insectivory, scansoriality, and arboreality. Minor 
decreases are recognized in microsyopid primates, phe-
nacodontid condylarths, and isectolophine tapiroids. 
Pholidotans lose four of six genera, and anaptomorphine 
euprimates lose four of eight. These losses were associated 
with the extinction (in Wa-7) of arctocyonid condylarths.

Interestingly, the early part of the EECO was 
marked by a drop in terrestriality before its emergence 
later. The likely correspondence between this pattern and 
that of early tropicality versus later seasonal aridity, and 
potentially more open habitats, needs to be evaluated 
through analysis of floras and the environments inferred 
from paleosols.

In summary, the early part of the EECO, of which 
the taxa in Br-1a played a major part, was a period of 
substantial innovation, with more FADs from Wa-6–
Br-1a (63: Appendix, Table 5) than in any time where 
three successive biochrons are considered together, 
except for Ui-1–Ui-3. As shown in Appendix, Table 5, the 
interval Cf-3–Wa-1 records a total of 50 FADs. Whereas 
both intervals were associated with an increase in rela-
tive tropicality (greatest for the early part of the EECO), 
the Cf-3–Wa-1 interval was not associated with a marked 
increase in floral diversity, in strong contrast to the EECO. 
This habitat difference likely was reflected in the greater 
FAD expansion in Br-1a than was the case for Wa-0, and 
a significant aspect of this may have been the pattern of 
taxon origination in areas marginal to the depositional 
basin (Gunnell & Bartels 2004) or in areas marginal to 
the Green River lake systems.

Whereas Wa-0 recorded dwarfing of some taxa as 
a result of climatic change and subsequent emphasis on 
somewhat greater body size to Wa-5 (Gingerich 2003) as 
well as niche expansion into increased diversity (Clyde 
& Gingerich 1998), the strong diversity development in 
Br-1a still is apparent. Some Br-1a localities show a body 
size profile reminiscent of patterns seen in Wa-0 but 
have not been thoroughly documented as yet (Stucky, 
unpublished data). Importantly, body size increases 
among almost all medium- to large body-sized taxa in 
most mammalian lineages that range from Br-1a–Br-1b 
and Br-2.

In addition, the number of LADs associated with 
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the FADs in Wa-6–Br-1a (Appendix, Table 5) provides a 
very sharp distinction relative to the Cf-3–Wa-1 interval, 
and it is tempting to suggest a role played here again 
by the much greater tropicality of climate and floral 
diversity associated with the early part of the EECO. The 
high species diversity and even (non-skewed) relative 
abundance curves, especially during Br-1a (Stucky 1992; 
Fig. 16), are quite similar to those from tropical mam-
malian communities today (Bourliere 1973; Eisenberg 
et al. 1979; Andrews et al. 1979; Flemming 1973). While 
each interval experienced an increase in relative tropi-
cality, the record for the early part of the EECO suggests 
a much higher impact on the mammal biota, appar-
ently reflected by both opportunities and stress supplied 
by the prevailing climatic, ecologic, and local tectonic 
influences.

The Bridgerian Crash
The later part of the EECO demonstrates a different 

pattern than the early part of this interval, apparently 
reflecting the continuing deterioration of the climate. 
Appendix, Table 5 shows that whereas the number of 
FADs in Br-1b–Br-3 is small (28), the number of LADs 
remains substantial (62), and total numbers of genera 
drop significantly (96 to 84; about 12%) from Br-1a–Br-3.

The interval from Br-1b–Br-3 reflects a major 
reorganization of the mammalian fauna. FADs in Br-1b 
are only 6%, and LADs comprise 16% of the fauna, which 
now reaches 96 taxa (Appendix, Table 2). There are no 
immigrants or new suprageneric groups in Br-1b and 
only Telmatherium in Br-2. Hyopsodus increased to 61% 
of the fauna in Br-2 as a measure of the imbalance in the 
stressed biota (Stucky et al. 2006), which shows a con-
comitantly large number of rare taxa. New suprageneric 
groups in Br-3 consist of eomyine rodents (Adjidaumo, 
Protadjidaumo, Paradjidaumo) and amynodontine 
rhinos (Amynodon), which apparently take advan-
tage of the more open habitats, as does the uintathere 
Tetheopsis. Of these, the rhinocerotoid Amynodon is an 
immigrant (Appendix, Table 3). These new additions 
augment the herbivore components. Other FADS are 
omomyine (Macrotarsius, Ageitodendron) and anapto-
morphine (Sphacorhysis) euprimates. Whereas singular 

hyperthermal episodes (PETM) may have facilitated 
immigrations in the past, mesothermal conditions in the 
Western Interior of North America imply suitably warm, 
high latitude dispersal routes, even during the later part 
of the EECO.

In contrast to the relatively small number of 
FADs, taxonomic loss during the interval Br-1b–Br-3 
is substantial (Figs. 7 and 8: Appendix, Table 4). The 
conclusion seems inescapable: that extinctions were pro-
moted by the development of seasonally arid and cooler 
conditions. The coryphodontid (and thus all) pantodonts 
and long-lived oxyclaenid condylarths became extinct in 
Br-1b (Appendix, Table 4). Table 4 indicates that the Br-1b 
reductions and extinctions affected small insectivores, 
scansorial carnivores, and small and large herbivores.

The herbivorous Tillodontia last occur in Br-2 
(Appendix, Table 4). In Br-3, adaptive groups that became 
extinct or diminished include fossorial metacheiromyid 
pholidotans, cursorial to scansorial carnivores (oxyae-
nids, some miacids, some viverravids), and herbivores 
(phenacodontid and homacodontine condylarths), as 
well as scansorial to arboreal rodents and primates. 
During this time of both faunal and climate deteriora-
tion, Hyopsodus increased to a total of 61% of the fauna 
in Br-2. Apparently Hyopsodus was able to exploit an 
element of the ecological resource during Br-2 that 
was either unavailable to, or vacated by, other taxa. It 
also is possible that the abundance of Hyopsodus in 
Br-2 faunas may be a localized phenomenon due to the 
strong representation of these faunas in the regionally 
predominant Bridger Formation localities. These locali-
ties may represent a biofacies related to the lacustrine 
nearshore depositional setting of the Bridger Formation 
as it intertongues with the lacustrine Green River Forma-
tion in the Green River Basin.

Adaptive groups that became diminished begin-
ning with Br-1b (Appendix, Table 1) comprise the 
smaller omnivores to herbivores, including dichobunid 
artiodactyls and helaletid perissodactyls. Losses in 
larger herbivore groups pertain to brontotheriid, equid, 
hyracodontid, isectolophid, and helaletid perissodactyls. 
Carnivores showed declines in hyaenodontine, limno-
cyonine, and oxyaenid creodonts, miacids, viverrids, 
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mesonychids, and oxyclaenids.
In Br-3, additional adaptive groups undergoing 

reduction include the small herbivore microparamyine 
rodents (while eomyids originate). The once dominant 
anaptomorphine and omomyine primates begin their 
substantial reduction in Br-3, and miacid carnivores 
drop two genera (40%) in this biochron. Small herbivore 
condylarths (phenacodontids) become extinct in Br-3. 
Mesonychids expand in Br-2 but drop in Br-3, and limno-
cyonine carnivorans are reduced as well.

