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ABSTRACT

Until recently, few well-described rodent faunae from the Whitneyan North American Land Mammal Age [NALMA] were known, hindering stud-
ies of rodent diversity, biogeography, and evolutionary patterns during the Oligocene. This study describes a new Whitneyan rodent assemblage 
from the Obritsch Ranch paleontological locality in the Little Badlands region of North Dakota. Specimens were collected from three stratigraphi-
cally restricted sampling intervals within the middle to upper Brule Formation, resulting in the recognition of fourteen rodent species, five of which 
are elsewhere known to first appear in Whitneyan faunae. Described is one new species, the eomyid Paradjidaumo obritschorum, and the first 
cranial material of the heteromyid rodent Proharrymys Korth and Branciforte, 2007. The rodent fauna from the upper two sampling intervals at 
Obritsch Ranch and the uppermost fauna recently described from the nearby Fitterer Ranch paleontological locality share four taxa in common 
with the late Whitneyan Blue Ash local fauna from southwestern South Dakota, indicating these two North Dakota rodent faunae are also from the 
late Whitneyan. Increasing knowledge of Whitneyan rodent faunae in North America reveals unusually high survivorship of rodent species from 
the older Orellan NALMA into the Whitneyan NALMA and much geographic variation in the diversity, distribution, and relative abundance of 
different rodent families between individual Whitneyan rodent faunae. Those factors help explain prior difficulties in differentiating Orellan and 
Whitneyan rodent faunae and in identifying biostratigraphically useful rodent taxa for the Whitneyan. Overall, Whitneyan rodent faunae from North 
America display an increase in the diversity of aplodontiids, cricetids, and sciurids and a decrease in eomyid and ischyromyid diversity relative 
to the Orellan.
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INTRODUCTION
Knowledge of Whitneyan rodent diversity has lagged be-
hind that of other late Eocene and Oligocene North Ameri-
can Land Mammal Ages (NALMAs), with only 14 rodent 
taxa identified by Korth (1994) from Whitneyan faunae 
compared to 48 from the preceding Orellan NALMA 
(33.7–32.0 ma: Prothero and Emry 2004) and 110 from 
the subsequent Arikareean NALMA (30.0–18.8 ma: Ted-
ford et al. 2004). This striking difference is often attributed 
to the relative scarcity of Whitneyan fossils (Prothero and 
Emry 2004), resulting in few well-described Whitneyan 
rodent faunae. This lack of understanding of Whitneyan 
rodent diversity impedes the study of trends in rodent di-
versification, rates of origination and extinction, and re-
sponses to environmental and climatic changes during the 
late Paleogene in North America.
 Progress has been made over the last decade to increase 
our understanding of Whitneyan rodent diversity via the 
detailed description of diverse Whitneyan rodent faunae 
from southwestern South Dakota (Korth 2010b, 2014), 

western Montana (Korth and Tabrum 2017), and south-
western North Dakota (Korth et al. 2019). The efforts of 
the last study were focused on the Fitterer Ranch local-
ity within the Little Badlands area of Stark County, pre-
viously identified as preserving a largely Orellan fauna 
(e.g., Murphy et al. 1993; Janis et al. 2008). Review of 
specimens collected from that area associated with precise 
stratigraphic data, via both surface collection and screen 
washing methods, revealed that the fauna from the lower-
most rocks of the Brule Formation (subunits 4A to 5A of 
Skinner [1951]) preserve a possible transitional Orellan/
Whitneyan or Whitneyan fauna, while the middle portion 
(subunits 5B to 5F of Skinner [1951]) preserves a clearly 
Whitneyan fauna based in part on the co-presence of the 
cricetid Eumys brachyodus and the castorid Agnotocastor 
praetereadens (Korth et al. 2019). 
 Magnetostratigraphic study of the Brule Formation at 
Fitterer Ranch identified a shift from reverse polarity to 
normal polarity within subunit 6A, with the normal polarity 
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persisting at least through subunit 6E (Prothero 1996). That 
normal magnetozone represents Chron C12n (30.6–31.0 
Ma: Ogg 2012), which is entirely contained within the late 
Whitneyan NALMA (30.0–31.4 Ma: Prothero and Emry 
2004). Thus, it is likely that the Brule Formation in the 
Little Badlands area of North Dakota records the transition 
from an early Whitneyan rodent fauna to a late Whitneyan 
rodent fauna. Unfortunately, at this time insufficient rodent 
specimens are currently available from unit 6 at Fitterer 
Ranch to allow the description of a rodent fauna or facili-
tate accurate comparisons to the faunae collected from the 
lower (subunits 4A to 5A) and middle (subunits 5B to 5F) 
portions of the Brule Formation at that location.
 The Obritsch Ranch paleontological locality is an area 
of geographically limited but vertically extensive outcrops 
of the Brule Formation situated approximately five kilo-
meters (approximately three miles) northeast of Fitterer 
Ranch within the Little Badlands region (Murphy et al. 
1993). Surface collection of vertebrate fossils through-
out the stratigraphic section at Obritsch Ranch has been 
ongoing since the 1980’s by the North Dakota Geologi-
cal Survey (Murphy et al. 1993), with most specimens 
collected from three discrete stratigraphic intervals (Fig. 
1). The middle interval consists of a highly fossiliferous 
sandstone situated within the upper portion of subunit 6 
of Skinner (1951), well within rocks deposited during 
Chron C12n (Prothero 1996). Beginning in 2016, bulk 
matrix was collected from that channel sandstone and 
screen washed for microvertebrate fossils. That work has 
produced a diverse rodent fauna that is distinct from those 
previously described from nearby Fitterer Ranch (Korth 
et al. 2019). Here, we present a description of the rodent 
assemblage from Obritsch Ranch, with particular focus on 
the fauna from the middle sandstone interval, compare this 
new fauna to previously described Whitneyan faunae from 
the Great Plains region of North America, and provide 
an updated synthesis of rodent diversity, biogeographic 
patterns, and evolutionary trends during the late Eocene 
through Oligocene in North America.

Dental Terminology.—Dental terminology generally fol-
lows that of Wood and Wilson (1936) with specialized 
terminology for aplodontiids (Rensberger 1975) and cas-
torids (Stirton 1935). Maxillary teeth are designated by 
capital letters, lower teeth are designated by lower-case 
letters (e.g., M1 and m1). All measurements were taken 
with optical micrometer to the nearest 0.01 mm. 

Abbreviations.—Abbreviations for measurements: L, 
maximum anteroposterior length; W, maximum transverse 
width. Abbreviations for institutions: FAM, Frick Collec-
tions, American Museum of Natural History; MCZ, Muse-
um of Comparative Zoology, Harvard University; NDGS, 
North Dakota State Fossil Collection, North Dakota Geo-
logical Survey; USNM PAL, US National Museum of 
Natural History, Smithsonian Institution.

GEOLOGIC SETTING

The Obritsch Ranch paleontological locality is situated 
along the southern boundary of the area commonly referred 
to as the Little Badlands, southwest of the city of Dickin-
son in Stark County, North Dakota (T138N, R97W, sec-
tions 28–29). It is situated 1.6 km east and 4.8 km north of 
the Fitterer Ranch paleontological locality. There are few 
published reviews of the geology of the rock exposures at 
Obritsch Ranch. Three formations are recognized at this 
location: the basal Chadron Formation, the middle Brule 
Formation, and the overlying Arikaree Formation (Stone 
1973; Murphy et al. 1993). Fossils are noted from all three 
formations at Obritsch Ranch (Murphy et al. 1993: fig. 34), 
but only the rocks of the Brule Formation preserve sufficient 
material to permit a detailed study of the rodent assemblage 
at this time. At the main study location, only the Brule For-
mation is exposed, and neither the upper or lower contacts 
are present (Fig. 1). 
 Only the distinctive “Antelope Creek tuff” was previ-
ously identified as a useful marker bed for correlating the 
rocks of the Brule Formation at Fitterer Ranch and Obritsch 
Ranch (Murphy et al. 1993). Correlation of green to gray 
channel sandstones present in both areas was proposed by 
some authors (e.g., Stone 1973); however, multiple dis-
continuous channel sandstones are present at both Fitterer 
Ranch and Obritsch Ranch at different stratigraphic posi-
tions, most of which were deposited by localized ribbon 
channels, making them poor candidates for marker beds 
(Murphy et al. 1993). Stone (1973) proposed subdividing 
the Brule Formation into two informal members: the lower 
“Dickinson Member,” and the upper “Schefield Member.” 
The transition between those informal members was placed 
at the base of a thick set of alternating sandstone and mud-
stone beds (subunit 6A of Skinner [1951], also referred to 
as the ‘first bedded interval’) that creates a distinct slope 
change in the outcrop. Though Murphy et al. (1993) decided 
against formalizing those members because they were dif-
ficult to differentiate elsewhere in North Dakota outside of 
the Little Badlands area, that bedded interval is easily trace-
able between Fitterer Ranch and Obritsch Ranch, assisting 
with stratigraphic correlations between the two areas.
 Though far fewer fossils are known from Obritsch Ranch 
compared to Fitterer Ranch, both in terms of the number of 
fossiliferous horizons and total specimens collected, study 
of the rodent specimens from Obritsch Ranch was deemed 
important because many of the rodent fossils collected at 
Obritsch Ranch come from higher stratigraphic intervals 
than those previously reported from Fitterer Ranch, which 
were largely confined to the lower half of the Brule Forma-
tion (Korth et al. 2019). Thus, the rodent assemblage from 
Obritsch Ranch detailed in this study serves as a supplement 
to the previous work on the rodent assemblage of the Brule 
Formation at Fitterer Ranch, adding to our understanding 
of faunal distribution and turnover within the Brule Forma-
tion in North Dakota and improving regional correlations of 
contemporaneous rock units. 
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SAMPLING METHODS

In this study, fossils were recovered from three distinct 
stratigraphic intervals (Fig. 1). This contrasts with the sev-
en sampling intervals that were identified at nearby Fitterer 
Ranch where the higher abundance of fossils and more ex-
tensively exposed outcrops allowed the stratigraphic col-
umn to be subdivided more finely (Korth et al. 2019). It 
should be noted that these sampling intervals were defined 
based on ease of recognition in the field and ability to col-
lect from rocks of one sampling interval with minimal risk 
of contamination by fossils of the other sampling intervals 
and do not necessarily correspond to lithosomes or dis-
crete sedimentary packages in all cases. All rodent speci-
mens collected from these intervals were identified and the 
resulting rodent faunae from each sampling interval were 
compared to assess any patterns of faunal change through 
time in the study area. Comparisons were also made to the 
rodent faunae previously reported from nearby Fitterer 
Ranch and from other Whitneyan faunae from the Great 
Plains region of North America.

Sampling Interval 1.—The base of sampling interval 1 is 
placed at the top of the “Antelope Creek tuff” (sensu Mur-
phy et al. 1993), which forms a resistant ledge in the local 
area and serves as a useful marker bed between the Fitterer 
Ranch paleontological locality and the Obritsch Ranch 
paleontological locality. The rocks of sampling interval 1 
consist mostly of silty mudstones that contain two discrete 
horizons of discontinuous siltstone nodules. While fossils 

seem to be scattered throughout these mudstone beds, the 
highest concentration appears to be present in the middle 
mudstone interval. All specimens from this sampling 
interval were surface collected. The top of this sampling 
interval is placed at the base of a resistant nodular siltstone 
layer that supports a bench in the local area and clearly 
represents a paleosol based on the high abundance of pedo-
tubules. 
 The rocks of this sampling interval at Obritsch Ranch 
correspond to unit 5 of Skinner (1951) at Fitterer Ranch 
given that the “Antelope Creek tuff” forms the top of unit 4 
in that study. However, at Obritsch Ranch there is no local 
equivalent of the “Fitterer Channel” (sensu Skinner 1951), 
so exactly which of the six subunits of unit 5 these rocks 
correlate with is difficult to determine. Given the lack of a 
clear unconformity between these rocks and the underly-
ing “Antelope Creek tuff,” it is here considered most likely 
that these rocks correspond with subunit 5A of Skinner 
(1951), but it is possible given the fossiliferous nature of 
these rocks that they may correspond to the highly fossilif-
erous rocks of subunit 5D at Fitterer Ranch and that rocks 
correlative with the “Fitterer Channel” (subunit 5B) were 
never deposited at Obritsch Ranch.

Sampling Interval 2.—The rocks of sampling interval 2 
consist entirely of green to gray sandstone layers deposited 
within a localized ribbon channel or stacked set of ribbon 
channels in some locations, one of the most distinct litho-
logic facies exposed at Obritsch Ranch. These sandstones 
vary in grain size from conglomerates to fine sand, and at 

Fig. 1.—Stratigraphic section of the Brule Formation rocks exposed in the study area of Obritsch Ranch, Stark County, North Dakota. Stratigraphic data 
collected in 2018. Magnetostratigraphic data and rock unit numbers are based on correlations with the rocks at nearby Fitterer Ranch (Skinner 1951; 
Prothero 1996), and the stratigraphic distribution of mammalian faunae is based on interpretations from this study and prior work at Fitterer Ranch 
(Korth et al. 2019). Gradational shading for the magnetostratigraphic and biostratigraphic data reflects general uncertainty in each of those datasets. 
Abbreviations: C, Chron; n, normal polarity; Or4, latest Orellan NALMA; r, reverse polarity; Wh1, early Whitneyan NALMA. 
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discontinuous intervals include green to brown mudball 
masses. Portions of these sandstones are massive, while 
other areas display distinct trough crossbedding developed 
above basal channel lags consisting of gravel to cobble 
sized grains. Many of those grains within the channel lags 
are reworked rock fragments derived from erosion of the 
underlying beds. These sandstones are highly fossiliferous, 
most commonly containing numerous bones from rhinoc-
erotids. Microvertebrate fossils are also abundant within 
these sandstones, and while the vertical weathering profile 
of these rocks makes surface collection of fossils difficult, 
screen washing methods have proven highly effective at 
recovering fossils from these rocks. As a result, these rocks 
produced the most diverse rodent fauna yet identified at 
Obritsch Ranch. These sandstone beds are situated above 
a series of interbedded mudstone and silty sandstone beds 
that correspond to subunit 6A of Skinner (1951) at Fitterer 
Ranch, which were considered the basal-most unit in the 
informal “Schefield Member” of Stone (1973). In some lo-
cations at Fitterer Ranch, there are laterally discontinuous 
sandstone stringers in the middle to upper portion of sub-
unit 6A that are of similar composition and stratigraphic 
position as these sandstone beds at Obritsch Ranch, sug-
gesting this facies was locally pervasive at Obritsch Ranch 
and largely absent at Fitterer Ranch. Given the position 
of these sandstone beds in subunit 6A, the fauna recov-
ered from these rocks is from a higher stratigraphic inter-
val than that reported from sampling interval 6 at Fitterer 
Ranch, which was collected from subunits 5E and 5F.

Sampling Interval 3.—The base of sampling interval 3 
is placed at the top of the green to gray sandstone beds of 
sampling interval 2. The rocks of this sampling interval 
consist of pinkish silty mudstone beds, with silt content 
(and cementation) being highest at the base of the interval 
and decreasing vertically through the interval. Most fos-
sils collected from this interval were surface collected as 
float from an extensive bench developed at the base of the 
interval, though fossils do weather out from the entirety of 
this interval. The top of this interval is placed at a discon-
tinuous layer of siltstone nodules present within the upper 
portion of these pinkish mudstones, and in the local area 
there are no overlying rocks present that could have con-
taminated this sample with fossils from a younger interval. 
Subunits 6B and 6C at Fitterer Ranch were described by 
Skinner (1951) as hard, pink siltstones capped by a zone of 

concretions, matching the rocks here referred to sampling 
interval 3. Thus, the fauna collected from these rocks is 
the stratigraphically highest fauna sampled from either Fit-
terer Ranch or Obritsch Ranch to date.

Potential Biases.—The largest potential bias in this study 
that impacts comparisons between faunae from the differ-
ent sampling intervals at Obritsch Ranch and comparison 
to those previously published from nearby Fitterer Ranch 
is the different collection methodologies employed at each 
sampling interval. Surface collection of fossilized rodent 
specimens tends to favor collection of more complete 
specimens of relatively larger taxa (e.g., ischyromyids, 
cricetids, castorids). Alternatively, screen washing of fos-
siliferous rock units tends to produce mostly isolated teeth 
from relatively smaller rodent taxa (e.g., heliscomyids, eo-
myids, florentiamyids). The ideal solution is to apply both 
methodologies within each sampling interval; however, 
this is not always possible given variations in lithology, 
depositional environment, cementation, and fossil abun-
dance within each sampling interval. In this study, sam-
pling intervals 1 and 3 were sampled exclusively via sur-
face collection because no rocks were identified in those 
intervals that both contained a high abundance of micro-
vertebrate fossils and were relatively weakly cemented. 
Alternatively, sampling interval 2 was sampled almost 
exclusively via screen washing because most of the rocks 
within that interval were resistant to erosion and weath-
ered into a nearly vertical profile, resulting in any fossils 
that do weather out being quickly lost down slope. It is 
important that these sampling differences be taken into 
consideration when comparing the faunae recovered from 
each interval, as well as when making comparisons to the 
rodent faunae reported from different sampling intervals 
at Fitterer Ranch that were also subjected to different sam-
pling intervals. 
 Another potential bias that must be considered when 
comparing both between sampling intervals at Obritsch 
Ranch and when comparing to the rodent faunae from Fit-
terer Ranch is the potential bias of different depositional 
environments on the recovered faunae. As noted in the Fit-
terer Ranch study (Korth et al. 2019), all the screen washed 
rocks were channel sandstones, while most of the sur-
face collected rocks were mudstones and siltstones from 
the adjacent floodplains or drier, upland environments. 
Therefore, faunal differences between sampling intervals 
that were studied using different sampling methodologies 
could also represent environmental differences. Addition-
ally, the erosional nature and depositional environment of 
channel sandstone deposits could result in specimens be-
ing reworked from older rocks or transported into the area 
from distant regions.