Of the approximately 25 non-carnivore and 11 car-
nivore taxonomic groups concerned, the greatest number 
of non-carnivores (12) is lost during Br-3, mirrored by a 
similar situation (5) of carnivores. Proportionately more 
non-carnivores are lost in Br-2 (5) than carnivores (4), 
a situation even more pronounced (8 non-carnivores 
versus 2 carnivores) in Br-1b.

In summary (Appendix, Tables 1, 2, 4, 5), the large 
number and diversity of gains and then losses and reduc-
tions in the EECO (from Wa-6–Br-3) is in striking contrast 
to virtually all other mammalian biochrons from Ti-3, 
except for the Uintan. There are very few immigrants, so 
this factor has no effect on the FADs or the higher number 
of LADs found in Br-1b, Br-2, and Br-3. Speciation in 
these biochrons apparently was driven by factors other 
than the stimulus of immigration, in seeming distinct 
contrast to the situation in Wa-0, with effects persisting 
to Wa-5. The strong increase in tropicality from Wa-6–
Wa-7 and then its retreat from late Br-1a into the Uintan 
apparently was a stronger signal than the one associated 
with the PETM (as seen from the 19% decrease in the 
number of genera from Br-1a–Br-3 [from Fig. 6], and the 
greater proportion of LADs [Fig. 8], versus a 2% generic 
decrease from Wa-1–Wa-5, and fewer LADs). In the later 
part of the EECO, the large number of extinctions and 
reductions is all the more impressive from the viewpoint 
that most or all of the groups affected were apparently 
well-adapted only just previously. The climatic cooling 
from about 50 Ma onward (Fig. 1), with its progressively 
greater seasonal aridity, apparently drove many of the 
extinctions and reductions on the one hand, and must 
also have been at least in part responsible for the innova-
tions (although small in number) recorded during this 

interval. Eomyid rodents and various large herbivores 
likely adapted to the presence of more open conditions 
than had existed previously.

Hooker (2000) suggested that a singular aspect of 
EECO faunas was the presence of a large-sized herbivore 
guild (typified by large perissodactyls and uintatheres) 
with low-crowned cheek teeth and transversely organized 
shearing dentitions that were adapted to lush, tropi-
cal vegetation. Of these groups, the uintatheres persist 
through the Bridgerian and into the Uintan. Hooker 
(2000) also indicated that artiodactyls and perissodactyls 
contributed to the increase in browsing herbivores that 
mark the later part of the EECO (Br-1b–Br-3), as well as 
to the increase in terrestriality during that time.

But the much greater floral diversity associated 
with the early part of the EECO also must have provided 
a major stimulus not present in the earlier Wasatchian. 
The post-immigration faunal dynamics of the EECO were 
much more diverse and complex than the substantially 
more regular pattern (smaller generic loss, relatively 
fewer LADs) seen from Wa-1–Wa-5. Modification of 
habitats during this climatically drier interval also may 
be reflected by the progressive drop in total numbers of 
genera from Br-1a–Br-3 (Fig. 6). Part of this drop may 
be due to the sampling of different depositional environ-
ments from Wa-1–Wa-5 and from Br-1a–Br-3, but this is 
not yet clear.

Janis (2007) noted that morphological changes 
in various nominally herbivorous groups, as well as a 
major drop in P CO

2
 (Pearson & Palmer 2000), imply 

floral change during the EECO. Pearson & Palmer (2000) 
showed a strong drop in P CO

2
 at the beginning of the 

EECO, compatible with, but not predictive of, the warm 
temperatures of that time. This drop in P CO

2
 continued 

into the Uintan, with a short reversal at about 47 Ma. 
This pulse follows the beginning of the major cooling 
episode (at about 50 Ma) contemporaneous with the 
change from more tropical habitats to seasonally more 
arid conditions (Fig. 1) just after the EECO.

As summarized by Janis (2007), this change in 
climate played a role in influencing the later Eocene 
decline of perissodactyls and the correlated rise of artio-
dactyls. Eocene perissodactyls ranged from small equids 
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(from Wa-0: Appendix, Table 1) with a body mass of 
about 5–10kg to very large brontotheriids (from Wa-7: 
Appendix, Table 1) with a body mass up to several thou-
sand kilograms. Perissodactyls typically had lophodont 
and bunolophodont cheek teeth adapted to a folivorous 
diet.

Contemporary artiodactyls were smaller generally, 
with bunodont to bunoselenodont cheek teeth adapted 
to omnivory or possible folivory/frugivory. Representa-
tive artiodactyls included leptochoerids (Wa-6–Ui-3, at 
least) and helohyids (Br-1b–Ui-1). Based on their basi-
cally bunodont cheek teeth, these taxa were primarily 
unspecialized folivores/frugivores without the foregut 
fermentation capabilities that were developed by more 
derived artiodactyl groups beginning in the Uintan.

In the late medial Eocene (basically from Ui-1), a 
major change is reflected in the appearance ( Janis 2007) 
of bunoselenodont to selenodont artiodactyls: Suiformes, 
Tylopoda, Ruminantia (Appendix, Table 1). In the later 
Eocene, many perissodactyls declined, including ( Janis 
2007) equids and a variety of tapiroids (isectolophids 
and helaletids, mostly gone by Br-3: Appendix, Table 1). 
More modern perissodactyls also appeared at this time, 
including amynodontid rhinocerotoids (from Br-3). 
At least for the artiodactyls, the acquisition of a more 
selenodont (bunoselenodont) dentition likely corre-
sponded with the development of foregut fermentation 
capabilities. This suggested to Janis (2007) that the diet 
of these artiodactyls had shifted from more omnivorous 
to more folivorous. The acquisition of folivory may be 
reflected in the morphology of other groups as well, in 
that some perissodactyls, notharctine primates, rodents, 
and Hyopsodus developed progressively higher crowned 
and more lophodont to selenodont dentitions from 
Wa-6–Br-1a (Stucky, pers. observation).

While the earlier Eocene paratropical forests had 
provided a variety of plant food for small herbivores and 
omnivores (Wing 1998; Harrington 2001), the demise 
of small bunodont artiodactyls and bunodont archaic 
ungulates (“Condylarthra”: Appendix, Table 1) likely 
was related to the reduction of fruit as an available food 
source in the more seasonally arid climates that devel-
oped ( Janis 2007).

More seasonal climates are considered ( Janis 
2007) to favor plants that differentially emphasized 
leaves having less fiber than stems (i.e., deciduous 
habits). This would favor the development of mammals 
capable of selecting (and consuming) higher-quality 
(lower fiber content) food and having more advanced 
methods of fermentation in the foregut (as developed by 
artiodactyls but not perissodactyls, which typically are 
hindgut fermenters).