Fig. 2.—Lower dentition of Ischyromys typus from Obritsch Ranch, 
NDGS 2974, right dentary with p4-m3. Anterior is to the right.
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SYSTEMATIC PALEONTOLOGY
Order Rodentia Bowdich, 1821

Family Ischyromyidae Alston, 1876
Genus Ischyromys Leidy, 1856

Ischyromys typus Leidy, 1856
(Fig. 2; Table 1)

Referred Specimens.—NDGS 2974, dentary with p4–
m3; NDGS 2975 and 2976, dentaries with m1–m3; NDGS 
4049, dentary with p4–m2 (heavily worn); NDGS 2973, 
partial dentary with m2–m3; NDGS 2977, dentary frag-
ment with m1.

Occurrence.—Sampling intervals 1 and 3.

Discussion.—The specimens referred here do not dif-
fer in dental morphology from Ischyromys typus samples 
throughout western North America. In size, the dental mea-
surements are well within the limits of collections from 
other localities, but near the upper limit (Heaton 1996). 
The size best fits the samples from the Little Badlands of 
southwestern North Dakota and Slim Buttes of northwest-
ern South Dakota (Heaton 1996: fig. 5). This is not sur-
prising, seeing that these latter collections are among the 
nearest geographically to Obritsch Ranch. However, speci-
mens from nearby Fitterer Ranch, North Dakota average 
slightly smaller than those from Obritsch Ranch (Korth et 
al. 2019: table A1). 

Family Aplodontiidae Brandt, 1855
Subfamily Prosciurinae Wilson, 1949

Genus Ninamys Vianey-Laud, Gomes, and Marivaux, 
2013

Ninamys sp., cf. N. annectens (Korth, 1989)
(Fig. 3; Table 2)

Campestrallomys annectens Korth, 1989
Ninamys annectens (Korth), Korth, 2019 

Referred Specimens.— NDGS 2963, maxilla with P3–
M2; NDGS 4051, maxilla with P3–M1; NDGS 2407 and 
2411, M1 or M2; NDGS 2406, 2409, p4 (partial); NDGS 
2410, 2412, m1; NDGS 2403, 2964, m2; NDGS 2408, 
2475, 2498, m3.

Occurrence.—Sampling intervals 1 and 2.

Description.—P3 is circular in occlusal outline with a 
single central cusp (Fig. 3A). The wear facet is only on 
the posterior half of the apex of the cusp. P4 is similar in 
size to the upper molars, just slightly less wide but typi-
cally expanded anteriorly at the anterobuccal corner of 
the tooth (Fig. 3A). The anterocone is rounded anteriorly 
and flattened posteriorly. There is a minute parastyle at the 
posterobuccal corner of the anterocone. A narrow trans-
verse valley separates the anterocone from the protoloph. 
The protoloph consists of a large paracone that is weakly 
rounded buccally and a smaller protoconule that is slightly 
transversely compressed. The paracone and protoconule 
are connected via a short transverse loph that connects the 
posterolingual corner of the former to the posterobuccal 
corner of the latter. The protocone is crescentic, extend-
ing nearly the entire lingual length of the tooth. A short 
spur extends anterolingually from the buccal center of the 
cusp to join the posterobuccal corner of the protoconule. 
There is no indication of a protocone crest. The mesostyle 
is small and triangular-shaped at the center of the buccal 
margin of the tooth, blocking the central transverse valley. 
The metaloph consists of the metacone and metaconule, 
the latter being slightly larger. The metaconule is circular 
in occlusal outline and the metacone shows a slight amount 
of flattening along the buccal side with a minute loph ex-
tending posteriorly from the posterobuccal corner of the 
tooth. The metacone and metaconule are attached along 
their anterior margins from the anterolingual edge of the 
metacone to the anterobuccal edge of the metaconule. The 
metaconule contacts the center of the posterior cingulum at 
the posterocentral point of the cusp. The metaloph does not 
connect with either the protoloph or protocone. There is no 

Table 1. Dental measurements of Ischyromys typus from Obritsch Ranch. Measurements in mm. 
Abbreviations: L, anteroposterior length; W, transverse width.

NDGS# p4L p4W m1L m1W m2L m2W m3L m3W p4– m3

2973 4.19 4.04 3.40

2974 4.17 3.08 4.42 3.76 4.22 3.93 4.44 3.63 17.42

2975 3.94 4.01 4.27

2976 4.15 4.14 4.33 3.90 4.23 18.54

2977 4.19 3.93

4049 4.15 3.73 3.73 3.33 3.92 3.82

Mean 4.16 3.41 4.09 3.74 4.13 3.88 4.25 3.52 17.98
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distinct hypocone, but there is a small wear facet posterior 
to the apex of the protocone along the posterior cingulum 
that runs from the posterobuccal corner of the protocone 
along the posterior margin of the tooth, ending at the pos-
terobuccal extension of the metacone.
 M1 lacks the anterocone of P4 (Fig. 3A). The anterior 
cingulum runs from the anterobuccal corner of the tooth 
where there is a minute parastyle along the anterior margin 
of the tooth and ends even with the apex of the protocone 
where it bends posteriorly to join the latter. There is no in-
dication of a protocone crest on NDGS 2963, but it is pres-
ent on the M1 of NDGS 4051 and there is a slight buccal 
bend in the cingulum anterior to the protocone in the two 
other referred specimens. The valley between the anterior 
cingulum and protoloph is thin and shallow. The cusps of 
the protoloph are very similar to those of P4 except that 
the buccal slope of the paracone is dominated by a curving 
loph (ectoloph) that runs from the anterobuccal corner of 
the paracone, then bends buccally at the apex of the cusp 
and bends posterobuccally, joining the anteroposteriorly 
elongated mesostyle at its anterior end. On NDGS 2963, 
there is a minute loph running posterolingually from the 

posterior edge of the mesostyle that ends before reaching 
the metaloph. The cusps of the metaloph are as in P4. The 
metaconule is even larger relative to the metacone than in 
P4. Due to the later stage of wear, there is a minute con-
nection between the anterolingual corner of the metacone 
with the lingually extending loph from the protocone. The 
protocone is also as in P4 with a small, distinct hypocone 
posterior to it. 
 M2 of the NDGS 2963 is virtually identical to M1 except 
for a slightly larger and more distinct hypocone and a min-
ute accessory cuspule along the buccal margin, just posteri-
or to the mesostyle (Fig. 3A). The two isolated upper molars 
cannot be assigned to either M1 or M2 with confidence. The 
only difference between these two isolated molars and those 
of NDGS 2963 is that there is a slight bend in the anterior 
arm of the protocone before it reaches the anterior cingu-
lum, similar in position to the protocone crest, but there is 
no buccal extension.
 Neither of the two p4s is complete. On NDGS 2409 the 
trigonid is complete and the metaconid and protoconid are 
rounded and equal in size (Fig. 3C). There is no anteroconid 
present, and the valley between the cusps closes posteriorly. 
A distinct metastylid is present on both specimens connect-
ed along the lingual margin of the tooth to the metaconid 
by a distinct metastylid crest. The hypoconid is the largest 
cusp and is obliquely oriented at the posterobuccal corner of 
the tooth (Fig. 3B). The ectolophid runs diagonally from the 
posterolingual corner of the protoconid to the anterolingual 
corner of the hypoconid. A distinct, rounded mesoconid 
is present at its center. The entoconid is anteroposteriorly 
compressed. The hypolophid extends buccally and slightly 
posteriorly from the entoconid, joining the center of the pos-
terior cingulid where a distinct hypoconulid is present. The 
lingual end of the posterior cingulid does not fuse with the 
entoconid on the lingual side of the tooth.
 Three of the four specimens of m1or m2 are isolated, 
but one specimen, NDGS 2412, is retained in a fragment 
of the dentary and can be identified as an m1 (Fig. 3D). Be-
cause of this, the m1s can be separated from the m2s as in 
N. annectens (Korth 2019). Both molars are slightly wider 
than long and follow the general prosciurine pattern. The 
anterior width is always less than the posterior width. The 
metaconid is anteroposteriorly compressed and continuous 
with the anterior arm of the protoconid along the anterior 
margin of the tooth (metalophulid I). On the two specimens 
of m1 (NDGS 2410, NDGS 2412), the posterior arm of the 
protoconid extends lingually for a short distance, leaving 
the trigonid basin open posteriorly (Fig. 3E). On the re-
ferred m2s (NDGS 2403, NDGS 2964), the trigonid basin 
is closed posteriorly by the posterior arm of the protoconid 
(metalophulid II). However, both specimens have a greater 
amount of wear than the specimens of m1. On the lingual 
side of the tooth, the metastylid crest ends in a small me-
sostylid. On two of the specimens, one m1 (NDGS 2412) 
and one m2 (NDGS 2964), there is a second, larger me-
sostylid that is not continuous with the metastylid crest 
(Fig. 3D). The entoconid is anteroposteriorly compressed 

Fig. 3.—Cheek teeth of Ninamys sp., cf. N. annectens from Obritsch 
Ranch. A, NDGS 2963, maxilla with left P3–M2; B, NDGS 2409, right 
p4 (partial); C, NDGS 2406, right p4 (partial); D, NDGS 2412, left m1; 
E, NDGS 2410, right m1; F, NDGS 2475. right m3.
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and the hypolophid extends buccally from it. On the m1s, 
it curves posteriorly, meeting the posterior cingulid at its 
center forming a distinct hypoconulid. On the m2s, the 
hypolophid extends across the talonid basin, joining the 
ectolophid at the posterolingual corner of the mesoconid. 
The hypolophid is lower than the other lophs on the tooth. 
The hypoconid is obliquely compressed at the posterobuc-
cal corner of the tooth. The ectolophid extends from the 
posterolingual corner of the protoconid to the anterior arm 
of the hypoconid, with a distinct, central mesoconid. On 
the heavily worn specimen of m2 (NDGS 2403), there is 
a short loph extending posteriorly from the center of the 
metalophulid II into the center of the talonid. On the little 
worn specimens there is some irregularity of the enamel in 
the central basin, arising from the ectolophid.
  The m3s are distinguished from the anterior molars by 
the posterior expansion of the tooth, posterior to the hypo-
lophid, where the posterior cingulid bows posteriorly (Fig. 
3F). The remainder of the occlusal morphology is very 
similar to that of m2. The posterior arm of the protoconid is 
long but ends just short of fusing with the base of the meta-
conid, forming a transversely elongated trigonid basin. 
The hypolophid is as in m2, joining the mesoconid, but is 
higher than in m2. On only one specimen (NDGS 2498) is 

there an accessory mesostylid. On all the specimens, the 
larger mesostylid is separated from the posterior end of the 
metastylid crest and is relatively large.

Discussion.—This species is referable to Ninamys based 
on the diagnosis of the genus having a partial ectoloph on 
the upper molars, m1 and m2 wider than long, closed or 
nearly closed trigonid on the lower cheek teeth, and con-
nection of the hypolophid to the mesoconid on m2 and m3 
(Vianey–Liaud et al. 2013; Korth 2019). It is closest to the 
North American N. annectens in both size and morphol-
ogy, is not as lophate as the Eurasian N. kazimieri and N. 
daxnerae, and has the mesostylid variably doubled as in N. 
annectens. Although there are no specimens of dentaries 
that preserve both m2 and m3 from the Obritsch Ranch 
sample, the average length of m3 is only about 5 percent 
greater than that of m2 (Table 2). In other species of Nina-
mys, as in Prosciurus and other prosciurines, the m3 is 
approximately 20 percent longer than m2. Because of the 
slight difference in size of the lower cheek teeth, the Ob-
ritsch Ranch sample of Ninamys is referred tentatively to 
N. annectens.
 All other occurrences of Ninamys in North America 
are from the late Orellan (=early-middle Oligocene; Korth 

Table 2. Dental measurements of Ninamys sp., cf. N. annectens from Obritsch Ranch. Measurements in mm. Abbreviations: L, 
anteroposterior length; W, transverse width;*, M1 or M2. 

NDGS # P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W

2407* 1.54 2.03

2411* 1.6 1.92

2963 0.91 0.96 1.79 2.03 1.39 2.08 1.42 2.10 — —

4051 0.75 0.76 1.77 2.16 1.45 2.13

Mean 0.83 0.86 1.78 2.10 1.50 2.04 1.42 2.10

NDGS # p4L p4W m1L m1W m2L m2W m3L m3W

2403 1.56 —

2406 1.50 —

2408 1.56 1.41

2409 — 1.51

2410 1.79 1.78

2412 1.62 1.77

2475 1.75 1.36

2498 1.90 1.45

2964 1.63 1.65

Mean 1.50 1. 51 1.71 1.78 1.60 1.65 1.74 1.41
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1989, 2019), slightly older than the Eurasian occurrence 
where the genus ranges from the middle to late Oligocene 
(Vianey–Liaud et al. 2013).

Family Sciuridae Fischer de Waldheim, 1817
Subfamily uncertain

Genus Hesperopetes Emry and Korth, 2007

Hesperopetes blacki Emry and Korth, 2007
(Figs. 4A–B)

Referred Specimens.—NDGS 2489, left p4; NDGS 
2460, right m1 or m2.

Occurrence.—Sampling interval 2. 

Description.—The p4 is longer than wide (Fig. 4A), and 
the anterior width is greater than the posterior width (an-
teroposterior length = 1.16 mm; transverse width = 1.05 
mm). The metaconid, protoconid, and anteroconid are 
closely packed along the anterior margin of the tooth and 
approximately equal in size; the anteroconid is situated 
between the other cusps, slightly smaller, and more an-
terior. A distinct mesostylid is near the center of the lin-
gual side of the tooth, connected to the metaconid by a 
distinct lophid running along the lingual side of the tooth 
(=metastylid crest). The ectolophid is a low, anteroposteri-
orly running ridge along the buccal side of the tooth with a 
small, central, laterally compressed mesoconid. Numerous 
minute lophules fill the central basin of the tooth, radiating 

from the lingual, posterior and buccal sides of the tooth. 
The posterior cingulid is a curved ridge that runs in an arc 
from the hypoconid to the entoconid around the posterior 
margin of the tooth. The hypoconid is small and slightly 
transversely compressed. 
 The only m1 is heavily worn (Fig. 4B), so little of the 
occlusal morphology is preserved, but there is evidence of 
the crenulated enamel in the talonid basin as well as a min-
ute anteroconid and small, closed trigonid as in the topo-
typic material of this species (Emry and Korth 2007). In 
size (anteroposterior length = 1.25 mm; transverse width = 
1.16 mm), it is similar in length to the holotype of the spe-
cies, but is narrower transversely, apparently due to poor 
condition of the specimen (Emry and Korth 2007: table 1).

Discussion.—In size and morphology, these specimens do 
not differ from the type material from South Dakota, or 
the referred material from North Dakota (Emry and Korth 
2007; Korth et al. 2019).

Hesperopetes jamesi Emry and Korth, 2007
(Fig. 4C)

Referred Specimen.—NDGS 2481, left M3.

Occurrence.—Sampling interval 2.

Measurements.—Anteroposterior length = 1.75 mm; 
transverse width = 1.85 mm.

Discussion.—The morphology of this tooth does not vary 
from that previously described for H. jamesi (Emry and 
Korth 2007). In size it is slightly smaller than the previously 
described specimens from the Whitneyan of South Da-
kota (Emry and Korth 2007: table 1; Korth 2014: table 7) 
but clearly larger than specimens of H. blacki. Korth et 
al. (2019) included a partial m3 from Fitterer Ranch in H. 
blacki that was slightly larger than typical for that species 
(USNM PAL 642820). It is possible the latter tooth be-
longs to H. jamesi.

Subfamily Cedromurinae Korth and Emry, 1991
Oligospermophilus Korth, 1987

Oligospermophilus sp. 
(Fig. 4D)

Referred Specimen.—NDGS 2454, left M1 or M2.

Occurrence.—Sampling interval 2.

Measurements.—Anteroposterior length = 1.11 mm; 
transverse width = 1.37 mm.

Description.—The occlusal outline of the tooth is roughly 
rectangular, the width being slightly greater than the length 
(Fig. 4D). The anterior cingulum runs nearly the entire 
length of the tooth along the anterior margin to a point 

Fig. 4.—Cheek teeth of Hesperopetes and Oligospermophilus from Ob-
ritsch Ranch. A–B, H. blacki. A, NDGS 2489, left p4; B, NDGS 2460, 
right m1 or m2. C, H. jamesi, NDGS 2481, left M3. D, Oligospermophi-
lus sp., NDGS 2454, left M1 or M2.
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even with the apex of the protocone. A small, anteropos-
teriorly compressed parastyle is present at the buccal end 
of the anterior cingulum. The protoloph runs from the an-
teroposteriorly compressed paracone to the anterobuccal 
corner of the protocone and is slightly curved posteriorly. 
There is no indication of a protoconule. The protocone is 
slightly crescentic and continuous from its posterobuccal 
corner with the metaloph that runs buccally and posteriorly 
to meet with the metacone along the buccal edge of the 
tooth. There is no distinct metaconule, but there is a min-
ute wear facet near the center of the metaloph that would 
correspond with one. As with the paracone, the metacone 
is slightly anteroposteriorly compressed. At the center of 
the buccal margin of the tooth is a large mesostyle that is 
connected to the paracone by a low, curved lophule that 
runs from the posterobuccal corner of the paracone to the 
anterolingual corner of the mesostyle. The hypocone is 
a small swelling posterior and slightly buccal to the pro-
tocone. The posterior cingulum runs from the hypocone 
along the posterior margin of the tooth to the center of the 
posterior edge of the metacone.