Contemporaneous with this change in floras and 
mammals was a strong drop in the CO

2
 content of the 

atmosphere (Pearson & Palmer 2000) and presumably in 
plants as well. Presumably, a high CO

2
 content reflected 

less seasonality and resulted in higher floral productivity, 
which eventually led to higher plant as well as mamma-
lian diversity. Prior to this time, with elevated amounts of 
atmospheric CO

2
 plants would have produced an abun-

dant but relatively low-quality food source, which would 
favor hindgut fermenters (perissodactyls) over foregut 
fermenters ( Janis 2007).

Uintan NALMA
It is not the purpose of this report to examine 

the fossil mammals of the Uintan NALMA in any detail. 
Appendix, Table 5 indicates that, like the Bridgerian, 
the Uintan experienced only minor immigrations, 
and Appendix, Tables 1 and 2 indicate that some large 
herbivores were new in Ui-1 and Ui-2, and lagomorphs 
appeared in Ui-3. The strong and nearly equal number 
of both FADs and LADs throughout the interval could be 
taken as reflecting habitat changes as climate deterio-
rated subsequent to the EECO. Certainly, the progressive 
development of more modern groups beginning in Ui-1, 
such as aplodontid rodents, leptochoerid, agriochoerid, 
oromerycid, and protoceratid artiodactyls, has been well 
known and likely reflected the development of more 
open habitats. A similar interpretation could apply to the 
development of micropternodontid soricids, hypertragu-
lid artiodactyls, and some brontotheriid perissodactyls in 
Ui-3.



33Denver Museum of Nature & Science Annals  |  No. 1, September 1, 2009

Eocene Climate Impacts Mammal Faunas

Summary
The Early Eocene Climatic Optimum spanned 

the interval from about 53–50 Ma. While the marine 
record manifested a relatively even temperature regime 
throughout the interval, the land plant record of the 
Western Interior of the United States reflected a sharp 
increase in tropicality during the first part of the inter-
val, followed by a sharper retreat to more temperate and 
seasonally arid conditions. The early part of the EECO 
(Wa-6–Br-1a) revealed a pattern superficially similar to 
that seen from the Clarkforkian to early Wasatchian. But 
the two intervals reflected different stimuli and climatic 
conditions. The increase in mammalian taxonomic 
origination during the EECO apparently was a response 
to newly and greatly diversified floral associations, 
increased habitat complexity, and the spread of more 
tropical climates into the mid- and higher latitudes. 
In contrast, the immigration-driven stimulus of the 
earlier Wasatchian (PETM–Wa-0 followed by Wa-1) was 
accomplished under warm but not as strongly tropical 
conditions (and of shorter duration) in which floras and 
habitats were substantially less diverse and complex. The 
later part of the EECO (Br-1b–Br-3) apparently reflected 
a much greater degree of habitat and climatic stress than 
seen in any portion of the Wa-1–Wa-5 interval, especially 
signaled by the proportionately greater number of LADs 
and other measures of phyletic loss. In spite of localized 
population expansions, such as seen in Hyopsodus, the 
collective loss of taxa from Br-1b–Br-3 represents the 
greatest such episode documented from the late Paleo-
cene to the medial Eocene.

Alroy et al. (2000) cautioned against assigning 
climate a direct role in fossil land mammal faunal 
changes during the Cenozoic era. The data assessed in 
this report seem to show instances (Tiffanian, medial 
Wasatchian) where climate was relatively benign and 
apparently served as the basic background upon which 
a relatively modest degree of faunal dynamism was 
developed. In those cases, both innovation (FADs) and 
extinctions/declines (LADs) were about in balance (save 
Ti-6), and both were of modest levels. In both intervals 
immigration played only a minor role or none at all. To 
the extent that climate was behaving in an opposite sense 

collectively (rising temperature and moisture in the Tif-
fanian versus the opposite in the medial Eocene), the 
basically similar patterns of mammalian faunal dynam-
ics indicate that the role of climate in those examples 
was inconsistent at best, and likely of no major influence.

The Clarkforkian and early Wasatchian (to Wa-1) 
interval witnessed an increasingly warm climatic setting, 
attaining moist, subtropical conditions by Wa-0. The 
plants were relatively diverse in the Clarkforkian, but 
this dropped strongly in the early Wasatchian. Mam-
malian generic numbers rose throughout this interval, 
with FADs and LADs being modest in scope and about in 
balance for the Clarkforkian. Immigrants are important 
taxonomically in the Clarkforkian (e.g., introduction 
of the Rodentia), and contributed about 5% of the new 
genera of the interval. If these taxa are removed from 
consideration, that would result in there being no 
dramatic increase in taxa of those times. While climate 
perhaps facilitated immigrations, Clarkforkian faunal 
increase was only modest.

The early Wasatchian (Wa-0–Wa-1) was strongly 
different in this regard. FADs grossly outnumbered LADs 
in the early Wasatchian, and generic numbers greatly 
increased as well. Early Wasatchian floras were sub-
stantially less diverse than in the Clarkforkian, however. 
Unless there is an inverse relationship between them, 
it appears that the plant record cannot account for the 
dramatic increase in mammal taxa and FADs of the 
time. Still, it is clear that immigration was of supreme 
importance in driving faunal innovation in the early 
Wasatchian and that the PETM favored the immigration 
episode recorded in Wa-0 and constrained the age of that 
episode accordingly. The faunal dynamics of the Wa-0 
can be strongly associated with a brief but very positive 
pulse in climate.

For the EECO it appears that there were no immi-
grations on the one hand, but that climatic change 
played a major role in faunal dynamics of the time on 
the other. The growth and decline of mammal faunas of 
the EECO appears to directly reflect those aspects of the 
coeval floras and the waxing and waning of climate they 
represent.

Diverse floras of tropical to subtropical aspect 
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are recorded at the beginning of the EECO, and these 
continue, along with increasing MAT, to about 23oC, 
by Wa-7. The just antecedent Sourdough flora shows a 
major turnover wherein 87% of the taxa are new. Faunas 
in Wa-6 and Wa-7 show a strong increase in genera as 
compared to Wa-5 with a comparable increase in both 
FADs and LADs, and this pattern continues into Br-1a, all 
in the early part of the EECO.

The nearly equal proportions of FADs and LADs in 
the Wa-6–Br-1a interval are in sharp contrast to the situ-
ation in the later part of the EECO (Br-1b–Br-3), where 
LADs greatly outnumber FADs and the generic diversity 
shows its greatest decline in any part of the timescale 
considered herein.

Even though the climate was still warm and sub-
tropical at the end of Br-1a, the MAT was distinctly cooler 
(20oC) and rainfall more seasonal. The Little Mountain 
flora is highly species-rich and diverse; 86% of taxa 
represent new species, and this strong floral turnover is 
indicated as well by the absence of 88% of the species 
that lived previously. The taxonomic character of the 
Little Mountain flora is very similar to that of the Green 
River, Florissant, and Wind River floras, which indicate 
comparably seasonal and even cooler conditions.