Discussion.—The upper molar referred here differs little 
from those of other species of the genus (Korth 1987, 
2014). However, it is markedly smaller than any previ-
ously reported upper molars (Korth 1987: table 1; Korth 
2014: table 6). The only morphological difference between 
it and that of other species is that the metaloph is continu-
ous with the protocone; it is either not continuous or only 
weakly so in other species. This specimen likely represents 
a new species of Oligospermophilus but cannot be named 
at this time due to its poor representation. Elsewhere, Oli-
gospermophilus has been reported from the Chadronian 
and Orellan of Nebraska, and Whitneyan of Wyoming and 
South Dakota (Korth 1987, 2014).

Family Castoridae Hemprich, 1820
Genus Oligotheriomys Korth, 1998

Oligotheriomys magnus (Wood, 1937)
(Fig. 5)

Referred Specimen.—NDGS 2427, right M1 or M2.

Occurrence.—Sampling interval 2. 

Measurements.—Anteroposterior length = 4.24 mm; 
transverse width = 5.85 mm; buccal crown-height = 2.08 
mm; lingual crown-height = 4.89 mm.

Description.—The tooth is unilaterally hypsodont, the lin-
gual height being more than double the buccal height (Fig. 
5A). The tooth is moderately to heavily worn (both the me-
soflexus and hypoflexus are still open). The occlusal sur-
face has a long, central, J-shaped mesoflexus and a shallow 
hypoflexus that is angled anterobuccally (Fig. 5B). On the 
anterior half of the tooth are two smaller fossettes, a trans-
versely elongated buccal fossette, and a circular lingual 

fossette. On the posterior half of the tooth three fossettes 
are present. On the buccal side are two small ovate fos-
settes (transversely elongated), and lingually there is a 
single large circular fossette that is continuous with a min-
ute fossette that is connected to it along the posterobuccal 
edge.

Discussion.—This upper molar (NDGS 2427) is similar 
in size to that of the holotype of O. primus, FAM 64016 
(Korth 1998; =O. magnus; see Korth et al. 2019). It dif-
fers from the latter in having a slightly less complex occlu-
sal pattern with fewer fossettes. However, it appears that 
this difference is only due to the degree of wear on NDGS 
2427. FAM 64016 has minimal wear (Korth 1998: fig. 1), 
whereas NDGS 2427 is more heavily worn, with some of 
the minor fossettes having been eliminated.

Family Eomyidae Winge, 1887
Genus Adjidaumo Hay, 1930

Adjidaumo minimus (Matthew, 1903)
(Figs. 6A–E; Table 3)

Referred Specimens.—NDGS 2367, 2370, 2377, 2453, 
2492, P4; NDGS 2173, 2362, 2363, 2369, 2373, 2375, 
2380, 2447, 2456, 2488, 4041, 4044, M1 or M2; NDGS 
4046, M3; NDGS 2365, 2399, 2448, 2464, p4; NDGS 
2167, 2364, 2368, 2372, 2374, 2379, 2451, 2486, 2487, 
2494, 4042, 4043, 4047, m1 or m2; NDGS 2466, right m3.

Occurrence.—Sampling interval 2.

Discussion.—The dentition of A. minimus has been well 
described and documented from the Chadronian (Matthew 
1903; Wood 1937; Black 1965; Korth et al. 2015), Orellan 
(Korth 2019), and Orellan/Whitneyan (Korth et al. 2019). 
The material from Obritsch Ranch most closely approaches 
that from the later occurring Fitterer Ranch, North Dakota 
(Korth et al. 2019). This is the third record of A. minimus 

Fig. 5.—Oligotheriomys magnus, NDGS 2427, right M1 or M2. A, pos-
terior view; B, occlusal view.
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from later than the Chadronian, the other references are 
from Montana (Tabrum et al. 1996; Korth 2019) and North 
Dakota (Korth et al. 2019), suggesting this species per-
sisted in the northern montane areas of North America, and 
not in the central and northern plains.

Genus Paradjidaumo Burke, 1934

Paradjidaumo (Macroadjidaumo) obritschorum, new 
species

(Figs. 6F–J; Table 4)

Type Specimen.—NDGS 2965; left dentary with i1, p4–
m1.

Referred Specimens.—NDGS 2474, left P4; NDGS 
2457, m1; NDGS 2361, 2378, m2; NDGS 2366, 2376, m3.

Occurrence.—Sampling intervals 2 and 3

Diagnosis.—Small species, near size of P. nanus; p4 wider 
than long, proportionally shorter than in any other species 
(L/W = 0.88); high-crowned molars (ht/W = 0.36).

Etymology.—Named in recognition of the Obritsch fam-
ily for their continued support of paleontological research 
by the North Dakota Geological Survey on their property.

Description.—The dentary is shallow (depth below m1 = 
3.41 mm). The masseteric scar is typically a U-shape, end-
ing anteriorly just below mid-depth of the dentary, below 
the center of p4 (Fig. 6J). The mental foramen is minute 
and just anterior of the center of the diastema, slightly be-
low the dorsal surface of the diastema. 
 The incisor is much narrower across than deep (0.64 
mm transverse width versus 1.27 mm depth). The enamel 
is along the nearly flattened anterior surface and extends 
up about one-third the lateral side.
 The cheek teeth are high-crowned for the genus (mean 
ht/width = 0.36; range = 0.32–0.41), equaling that of the 
type species P. trilophus (Korth 2013: table 1), but are 
smaller than any other species. The p4 is only slightly short-
er than long, and wider posteriorly than anteriorly (Fig. 
6G). The protoconid and metaconid are equal in size and 
flattened medially. A minute, anteroposteriorly oriented 
trigonid basin is between the trigonid cusps and closed 
posteriorly and open narrowly, anteriorly. The hypoconid 
and entoconid are similarly equal in size, the hypoconid is 
crescentic in occlusal outline, and the entoconid oval (an-
teroposteriorly compressed). The ectolophid runs from the 
posterior side of the protoconid to the anterior hypoconid, 
forming a small V-shape. A short mesolophid extends from 
the apex of the V into the talonid basin. The posterior cin-
gulid only consists of a very short lophid that extends di-
rectly posterior from the center of the hypolophid. 
 The m1 is nearly square in occlusal outline, being only 
slightly wider than long (Fig. 6G; Table 4). The width of 
the metalophid is slightly less than that of the hypolophid. 
The anterior cingulid is directly connected to the protoco-
nid at its buccal end and extends lingually along the an-
terior margin of the tooth to a point just short of the apex 
of the metaconid. Both the metaconid and protoconid are 
anteroposteriorly compressed, and connected by a straight, 
transversely oriented metalophid that joins the apices of 
the cusps. The ectolophid is as in p4, forming a V-shape 
with a mesolophid at the apex extending lingually. The 
mesolophid is longer than that of p4 but does not reach the 
lingual side of the tooth. The hypoconid is crescentic, as 
in p4, but the entoconid is nearly circular in occlusal out-
line. The hypolophid bows posteriorly, running from the 

Fig. 6.—Cheek teeth and dentary of eomyids from Obritsch Ranch. A–E, 
Adjidaumo minimus. A, NDGS 2456, right M1 or M2; B, NDGS 2492, 
right P4; C, NDGS 2466, right m3; D, NDGS 2487, right m1 or m2; 
E, NDGS 2365, right p4. F–J, Paradjidaumo obritschorum. F, NDGS 
2474, left P4; G, NDGS 2965 (holotype), left p4-m1; H, NDGS 2361, 
left m2; I, NDGS 2376, left m3; J, NDGS 2965 (holotype), lateral view 
of dentary. Anterior to right in A-E; anterior to left on F-J. Figure 6J to 
different scale (below). 
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Table 3. Dental measurements of Adjidaumo minimus from Obritsch Ranch. Measurements in mm. Abbreviations: CV, coefficient 
of variation; L, anteroposterior length; M, mean; Max, maximum measurement; Min, minimum measurement; N, number of  

specimens; SD, standard deviation; W, transverse width.