	 The floral turnover and climatic change that 
persisted in Br-1b–Br-3 is contemporaneous with the 
dramatic faunal change of the same interval. It there-
fore appears that faunal changes in both parts of the 
EECO were driven by climatic (and hence floral) change. 
Although Alroy et al. (2000) allude to the interval here 
discussed as the EECO as a potential candidate for  
climatic influence, the dramatic faunal and floral 
dynamics presented in this report make a very strong 
case in favor of climatic causes. Rather than being 
climatically “optimum,” the EECO fomented the great-
est episode of faunal turmoil of the first 15 m.y. of the 
Cenozoic era.
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Biochron % FAD Higher Taxon Family Genus

Ti-3 18 Pantolesta Pantolestidae Palaeosinopa

Pantodonta Barylambdidae Barylambda

Pantodonta Cyriaciotheriidae Cyriacotherium

Creodonta Oxyaenide Tytthaena

Carnivora Viverridae Didymictis

Lipotyphla Talpavoides

Lipotyphla Erinaceidae Litolestes

Lipotyphla Erinaceidae Cedrochoerus

Primates Micromomyidae Micromomys

Primates Plesiadapidae Chiromyoides

Condylarthra Arctocyonidae Lambertocyon

Condylarthra Hyopsodontidae Aletodon

Condylarthra Hyopsodontidae Dorraletes

Ti-4 19 Leptictida Leptictidae Xenacodon

Cimolesta Palaeoryctidae Aaptoryctes

Cimolesta Palaeoryctidae Lainoryctes

Ferae Cimolestidae Protentomodon

Pholidota Epoicotheriidae Amelotabes

Taeniodonta Stylinodontidae Ectoganus

Pantodonta Barylambdidae Haplolambda

Pantodonta Barylambdidae Ignatiolambda

Carnivora Viverridae Viverravus

Lipotyphla Erinaceidae Leipsanolestes

Primates Paromomyidae Phenacolemur

Primates Carpolestidae Carpolestes

Primates Carpolestidae Carpomegodon

Condylarthra Hyopsodontidae Phenacodaptes

Ti-5 10 Multituberculata Eucosmodontidae Neoliotomus

Creodonta Oxyaenidae Dipsalodon

Soricomorpha Nyctitheriidae Plagioctenodon

Pholidota Metacheiromyidae Mylanodon

Pholidota Metacheiromyidae Propalaeanodon

Condylarthra Oxyclaenidae Princetonia

Arctostylopida Arctostylops

Ti-6 11 Creodonta Oxyaenidae Dipsalidictis

Primates Microsyopidae Arctodontomys

Table 3. Summary of North American Ti-3–Ui-3 mammalian FADs. Immigrants are indicated in boldface.
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Primates Micromomyidae Tinimomys

Dermoptera Plagiomenidae Planetetherium

Dinocerata Uintatheriidae Prodinoceras

Dinocerata Hyopsodontidae Apheliscus

Cf-1 13 Rodentia Ischyromyidae Acritoparamys

Tillodontia Tillotheriidae Azygonyx

Pantodonta Coryphodontidae Coryphodon

Carnivora Miacidae Uintacyon

Primates Microsyopidae Niptomomys

Primates Micromomyidae Chalicomomys

Primates Paromomyidae Acidomomys

Condylarthra Hyopsodontidae Haplomylus

Cf-2 17 Rodentia Alagomyidae Alagomys

Rodentia Ischyromyidae Microparamys

Rodentia Ischyromyidae Paramys

Rodentia Ischyromyidae Franimys

Pantolesta Pantolestidae Thelysia

Pholidota Epoicotheriidae Palaeanodon

Soricomorpha Nyctitheriidae Wyonycteris

Soricomorpha Nyctitheriidae Ceutholestes

Dermoptera Plagiomenidae Worlandia

Dermoptera Plagiomenidae Plagiomene

Condylarthra Phenacodontidae Copecion

Cf-3 7 Marsupialia Didelphidae Mimoperadectes

Creodonta Oxyaenidae Palaeonictis

Condylarthra Hyopsodontidae Hyopsodus

Condylarthra Phenacodontidae Meniscotherium

Wa-0 29 Marsupialia Didelphidae Copedelphys

Rodentia Reithroparamyidae Reithroparamys

Rodentia Sciruavidae Knightomys

Tillodontia Tillotheriidae Esthonyx

Apatotheria Apatemyidae Apatemys

Creodonta Hyaenodontidae Prolimnocyon

Creodonta Hyaenodontidae Prototomus

Creodonta Hyaenodontidae Arfia

Creodonta Hyaenodontidae Acarictis

Creodonta Oxyaenidae Oxyaena

Carnivora Miacidae Vulpavus

Biochron % FAD Higher Taxon Family Genus



59Denver Museum of Nature & Science Annals  |  No. 1, September 1, 2009

Eocene Climate Impacts Mammal Faunas

Carnivora Miacidae Miacis

Lipotyphla Amphilemuridae Macrocranion

Lipotyphla Apternodontidae Parapternodus

Lipotyphla Apternodontidae Koniaryctes

Euprimates Notharctinae Cantius

Euprimates Anaptomorphidae Teilhardina

Mesonychia Mesonychidae Pachyaena

Artiodactyla Diacodexinae Diacodexis

Perissodactyla Equidae Hyracotherium

Wa-1 26 Marsupialia Didelphidae Herpetotherium

Marsupialia Didelphidae Esteslestes

Epitheria Leptictidae Palaeictops

Rodentia Ischyromyidae Lophiparamys

Rodentia Ischyromyidae Apatosciuravus

Cimolesta Wyolestes

Cimolesta Palaeoryctidae Eoryctes

Cimolesta Cimolestidae Didelphodus

Pantolesta Pantolestidae Amaramnis

Creodonta Hyaenodontidae Galecyon

Creodonta Hyaenodontidae Tritemnodon

Carnivora Miacidae Vassacyon

Carnivora Miacidae Oodectes

Lipotyphla Sespedectidae Scenopagus

Lipotyphla Sespedectidae Creotarsus

Lipotyphla Dartonius

Lipotyphla Auroralestes

Soricomorpha Geolabididae Centetodon

Soricomorpha Geolabibidae Batodonoides

Soricomorpha Nyctitheriidae Plagioctenoides

Euprimates Omomyidae Tetonius

Euprimates Omomyidae Anemorhysis

Euprimates Omomyidae Arapahovius

Perissodactyla Isectolophidae Cardiolophus

Perissodactyla Isectolophidae Homogalax

Wa-2 1 Rodentia Ischyromyidae Thisbemys

Wa-3 2 Rodentia Sciruavidae Sciuravus

Primates Microsyopidae Microsyops

Wa-4 7 Rodentia Ischyromyidae Notoparamys

Biochron % FAD Higher Taxon Family Genus
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Cimolesta Palaeoryctidae Ottoryctes

Pholidota Tubulodon

Euprimates Omomyidae Steinius

Euprimates Omomyidae Pseudotetonius

Euprimates Adapidae Copelemur

Wa-5 10 Pholidota Epoicotheriidae Alcodontulum

Erinaceomorpha Talpavus

Primates Microsyopidae Uintasorex

Primates Microsyopidae Megadelphus

Primates Picromomyidae Picromomys

Euprimates Adapidae Pelycodus

Euprimates Omomyidae Absarokius

Euprimates Anaptomorphidae Chlororhysis

Condylarthra Arctocyonidae Anacodon

Wa-6 12 Rodentia Ischyromyidae Uriscus

Rodentia Ischyromyidae Uintaparamys

Rodentia Pauromys

Rodentia Eutypomyidae Mattimys

Pholidota Epoicotheriidae Pentapassalus

Pholidota Epoicotheriidae Dipassalus

Euprimates Omomyidae Loveina

Euprimates Omomyidae Jemezius

Euprimates Omomyidae Tatmanius

Artiodactyla Leptochoeridae Hexacodus

Artiodactyla Helaletidae Heptodon

Wa-7 22 Marsupialia Peradectidae Armintodelphys

Rodentia Sciuravidae Tillomys

Rodentia Cylindrodontidae Dawsonomys

Rodentia Cylindrodontidae Anomoemys

Rodentia Ischyromyidae Strathcona

Taeniodonta Stylinodontidae Stylinodon

Tillodontia Tillotheriidae Megalesthonyx

Creodonta Hyaenodontidae Machaeroides

Lipotyphla Erinaceidae Entomolestes

Soricomorpha Geolabididae Marsholestes

Soricomorpha Nyctitheriidae Nyctitherium

Primates Paromomyidae Elwynella

Euprimates Adapidae Notharctus

Euprimates Omomyidae Shoshonius

Biochron % FAD Higher Taxon Family Genus
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Euprimates Omomyidae Hemiacodon

Euprimates Omomyidae Strigorhysis

Euprimates Omomyidae Trogolemur

Euprimates Omomyidae Artimonius

Dinocerata Uintatheriidae Bathyopsis

Artiodactyla Dichobunidae Antiacodon

Perissodactyla Equidae Orohippus

Perissodactyla Incertae Sedis Lambdotherium

Br-1a 29 Theria Aethomylos

Rodentia Ischyromyidae Quadratomus

Rodentia Ischyromyidae Pseudotomus

Rodentia Sciuravidae Taxymys

Rodentia Sciuravidae Mysops

Rodentia Eutypomyidae Armintomys

Pantolesta Pantolestidae Pantolestes

Pholidota Epoicotheriidae Tetrapassalus

Pholidota Metacheiromyidae Metacheiromys

Pholidota Metacheiromyidae Brachianodon

Tillodontia Tillotheriidae Trogosus

Creodonta Hyaenodontidae Iridodon

Creodonta Hyaenodontidae Sinopa

Creodonta Oxyaenidae Patriofelis

Creodonta Oxyaenidae Malfelis

Erinaceoidea Sespedectidae Crypholestes

Primates Picromomyidae Alveojunctus

Euprimates Adapidae Smilodectes

Euprimates Omomyidae Washakius

Euprimates Omomyidae Utahia

Euprimates Omomyidae Uintanius

Euprimates Omomyidae Aycrossia

Euprimates Omomyidae Omomys

Mesonychia Mesonychidae Mesonyx

Artiodactyla Dichobunidae Microsus

Perissodactyla Brontotheriidae Palaeosyops

Perissodactyla Brontotheriidae Eotitanops

Perissodactyla Hyracodontidae Hyrachyus

Perissodactyla Helaletidae Helaletes

Perissodactyla Helaletidae Selenaletes

Br-1b 6 Creodonta Hyaenodontidae Thinocyon

Creodonta Hyaenodontidae Limnocyon

Biochron % FAD Higher Taxon Family Genus
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Euprimates Anaptomorphidae Anaptomorphus

Euprimates Anaptomorphidae Gazinius

Dinocerata Uintatheriidae Uintatherium

Artiodactyla Helohyidae Helohyus

Br-2 15 Rodentia Elymys

Rodentia Cylindrodontidae Pseudocylindrodon

Tillodontia Tillotheriidae Tillodon

Carniviora Miacidae Palaearctonyx

Lipotyphla Nyctitheriidae Pontifactor

Euprimates Omomyidae Wyomomys

Mesonychia Mesonychidae Harpagolestes

Mesonychia Mesonychidae Synoplotherium

Artiodactyla Dichobunidae Homacodon

Perissodactyla Hyracodontidae Dilophodon

Perissodactyla Hyracodontidae Fouchia

Perissodactyla Isectolophidae Isectolophus

Perissodactyla Telmatheriinae Telmatherium

Perissodactyla Brontotheriidae Mesatirhinus

Br-3 10 Rodentia Eomyidae Adjidaumo

Rodentia Eomyidae Protadjidaumo

Rodentia Eomyidae Paradjidaumo

Euprimates Omomyidae Macrotarsius

Euprimates Omomyidae Ageitodendron

Euprimates Omomyidae Sphacorhysis

Dinocerata Uintatheriidae Tetheopsis

Perissodactyla Rhinocerotidae Amynodon

Ui-1 42 Rodentia Prolapsus

Rodentia Sciuravidae Pareumys

Rodentia Aplodontidae Spurimus

Rodentia Protoptychidae Protoptychus

Rodentia Floresomys

Pantolesta Simidectes

Dermoptera Plagiomenidae Tarka

Creodonta Hyaenodontidae Oxyaenodon

Carnivora Miacidae Procynodictis

Carnivora Miacidae Prodaphoenus

Carnivora Miacidae Tapocyon

Soricomorpha Apternodontidae Oligoryctes

Euprimates Omomyidae Ourayia

Biochron % FAD Higher Taxon Family Genus
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Dinocerata Uintatheriidae Eobasileus

Artiodactyla Helohyidae Achaenodon

Artiodactyla Helohyidae Parahyus

Artiodactyla Entelodontidae Brachyhyops

Artiodactyla Leptochoeridae Hylomeryx

Artiodactyla Leptochoeridae Bunomeryx

Artiodactyla Agriochoeridae Protoreodon

Artiodactyla Oromerycidae Merycobunodon

Artiodactyla Oromerycidae Malaquiferus

Artiodactyla Oromerycidae Protylopus

Artiodactyla Oromerycidae Oromeryx

Artiodactyla Protoceratidae Leptotragulus

Artiodactyla Protoceratidae Leptoreodon

Perissodactyla Equidae Epihippus

Perissodactyla Brontotheriidae Metatelmatherium

Perissodactyla Brontotheriidae Metarhinus

Perissodactyla Brontotheriidae Sphenocoelus

Perissodactyla Brontotheriidae Dolichorhinus

Perissodactyla Brontotheriidae Protitanotherium

Perissodactyla Brontotheriidae Eubrontotherium

Perissodactyla Sthenodectes

Perissodactyla Eomoropidae Grangeria

Perissodactyla Uintaceras

Perissodactyla Hyracodontidae Triplopus

Perissodactyla Hyracondonidae Epitriplopus

Perissodactyla Helaletidae Colodon

Ui-2 19 Marsupialia Peradectidae Nanodelphys

Rodentia Ischyromyidae Rapamys

Rodentia Ischyromyidae Mytonomys

Rodentia Ischyromyidae Eohaplomys

Rodentia Simimys

Rodentia Metanoiamys

Rodentia Griphomys

Lipotyphla Sespedectidae Proterixoides

Lipotyphla Sespedectidae Sespedectes

Lipotyphla Sespedectidae Patriolestes

Primates Microsyopidae Craseops

Euprimates Adapidae Hesperolemur

Euprimates Omomyidae Dyseolemur

Euprimates Omomyidae Stockia

Euprimates Omomyidae Chipetaia

Biochron % FAD Higher Taxon Family Genus
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Artiodactyla Leptochoeridae Mesomeryx