P4L p4W M1 or 
M2L

M1 or 
M2W

M3L M3W

N 5 4 12 10 1 1

M 0.80 0.86 0.91 0.98 0.62 0.84

Min 0.74 0.75 0.83 0.90

Max 0.88 0.90 1.01 1.03

SD 0.06 0.07 0.05 0.05

CV 7.28 8.24 5.30 4.92

dp4L dp4W p4L p4W m1 or 
m2L

m1 or 
m2W

m3L m3W

N 1 0 4 3 12 12 1 1

M 0.67 — 0.80 0.71 0.97 0.93 0.87 0.81

Min — — 0.75 0.67 0.79 0.82 — —

Max — — 0.90 0.74 1.06 1.06 — —

SD — — 0.07 0.04 0.07 0.08 — —

CV
— — 8.54 5.31 6.88 9.08 — —

Table 4. Dental measurements of Paradjidaumo. Measurements in mm. Abbreviations: L, anteroposterior length; 
W, transverse width.

Paradjidaumo obritschorum

NDGS # P4L P4W

2474 1.02 1.08

NDGS # p4L p4W m1L m1W m2L m2W m3L m3W

2965 0.95 0.99 1.08 1.11

2366 0.9 0.87

2376 0.89 0.95

2378 1.24 1.26

2361 1.22 1.21

2457 — —

Mean 0.95 0.99 1.08 1.11 1.23 1.24 0.90 0.91

Paradjidaumo trilophus

NDGS # p4L p4W m1L m1W m2L m2W m3L m3W p4–m3L

4050 1.56 1.31 1.31 1.35 1.26 1.36 5.77
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posterolingual corner of the hypoconid to the posterobuccal 
corner of the entoconid. A short posterior cingulid originates 
from the hypolophid lingual to its center and ends at the 
level of the buccal edge of the entoconid.
 The specimens referred to m2 differ from the m1 of the 
holotype in being slightly larger and having a shorter pos-
terior cingulid (Fig. 6H), typical of other species of the 
genus. The mesolophid on the referred m2s is like that of 
m1 of the holotype and ends well short of the lingual side 
of the tooth.
 The m3 is typically reduced in size with the posterior 
cingulid nearly absent and the hypoconid reduced in size 
relative to the anterior molars, making the tooth narrower 
posteriorly (Fig. 6I).

Discussion.—Other than its small size, P. obritschorum is 
referable to the subgenus Macroadjidaumo Korth, 2013, 
based on the relative size of p4 (only 88 percent the length 
of m1), m1 and m2 approximately equal in width and length 
(wider in subgenus Paradjidaumo), and the relatively high-
er crown-height of the molars. The specimens differ from 
the other known species of this subgenus in being slightly 
smaller (Table 4; Kelly 2010: table 4; Korth 2013: table 
9), and having m1 and m2 essentially equal in width and 
length. In the other recognized species, P. (M.) alberti Rus-
sell, 1954, and P. (M.) reynoldsi Kelly, 1992, the m1 and m2 
average from 2.5 to 7.0 percent longer than wide.
 The Whitneyan occurrence of P. (Macroadjidaumo) at 
Obritsch Ranch is much later than the reported occurrences 
of the other species, being from to the Duchesnean and 
Chadronian (Russell 1954; Kelly 1992; Korth 2013). 
Geographically, the occurrence of P. (M.) obritschorum is 
nearest that of P. (M.) alberti from southern Saskatchewan 
(Russell 1954).

Paradjidaumo (Paradjidaumo) trilophus (Cope, 1873a)
(Fig. 7; Table 4)

Referred Specimen.—NDGS 4050, right dentary with i1, 
p4–m2.

Occurrence.—Sampling interval 1.

Discussion.—The size and morphology of the lower 
cheek teeth does not differ from that of large samples of P. 
trilophus from other localities (Wood 1937; Black 1965; 
Korth 1980, 2013; Korth et al. 2019). The only variation 
is that the relative length of p4 to m1 (p4L/m1L = 1.19) 
is greater than previously reported for P. trilophus or any 
other species. The maximum for P. trilophus is 1.04, and 
for the genus is 1.12 (Korth 2013: table 5).

Family Heliscomyidae Korth et al., 1991
Genus Heliscomys Cope, 1873b

Heliscomys sp., cf. H. vetus Cope 1873b
(Figs. 8A–D; Table 5)

Referred Specimens.—NDGS 2393, 2493, M2; NDGS 
2165, right m1; NDGS 2382, 4038, m2; NDGS 2390, right 
m3.

Occurrence.—Sampling interval 2. 

Discussion.—This species is distinguished from other 
species of the genus by its small size (Table 5) and the lack 
of stylar cusps on M2 (Wood 1935; Korth 1989, 1995). 
Although similar in size to specimens of H. senex from 
nearby Fitterer Ranch (Korth et al. 2019: table A10), M2 
of the latter always has stylar cusps, which are lacking on 
the specimens from Obritsch Ranch (Fig. 8A).

Heliscomys medius Korth, 2007
(Figs. 8E–K; Table 6)

Referred Specimens.—NDGS 2491, 4040, P4; NDGS 
2162, 2163, 2381, 2473, 2485, 4034, 4037, M1; NDGS 
2387, 2450, 4033, 4035, M2; NDGS 4039, left M3; NDGS 
2164, 2166, 2384, 2388, 2391, 2465, 2468, 4045, m1; 
NDGS 2131, 2178, 2383, 2389, 2392, 2467, 2499, 4032, 
m2; NDGS 2386, right m3.

Occurrence.—Sampling interval 2. 

Description.—Only one of the two specimens of P4 is 
complete, NDGS 4040 (Fig. 8H). NDGS 2491 has the 
paracone broken away. The tooth is dominated by a large, 
central hypocone. It is surrounded by a small, buccal meta-
cone, anterocentral paracone, and lingual hypostyle. The 
latter three cusps are all much smaller than the hypocone 
(the hypostyle being the largest) and conical in shape.
 M1 is the largest of the upper molars (Fig. 8G). The four 
main cusps (paracone, protocone, metacone, and hypocone) 

Fig. 7.—Paradjidaumo trilophus from Obritsch Ranch, NDGS 4050, 
right dentary with i1, p4–m2. A, occlusal view of p4–m2; B, lateral view 
of dentary. Anterior to right on both figures. Figures to different scales 
(below each figure).
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are equal in size and circular in occlusal outline with a 
deep central transverse valley separating the cusps of the 
protoloph from those of the metaloph. The paracone is 
slightly more buccally placed than the metacone. The an-
terior cingulum originates at the anterobuccal corner of the 
tooth, just anterior to the apex of the paracone and extends 
lingually to the anterolingual corner of the tooth where it 
bends posteriorly and follows the lingual margin of the 
tooth to the base of the hypostyle. At the anterolingual cor-
ner of the tooth is a minor swelling of the cingulum (=pro-
tostyle). There is a prominent hypostyle that is circular 

in outline and only slightly smaller than the main cusps. 
Although aligned, the cusps of the protoloph and metaloph 
are only weakly joined, with no distinct transverse loph. 
The posterior cingulum consists of a short loph originating 
from the posterobuccal margin of the hypocone and ex-
tending buccally to the posterobuccal corner of the tooth, 
never fusing with the metacone.
 M2 is smaller than M1, nearly square in outline, but 
still wider than long. The four main cusps are arranged as 
in M1 (Fig. 8F). The anterior cingulum is continuous with 
the lingual cingulum wrapping around the anterobuccal 

Table 5. Dental measurements of Heliscomys sp., cf. H. vetus from Obritsch Ranch. Measurements in mm. Abbreviations: L, 
anteroposterior length; W, transverse width.

NDGS # M2L M2W

2493 0.66 0.83

2393 0.65 0.78

NDGS # m1L m1W m2L m2W m3L m3W

2165 0.85 0.80

2382 0.69 0.77

2390 0.62 0.60

4038 0.67 0.69

Table 6. Dental measurements of Heliscomys medius from Obritsch Ranch. Measurements in mm. Abbreviations: CV, coefficient 
of variation; L, anteroposterior length; M, mean; Max, maximum measurement; Min, minimum measurement; N, number of  

specimens; SD, standard deviation; W, transverse width.

P4L P4W M1L M1W M2L M2W M3L M3W

N 1 2 7 7 4 4 1 1

M 0.65 0.80 1.03 1.18 0.81 0.95 0.85 1.06

Min 0.78 0.95 1.07 0.76 0.91

Max 0.81 1.16 1.28 0.85 0.98

SD 0.07 0.08 0.05 0.04

CV 7.04 7.06 5.79 3.72

m1L m1W m2L m2W m3L m3W

N 8 7 8 8 1 1

M 1.07 1.00 0.94 1.02 0.70 0.76

Min 0.98 0.94 0.87 0.95

Max 1.19 1.10 1.00 1.15

SD 0.06 0.05 0.04 0.07

CV 5.97 5.25 4.46 6.50
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corner of the tooth and extending the full length of the 
tooth lingually, then turning buccally at the posterolingual 
corner of the tooth, joining the posterolingual corner of the 
hypocone. There are no distinct stylar cusps, but there is a 
slight swelling on the cingulum, lingual to the hypocone. 