Perissodactyla Eomoropidae Eomoropus

Perissodactyla Teletaceras

Ui-3 31 Leptictida Leptictidae Leptictis

Lagomorpha Leporidae Procaprolagus

Lagomorpha Leporidae Mytonolagus

Rodentia Ischyromyidae Ischyromys

Rodentia Laredomyidae Laredomys

Rodentia Isectolophidae Churcheria

Rodentia Isectolophidae Tapomys

Rodentia Eutypomyidae Janimus

Rodentia Eutypomyidae Microeutypomys

Rodentia Aulolithomys

Pholidota Epoicotheriidae Epoicotherium

Erinaceomorpha Sespedectidae Ankylodon

Soricomorpha Micropternodontidae Micropternodus

Lipotyphla Sespedectidae Scenopagus

Lipotyphla Soricidae Domnina

Euprimates Omomyidae Yaquius

Artiodactyla Dichobunidae Ibarus

Artiodactyla Dichobunidae Laredochoerus

Artiodactyla Dichobunidae Tapochoerus

Artiodactyla Dichobunidae Auxontodon

Artiodactyla Dichobunidae Texodon

Artiodactyla Dichobunidae Mytonomeryx

Artiodactyla Dichobunidae Pentacemylus

Artiodactyla Dichobunidae Apriculus

Artiodactyla Protoceratidae Poabromylus

Artiodactyla Protoceratidae Toromeryx

Artiodactyla Hypertragulidae Simimeryx

Perissodactyla Brontotheriidae Protitanotherium

Perissodactyla Brontotheriidae Eotitanotherium

Perissodactyla Brontotheriidae Diplacodon

Perissodactyla Brontotheriidae Protitanops

Perissodactyla Brontotheriidae Notiotitanops

Perissodactyla Rhinocerotidae Metamynodon

Biochron % FAD Higher Taxon Family Genus
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Table 4. Summary of North American Ti-3–Ui-3 mammalian LADs. Suprageneric groups (and 

the relevant genera) that become extinct are indicated in boldface.

Biochron % LAD Higher Taxon Family/Subfamily Genus

Ti-3 18 Multituberculata Ptilodontidae Baiotomeus

Multituberculata Eucosmodontidae Allocosmodon

Leptictida Leptictidae Myrmecoboides

Cimolesta Cimolestidae Gelastops

Cimolesta Cimolestidae Acmeodon

Dermoptera Plagiomenidae Eudaemonema

Lipotyphla Erinaceidae Cedrocherus

Primates Paromomyidae Paromomys

Primates Plesiadapidae Pronothodectes

Primates Carpolestidae Elphidotarsius

Primates Saxonellidae Saxonella

Condylarthra Mioclaenidae Protoselene

Condylarthra Mioclaenidae Promioclaenus

Ti-4 20 Multituberculata Ptilodontidae Mesodma

Multituberculata Taeniolabididae Catopsalis

Leptictida Leptictidae Xenacodon

Cimolesta Palaeoryctidae Pararyctes

Cimolesta Palaeoryctidae Lainoryctes

Cimolesta Pentacodontidae Aphronorus

Cimolesta Pentacodontidae Bisonalveus

Pholidota Epoicotheriidae Amelotabes

Primates Microsyopidae Navajovius

Primates Micromomyinae Micromomys

Primates Picrodontidae Picrodus

Primates Picrodontidae Zanycteris

Primates Carpolestidae Carpomegodon

Dermoptera Plagiomenidae Elpidophorus

Condylarthra Periptychidae Periptychus

Ti-5 30 Multituberculata Sloanbaataridae Pentacosmodon

Multituberculata Ptilodontidae Neoplagiaulax

Multituberculata Ptilodontidae Mimetodon

Cimolesta Palaeoryctidae Aaptoryctes

Cimolesta Cimolestidae Paleotomus

Cimolesta Apatemyidae Unuchinia

Cimolesta Apatemyidae Jepsenella

Cimolesta Pantolestidae Propalaeosinopa
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Cimolesta Pantolestidae Bessoecetor

Pantodonta Barylambdidae Ignatiolambda

Lipotyphla Litolestes

Lipotyphla Erinaceidae Litocherus

Primates Plesiadapidae Nannodectes

Primates Carpolestidae Carpodaptes

Pholidota Metacheiromyidae Propalaeanodon

Pholidota Metacheiromyidae Mylanodon

Condylarthra Arctocyonidae Claenodon

Condylarthra Hyopsodontidae Litomylus

Condylarthra Hyopsodontidae Haplaletes

Condylarthra Hyopsodontidae Dorraletes

Ti-6 2 Multituberculata Ptilodontidae Ptilodus

Cf-1 13 Cimolesta Cimolestidae Protentomodon

Primates Paromomyidae Acidomomys

Taeniodonta Stylinodontidae Psittacotherium

Pantodonta Barylambdidae Barylambda

Pantodonta Barylambdidae Haplolambda

Creodonta Oxyaenidae Tytthaena

Condylarthra Arctocyonidae Mimotricentes

Condylarthra Arctocyonidae Lambertocyon

Cf-2 10 Rodentia Alagomyidae Alagomys

Pantodonta Titanoideidae Titanoides

Creodonta Oxyaenidae Dipsalodon

Lipotyphla Nyctitheriidae Limaconyssus

Dermoptera Plagiomenidae Planetetherium

Condylarthra Hyopsodontidae Phenacodaptes

Cf-3 16 Multituberculata Ptilodontidae Prochetodon

Multituberculata Eucosmodontidae Microcosmodon

Pantodonta Cyriacotheriidae Cyriacotherium

Carnivora Viverravidae Protictis

Lipotyphla Nyctitheriidae Ceutholestes

Primates Plesiadapidae Chiromyoides

Primates Carpolestidae Carpolestes

Dermoptera Plagiomenidae Worlandia

Condylarthra Hyopsodontidae Aletodon

Arctostylopida Arctostylopidae Arctostylops

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Wa-0 3 Pantolesta Pantolestidae Thelysia

Condylarthra Oxyclaenidae Princetonia

Wa-1 3 Marsupialia Didelphidae Esteslestes

Lipotyphla Creotarsidae Creotarsus

Primates Plesiadapidae Plesiadapis

Wa-2 5 Tillodontia Tillotheriidae Azygonyx

Creodonta Hyaenodontidae Galecyon

Creodonta Hyaenodontidae Acarictis

Lipotyphla Adunator

Wa-3 8 Multituberculata Eucosmodontidae Neoliotomus

Cimolesta Palaeoryctidae Eoryctes

Lipotyphla Apternodontidae Parapternodus

Lipotyphla Apternodontidae Koniaryctes

Primates Microsyopidae Arctodotomys

Primates Micromomyidae Tinimomys

Primates Micromomyidae Chalicomomys

Wa-4 8 Cimolesta Wyolestes

Cimolesta Palaeoryctidae Palaeoryctes

Lipotyphla Dartonius

Lipotyphla Auroralestes

Lipotyphla Nyctitheriidae Plagioctenoides

Dermoptera Plagiomenidae Plagiomene

Euprimates Omomyidae Pseudotetonius

Wa-5 11 Marsupialia Didelphidae Mimoperadectes

Cimolesta Palaeoryctidae Ottoryctes

Lipotyphla Talpavoides

Lipotyphla Leipsanolestes

Lipotyphla Nyctitheriidae Wyonycteris

Primates Micromomyidae Niptomomys

Primates Picromomyidae Picromomys

Euprimates Omomyidae Teilhardina

Euprimates Omomyidae Arapahovius

Euprimates Omomyidae Tetonius

Wa-6 17 Multituberculata Ptilodontidae Parectypodus

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Rodentia Ischyromyidae Apatosciuravus

Rodentia Ischyromyidae Notoparamys

Rodentia Ischyromyidae Franimys

Cimolesta Apatemyidae Labidolemur

Pholidota Epoicotheriidae Alcodontulum

Creodonta Hyaenodontidae Arfia

Creodonta Oxyaenidae Dipsalidictis

Creodonta Oxyaenidae Palaeonictis

Lipotyphla Diacodon

Euprimates Omomyidae Steinius

Euprimates Omomyidae Jemezius

Euprimates Omomyidae Tatmanius

Mesonychia Mesonychidae Dissacus

Condylarthra Hyopsodontidae Haplomylus

Condylarthra Hyopsodontidae Apheliscus

Wa-7 25 Leptictida Leptictidae Prodiacodon

Rodentia Ischyromyidae Uriscus

Rodentia Sciuravidae Dawsonomys

Cimolesta Pantodontidae Amaramnis

Pholidota Epoicotheriidae Palaeanodon

Taeniodonta Stylinodontidae Ectoganus

Tillodontia Tillotheriidae Megalesthonyx

Creodonta Oxyaenidae Oxyaena

Carnivora Miacidae Vassacyon

Lipotyphla Nyctitheriidae Plagioctenodon

Lipotyphla Nyctitheriidae Leptacodon

Euprimates Notharctidae Pelycodus

Euprimates Notharctidae Copelemur

Euprimates Omomyidae Loveina

Euprimates Omomyidae Chlororhysis

Euprimates Omomyidae Absarokius

Dinocerata Uintatheriidae Prodinoceras

Condylarthra Oxyclaenidae Chriacus

Condylarthra Arctocyonidae Anacodon

Condylarthra Phenacodontidae Copecion

Condylarthra Meniscotheriidae Meniscotherium

Perissodactyla Incertae Sedis Lambdotherium

Perissodactyla Isectolophidae Homogalax

Perissodactyla Isectolophidae Cardiolophus

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Br-1a 13 Rodentia Sciuravidae Anomoemys

Rodentia Eutypomyidae Armintomys

Pholidota Metacheiromyidae Tubulodon

Pholidota Epoicotheriidae Pentapassalus

Pholidota Epoicotheriidae Dipassalus

Pantodonta Coryphodontidae Coryphodon

Creodonta Hyaenodontidae Iridodon

Creodonta Hyaenodontidae Prolimnocyon

Creodonta Oxyaenidae Malfelis

Primates Microsyopidae Megadelphus

Euprimates Omomyidae Anemorhysis

Euprimates Omomyidae Artimonius

Artiodactyla Leptochoeridae Hexacodus

Perissodactyla Isectolophidae Selenaletes

Br-1b 16 Marsupialia Didelphidae Armintodelphys

Cimolesta Pantolestidae Palaeosinopa

Pholidota Metacheiromyidae Brachianodon

Tillodontia Tillotheriidae Esthonyx

Creodonta Hyaenodontidae Prototomus

Dermoptera Paromomyidae Elwynella

Euprimates Notharctidae Cantius

Euprimates Omomyidae Utahia

Euprimates Omomyidae Absarokius

Condylarthra Oxyclaenidae Thryptacodon

Condylarthra Phenacodontidae Ectocion

Artiodactyla Diacodexinae Diacodexis

Artiodactyla Diacodexinae Bunophorus

Perissodactyla Brontotheriidae Eotitanops

Perissodactyla Helaletidae Heptodon

Br-2 21 Rodentia Ischyromyidae Acritoparamys

Rodentia Ischyromyidae Strathcona

Rodentia Sciuravidae Knightomys

Rodentia Eutypomyidae Mattimys

Rodentia Dipodidae Elymys

Tillodontia Tillotheriidae Trogosus

Tillodontia Tillotheriidae Tillodon

Creodonta Hyaenodontidae Machaeroides

Creodonta Hyaenodontidae Tritemnodon

Carnivora Miacidae Vulpavus

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Carnivora Miacidae Palaearctonyx

Carnivora Miacidae Oodectes

Lipotyphla Geolabididae Marsholestes

Euprimates Omomyidae Shoshonius

Euprimates Omomyidae Wyomomys

Euprimates Omomyidae Acrossia

Euprimates Omomyidae Strigorhysis

Dinocerata Uintatheriidae Bathyopsis

Mesonychia Mesonychidae Pachyaena

Perissodactyla Hyracodontidae Fouchia

Br-3 32 Pholidota Metacheiromyidae Metacheiromys

Creodonta Hyaenodontidae Thinocyon

Creodonta Hyaenodontidae Sinopa

Creodonta Oxyaenidae Patriofelis

Carnivora Viverravidae Viverravus

Lipotyphla Nyctitheriidae Pontifactor

Euprimates Notharctidae Smilodectes

Euprimates Omomyidae Ageitodendron

Euprimates Omomyidae Uintanius

Euprimates Omomyidae Anaptomorphus

Euprimates Omomyidae Gazinius

Euprimates Omomyidae Sphacorhysis

Dinocerata Uintatheriidae Tetheopsis

Condylarthra Phenacodontidae Phenacodus

Mesonychia Mesonychidae Synoplotherium

Artiodactyla Dichobunidae Antiacodon

Artiodactyla Dichobunidae Homacodon

Artiodactyla Dichobunidae Microsus

Perissodactyla Equidae Orohippus

Perissodactyla Brontotheriidae Palaeosyops

Perissodactyla Brontotheriidae Telmatherium

Perissodactyla Hyracodontidae Hyrachyus

Perissodactyla Isectolophidae Isectolophus

Perissodactyla Helaletidae Helaletes

Ui-1 20 Rodentia Sciuravidae Pauromys

Rodentia Sciuravidae Tillomys

Rodentia Sciuravidae Taxymys

Rodentia Sciuravidae Mysops

Pholidota Epoicotheriidae Tetrapassalus

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Creodonta Hyaenodontidae Limnocyon