The posterior cingulum is limited to a short, curved ridge 
that runs from the posterobuccal corner of the hypocone 
and joins the center of the posterior edge of the metacone. 
 Only one specimen, NDGS 4039, can be identified as an 
M3 of the species (Fig. 8E). The posterior half is reduced, 

Fig. 8.—Cheek teeth of Heliscomys from Obritsch Ranch. A–D, Heliscomys sp., cf. H. vetus. A, NDGS 2393, left M2; B, NDGS 2390, right m3; C, 
NDGS 2382, right m2; D, NDGS 2165, right m1. E–K, H. medius. E, NDGS 4039 left M3 (reversed); F, NDGS 2387, right M2; G, NDGS 2162, right 
M1; H, NDGS 4040, left P4 (reversed); I, NDGS 2386, right m3; J, NDGS 2178, right m2; K, NDGS 2166, right m1. Anterior to right on all figures.
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typical of other species. The paracone is slightly obliquely 
compressed, and continuous with the anterior cingulum 
that extends lingually from the anterolingual corner of the 
paracone. The cingulum wraps around the entire lingual 
side of the tooth, then extends along the posterior edge of 
the tooth, ending along the posterior side of the metacone. 
There is a large, isolated protocone near the center of the 
tooth that is only slightly anteroposteriorly compressed. At 
the center of the buccal border of the tooth is a large me-
sostyle. It is closely positioned posterior to the paracone 
and separated from the metacone by a narrow transverse 
valley. The most unusual feature of this cusp is its size; it is 
round in occlusal outline and equal to the paracone in size.
 There are no specimens of p4 in the collection. The 
m1s and m2s can be separated from one another based on 
size (m1 larger) and proportions (m1 longer than wide; m2 
wider than long). On m1, the major cusps are subequal in 
size (Fig. 8K), the hypoconid being only barely larger than 
the other cusps. The four main cusps (metaconid, protoco-
nid, entoconid, and hypoconid) are arranged in two weakly 
developed transverse lophs, metalophid and hypolophid. 
The anterior cingulid originates along the anterior edge of 
the tooth anterior to the apex of the metaconid, extends 
lingually, then wraps around the anterobuccal corner of the 
tooth, extends posteriorly to a point approximately even 
with the protoconid where it ends in a small protostylid. 
There is a break in the buccal cingulid after the protostyl-
id that is continuous with the central transverse valley of 
the tooth. Posterior to this break in the buccal cingulid, is 
a small hypostylid, variable in size but usually approxi-
mately equal to the protostylid. Extending from the poste-
rior side of the hypostylid is a cingulid that bends around 
the posterobuccal corner of the tooth and continues along 
the posterior edge, ultimately fusing with the apex of the 
entoconid. The height of the posterior cingulid is variable 
and on a few specimens there is a minute cuspule along it 
between the hypoconid and entoconid (=hypoconulid).
 In overall occlusal morphology, m2 is very similar to 
m1 (Fig. 8J). Other than the proportions of the tooth, the 
biggest difference appears to be in the development of the 
anterior and posterior cingulids. The anterior cingulid is 
lower than in m1 and more closely appressed to the met-
alophid. Similarly, the posterior cingulid is closer to the 
posterior side of the cusps of the hypolophid and is often 
interrupted by the posterior margin of the hypoconid, reap-
pearing between the bases of the hypoconid and entoconid 
as a short lophulid.
 There is only a single m3 available from this collection 
(NDGS 2386: Fig. 8I). It differs from the anterior molars 
in having a much reduced hypolophid. Both cusps are dis-
tinctly smaller than the metalophid cusps and the posterior 
width is narrower than the anterior width. The anterior cin-
gulid is reduced to a short loph between the metaconid and 
protoconid, and the buccal cingulid is a low ridge around 
the anterobuccal corner that ends posteriorly before reach-
ing the posterobuccal corner of the tooth. There are no dis-
tinct cingulid cusps.

Discussion.—This is the first recognition of lower molars 
of H. medius, which has previously been known only from 
upper cheek teeth (Korth 2007; Korth et al. 2019). The 
lower molars do not differ markedly from those of other 
species of Heliscomys but are assigned here to H. medius 
based on size and likely association with the recognized 
upper teeth from Obritsch Ranch.
 The specimens from Obritsch Ranch differ from the 
type material from South Dakota only in the slightly better 
development of the hypostyle on P4 (Korth 2007: fig. 3A). 
The average width of P4 relative to that of M1 for the Ob-
ritsch Ranch sample is 67%, only slightly larger than that 
previously reported for H. medius (50–64%; Korth 2007). 
In size, this species is larger than specimens of H. borealis 
from nearby Fitterer Ranch (Table 6; Korth et al. 2019: 
table A12).

Family Heteromyidae Gray, 1868
Subfamily Harrymyinae Wahlert, 1991

Genus Proharrymys Korth and Branciforte, 2007

Proharrymys sp., cf. P. fedti (Macdonald, 1963)
(Figs. 9–11; Tables 7–8)

Referred Specimen.—NDGS 2962, partial cranium with 
rostrum, palate, both orbital walls and parietals, incisors 
and left and right P4–M3. 

Occurrence.—Sampling interval 3.

Description of cranium.—Dorsal: The nasals are lacking 
but their outline is preserved along the nasal-premaxillary 
suture (Fig. 9A). The nasals are narrow and parallel-sided, 
flaring only slightly at the anterior end. They extend poste-
riorly approximately to the anterior edge of the orbit. The 
nasofrontal suture forms a zig-zag pattern. The premaxil-
laries extend just slightly more posteriorly with a similar 
suture pattern with the frontal. The maxilla is lateral to 
the premaxilla but does not extend as far posteriorly. The 
dorsal surfaces of the frontals are flat, but there is no indi-
cation of a supraorbital flange. The minimum postorbital 
width is near the center of the anteroposterior length of 
the frontals, which flare posteriorly. Only a fragment of 
the frontal-parietal suture is preserved on the right side of 
the skull. 
 Lateral: The diastema is 8.00 mm in length with a flat 
ventral surface that curves slightly downward just poste-
rior to the incisors (Fig. 9C). The zygomatic arch is fully 
sciuromorphous, sloping anterodorsally. The maxillary-
premaxillary suture runs from the anterodorsal point of the 
maxilla, sloping slightly anteriorly for about half the depth 
of the rostrum, then slopes slightly posteriorly to the base 
of the rostrum. The infraorbital foramen is expanded ante-
riorly by a rostral perforation (height = 1.6 mm; length = 
1.4 mm). It is oriented nearly vertically, with a slight an-
terodorsal tilt. Posterior and ventral to the infraorbital fora-
men is a slight swelling for the attachment of the masseter. 
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Fig. 9.—Proharrymys sp., cf. P. fedti, NDGS 2962, partial cranium from Obritsch Ranch. A, dorsal view; B, ventral view; C, left lateral view. Anterior 
to the left on all figures. Abbreviations: aal, anterior alar fissure; eth, ethmoid foramen; ifo, infraorbital foramen; in, incisive foramen; op, optic foramen; 
pom, posterior maxillary foramen; ppl, posterior palatine foramen; ptf, pterygoid fossa; rp, rostral perforation. 
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Much of the orbital wall is missing particularly in the an-
terodorsal corner in the area of the lacrimal foramen. The 
frontal-maxillary suture runs posteroventrally from the an-
terodorsal corner of the orbit as an irregular line. A small 
opening for the infraorbital canal (ifc) is dorsal to the ante-
rior margin of M1 just below the frontal-maxillary suture 
(Fig. 10B). It is blocked laterally by the base of the zygo-
matic arch and is only visible from above. Posterior and 
ventral to the posterior opening for the infraorbital canal 
is the sphenopalatine foramen (spl) within the maxilla, just 
above M1. Dorsal to M2, and much higher, is a small eth-
moid foramen which is within the frontal-orbitosphenoid 
suture (Figs. 9C, 10A). The dorsal palatine foramen (dpl) 
is along the maxillary-palatine suture, dorsal to M2. The 
alisphenoid is along the posterior wall of the orbit and ex-
tends well dorsal to the ethmoid foramen (eth). Ventral and 
slightly posterior to the ethmoid foramen is an oval optic 
foramen (op) within the orbitosphenoid, dorsal to M3. The 
anterior opening of the sphenoidal fissure is just posterior 
and ventral to the optic foramen, dorsal to M3 (only pre-
served on the right side of the skull).
 Ventral: The incisive foramina (in) are near the center 
of the anteroposterior length of the diastema (Fig. 9B) and 
are approximately 31% the total length of the diastema. 
They are narrow, elongated slits situated along the center-
line. The swelling for the attachment of the masseter is 
directly lateral to the foramen. The maxillary-premaxillary 
suture is irregular (zig-zag) and intersects the incisive fo-
ramen just anterior to its posterior margin. It extends later-
ally, reaching the anterior margin of the attachment of the 
masseter, and its path never extends posterior to the inci-
sive foramen. The palatal surface between the tooth rows 
is slightly concave upward, but nearly flat. The palatine 
extends anteriorly to the level of the posterior part of P4. 
There are multiple posterior palatine foramina (ppl). The 
most anterior are within the maxilla, along the palatine-
maxillary suture. Posterior to these, on both sides of the 
palate, are several additional, smaller foramina. The first is 
very small and just posterior to the anterior foramen, along 
the suture, but within the palatine. Posterior to it is another 
larger foramen, entirely within the palatine, medial to the 

suture. The most posterior foramina are minute, entirely 
within the palatine, and aligned directly posterior to the 
larger foramina. On the left side, there appear to be two 
minute foramina and three on the right. On the left side, 
the posterior maxillary foramen (pom) is an elongated slit 
that extends lingually from the lateral side of the palate 
just posterior to M3, for slightly more than the width of the 
tooth. On the right side the foramen is closed laterally, but 
on the left side this cannot be determined due to damage of 
the specimen. Posterior to the posterior maxillary foramen 
is a larger depression (=pterygoid fossa).