Dermoptera Plagiomenidae Tarka

Primates Picromomyidae Alveojunctus

Euprimates Notharctidae Notharctus

Dinocerata Uintatheriidae Eobasileus

Artiodactyla Helohyidae Helohyus

Artiodactyla Helohyidae Achaenodon

Artiodactyla Helohyidae Parahyus

Artiodactyla Agriochoeridae Merycobunodon

Perissodactyla Equidae Hyracotherium

Perissodactyla Brontotheriidae Mesatirhinus

Perissodactyla Brontotheriidae Eubrontotherium

Perissodactyla Hyracodontidae Dilophodon

Ui-2 19 Rodentia Ischyromyidae Lophiparamys

Rodentia Protoptychidae Protoptychus

Rodentia Simimyidae Simimys

Rodentia Floresomys

Lipotyphla Amphilemuridae Macrocranion

Lipotyphla Sespedectidae Patriolestes

Primates Microsyopidae Microsyops

Primates Microsyopidae Craseops

Dermoptera Paromomyidae Phenacolemur

Euprimates Notharctinae Hesperolemur

Euprimates Omomyidae Stockia

Euprimates Omomyidae Chipetaia

Euprimates Omomyidae Washakius

Artiodactyla Leptochoeridae Mesomeryx

Perissodactyla Brontotheriidae Sphenocoelus

Perissodactyla Brontotheriidae Dolichorhinus

Perissodactyla Eomoropidae Eomoropus

Perissodactyla Uintaceras

Ui-3 39 Mammalia Aethomylos

Rodentia Laredomyidae Laredomys

Rodentia Ischyromyidae Thisbemys

Rodentia Ischyromyidae Pseudotomus

Rodentia Ischyromyidae Rapamys

Rodentia Ischyromyidae Tapomys

Rodentia             Reithroparamyidae Reithroparamys

Rodentia Prolapsus

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Taeniodonta Stylinodontidae Stylinodon

Creodonta Hyaenodontidae Oxyaenodon

Carnivora Miacidae Miacis

Carnivora Miacidae Uintacyon

Carnivora Miacidae Procynodictis

Carnivora Miacidae Prodaphoenus

Carnivora Miacidae Tapocyon

Lipotyphla Sespedectidae Scenopagus

Lipotyphla Geolabididae Batodonoides

Primates Microsyopidae Uintasorex

Euprimates Omomyidae Hemiacodon

Euprimates Omomyidae Yaquius

Euprimates Omomyidae Ourayia

Dinocerata Uintatheriidae Uintatherium

Mesonychia Mesonychidae Mesonyx

Artiodactyla Leptochoerinae Ibarus

Artiodactyla Leptochoerinae Laredochoerus

Artiodactyla Antiacodontinae Auxontodon

Artiodactyla Antiacodontinae Tapochoerus

Artiodactyla Homacodontinae Texodon

Artiodactyla Homacodontinae Hylomeryx

Artiodactyla Homacodontinae Bunomeryx

Artiodactyla Homacodontinae Mynonomeryx

Artiodactyla Homacodontinae Pentecemylus

Artiodactyla Homacodontinae Apriculus

Artiodactyla Oromerycidae Malaquiferus

Artiodactyla Protoceratidae Toromeryx

Perissodactyla Equidae Epihippus

Perissodactyla Brontotheriidae Eotitanotherium

Perissodactyla Brontotheriidae Protitanotherium

Perissodactyla Brontotheriidae Sthenodectes

Perissodactyla Brontotheriidae Metarhinus

Perissodactyla Brontotheriidae Metatelmatherium

Perissodactyla Brontotheriidae Diplacodon

Perissodactyla Eomoropidae Grangeria

Perissodactyla Rhinocerotidae Amynodon

Perissodactyla Rhinocerotidae Metamynodon

Biochron % LAD Higher Taxon Family/Subfamily Genus
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Table 5. Mammalian faunal change in North American late Paleocene and Eocene biochrons. Note the 

large number of FADs (61) from Wa-6–Br-1a as compared to any consecutive three biochrons except 

for Ui-1–Ui-3. Note the large number of LADs in Br-2–Br-3 in the later part of the EECO.

Mammal age Boundary Duration Immigrant Number of Number of Remarks

From To in m.y. % of FADs FADs LADs

Uintan Ui-3 43 40 3 6 33 42

Few immigrants; 

moderate speciation; 

strong LADs.

Ui-2 45.4 43 2.4 6 18 8

Few immigrants; strong 

speciation; moderate 

LADs.

Ui-1 47.25 45.4 1.85 5 40 19

Few immigrants; 

moderate speciation; 

moderate LADs.

Bridgerian Br-3 48.4 47.25 1.15 50 8 27

Moderate immigrants; 

strong speciation; large 

LADs.

Br-2 48.9 48.4 0.5 7 14 20
No immigrants; strong 

speciation; large LADs.

Br-1b 49.55 48.9 0.65 0 6 15
No immigrants; little 

speciation; strong LADs.

Br-1a 51.1 49.55 1.55 0 30 14

No immigrants; strong 

speciation; moderate  

LADs.

Wasatchian Wa-7 52.65 51.1 1.55 5 22 24
Few immigrants; strong 

speciation; strong LADs.

Wa-6 52.95 52.65 0.3 0 11 16

No immigrants; no 

speciation; moderate 

LADs.

Wa-5 53.5 52.95 0.55 0 9 10

No immigrants; no 

speciation; moderate 

LADs.

Wa-4 54.7 53.5 1.2 0 6 7

No immigrants; no 

speciation; moderate 

LADs.

Wa-3 55.2 54.7 0.5 0 2 7
No immigrants; no 

speciation; minor LADs.

Wa-2 55.5 55.2 0.3 0 1 5
No immigrants; no 

speciation; minor LADs.

Wa-1 55.73 55.5 0.23 0 25 3
No immigrants; strong 

speciation; minor LADs.

Wa-0 55.8 55.73 0.07 43 21 2

Strong immigrants; 

moderate speciation; 

minor LADs.

Clarkforkian Cf-3 56.2 55.8 0.4 25 4 10

Moderate immigrants; 

moderate speciation; 

moderate LADs.
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Mammal age Boundary Duration Immigrant Number of Number of Remarks

From To in m.y. % of FADs FADs LADs

Cf-2 56.5 56.2 0.3 9 11 6

Moderate immigrants; 

moderate speciation; 

moderate LADs.

Cf-1 57 56.5 0.5 38 8 8

Moderate  immigrants; 

moderate speciation;  

moderate LADs.

Tiffanian Ti-6 57.3 57 0.3 17 6 1
Few immigrants; strong 

speciation; minor LADs.

Ti-5 58.3 57.3 1 14 7 20

Few immigrants; strong 

speciation; moderate 

LADs.

Ti-4 59.5 58.3 1.2 0 12 15

No immigrants; no 

speciation; moderate 

LADs.

Ti-3 60.3 59.5 0.8 8 13 18

Few immigrants; strong 

speciation; moderate 

LADs.

No immigrants = 0; Few immigrants = 1–2.

Moderate immigrants = 3–4; Strong immigrants = 6–8.

Speciation refers to that likely attributable to 
immigration. 

Little speciation = immigrants are more than 40% of 
FADs.

Moderate speciation = immigrants are between 40% and 
20% of FADs.

Strong speciation =  immigrants are 1%–20% of FADs.

Minor LADs = <4; moderate LADs = >4 and <12; strong 
LADs = >12.
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