Description of dentition.—The cheek teeth are brachy-
dont and follow the general pattern of geomyoid rodents 
with two transverse rows of cusps, separated by a deep 
central valley (Fig. 11). P4 is submolariform. The proto-
loph consists of a large, central protocone and a smaller 
paracone on its anterolingual slope. The protoloph is 
separated from the metaloph by a deep transverse valley 
that curves anteriorly at its lingual end, separating the 
protocone from the hypostyle. The metacone, hypocone, 
and hypostyle form a continuous loph. The metacone is 
anteroposteriorly compressed along the buccal margin of 
the tooth. The hypocone is the largest of the cusps, circular 
in outline, and centered along the posterior margin of the 
tooth. The hypostyle is anteriorly elongated and continu-
ous posteriorly with the hypocone. A short posterior cingu-
lum is low on the crown, along the posterior margin of the 
tooth between the apices of the metacone and hypocone.
 M1 is the largest of the molars and its occlusal surface is 
dominated by the protoloph and metaloph, both consisting 
of two large, transversely aligned cusps. The central trans-
verse valley is blocked lingually by the lingual cingulum. 

Table 8. Dental measurements of Proharrrymys sp., cf. P. 
fedti, NDGS 2962. Measurements in mm. Abbreviations: L, 

anteroposterior length; W, transverse width.

Left Right

P4L 1.13 1.13

P4W 1.24 1.25

M1L 1.02 1.00

M1W 1.35 1.41

M2L 0.98 0.97

M2W 1.29 1.31

M3L 0.84 0.85

M3W 1.10 1.11

P4-M3L 4.13 4.29

I1L 2.07 2.03

I1W 2.06 2.08

Table 7. Cranial measurements of Proharrrymys sp., cf.  
P. fedti, NDGS 2962. Measurements in mm.

Length of diastema 8.00

Length of incisive foramen 2.51

Anterior rostral width 4.52

Posterior rostral width 5.23

Maximum rostral height 7.08

Width of postorbital constriction 5.20

Height of cranium at M2 7.59
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The anterior cingulum is low on the tooth, originating 
buccally anterior to the paracone and extending lingually 
along the anterior side of the tooth before wrapping around 
the lingual side, ending at the posterolingual corner of the 
hypocone. However, there is a shallow break in the cin-
gulum lingual to the protocone. Just anterior to this break 
is a small, compressed stylar cusp. Posterior to the break 
is the larger entostyle that is a laterally compressed swell-
ing along the lingual cingulum. A short posterior cingu-
lum runs along the posterior margin of the tooth from the 
posterolingual corner of the hypocone for a short distance, 
ending at a point even with the apex of the metacone.
 M2 is slightly smaller than M1, and shorter anteropos-
teriorly. It has the same general occlusal pattern as that of 
M1 but lacks the stylar cusps and posterior cingulum of the 
latter.

 M3 is the smallest of the molars. The cusps of the proto-
loph and lingual cingulum are as in M2. The posterior half 
of the tooth is greatly reduced. The metacone is a slight 
swelling along the buccal margin of the tooth, posterior 
to the paracone. The hypocone is barely recognizable as 
a low, round swelling in the center of the basin formed by 
the protoloph and posterior margin of the tooth.

Discussion.—The upper cheek teeth of NDGS 2962 most 
closely approach those of the early Arikareean Proharry-
mys wahlerti Korth and Branciforte, 2007, in morphology. 
However, they differ in the presence of stylar cusps and in 
being slightly larger in size (Table 8; Korth and Branciforte 
2007: table 7). Two other species have been referred to 
this genus, “Proheteromys” fedti Macdonald, 1963, from 
the early Arikareean of South Dakota and “Heliscomys” 
schlaikjeri Black, 1961, from the Arikareean of Wyoming. 
The former is known only from a single dentary (Macdon-
ald 1963), and the latter from a single maxilla with P4–
M2 (Black 1961). The NDGS specimen differs from P. 
wahlerti in being larger and differs from both P. wahlerti 
and “H.” schlaikjeri in having distinct stylar cusps on M1. 
NDGS 2962 is closest in size to “Proheteromys” fedti, but 
because it is known only from lower dentition, no direct 
comparisons can be made. Therefore, NDGS 2962 is re-
ferred only tentatively to P. fedti until additional speci-
mens can be recovered for comparison.

Generic allocation of Heliscomys schlaikjeri.—Black 
(1961) named Heliscomys schlaikjeri from the Arikareean 
of Wyoming based on a maxillary fragment with P4–M2 
(MCZ 7335), including it in the family Heteromyidae. He 
noted that it was larger than other species of the genus and 
it was the latest known occurrence for the genus at the 
time. More than two decades later, Wahlert (1984) named 
a new, primitive genus of florentiamyid, Kirkomys, and 
referred “H.” schlaikjeri to it. After another two decades, 
Korth and Branciforte (2007) named a new genus of het-
eromyid, Proharrymys, and transferred “H.” schlaikjeri to 
it along with “Proheteromys” fedti from the Arikareean of 
South Dakota. Since that time, “H.” schlaikjeri has been 
included in either Kirkomys or Proharrymys without dis-
cussion (Flynn et al. 2008; Korth 2008, 2014). No addi-
tional material of “H.” schlaikjeri has ever been recovered, 

Fig. 10.—Medial orbital wall of cranium of Proharrymys sp., cf. P. fedti, 
NDGS 2962. A, lateral view; B, dorsolateral view. Abbreviations: dpl, 
dorsopalatine foramen; eth, ethmoid foramen; ifc, infraorbital canal; op, 
optic foramen; spl, sphenopalatine foramen. Scale bars  = 2 mm. 

Fig. 11.—Upper left cheek teeth of Proharrymys sp., cf. P. fedti, NDGS 
2962. Anterior is to the right.
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so all generic (and familial) allocations have been based 
on the holotype.
 In dental morphology, the upper cheek teeth of the ho-
lotype of “H.” schlaikjeri have a basic geomyoid pattern 
of transverse rows of cusps separated by a central trans-
verse valley, and are like that of Heliscomys, Kirkomys, 
and Proharrymys. One of the features that Wahlert (1984) 
noted that separated K. schlaikjeri from the type species 
was the curvature of the base of the zygomatic arch. In 
the type species, K. milleri (later referred to K. nebrasken-
sis [Wood, 1937], by Korth and Branciforte [2007]), the 
maximum curvature of the posterior margin of the zygo-
matic arch was anterior to the tooth row, and in K. sch-
laikjeri it was lateral to P4 (Wahlert 1984: figs. 2–3). The 
same position of curvature (anterior to the tooth row) as 
in K. nebraskensis (=milleri) has been figured for species 
of Kirkomys elsewhere (Korth and Branciforte 2007: fig. 
5B; Korth 2014: fig. 8C). The position of the zygomatic 
arch in the skull of Proharrymys described herein is even 
with the anterior margin of P4, more like that of the type 
of “H.” schlaikjeri and Proharrymys. Due to this similarity 
in morphology, it appears best to refer “H.” schlaikjeri to 
Proharrymys.

Family Cricetidae Fischer de Waldheim, 1817
Subfamily Eumyinae Simpson, 1945

Genus Eumys Leidy, 1856

Eumys brachyodus Wood, 1937
(Fig. 12; Table 9)

Referred Specimens.—NDGS 4010, skull fragment (pal-
ate) with right I1, M1–M3 and left I1, M1–M2; NDGS 
2989, 4005, 4009, 4052, maxilla with M1–M3; NDGS 
4003 maxilla with M2–M3; NDGS 4004, partial maxilla 
with I1, partial M1; NDGS 3000, maxillary fragment with 
partial M1; NDGS 4054, M1; NDGS 2978, 2980, 2981, 
2985, 2987, 2988, 2994, 4001, 4002, 4011, 4015, dentary 
with i1, m1–m3; NDGS 2983, 2990, 2992, 2995, 2997–
2999, 4006, 4008, 4012, 4016, 4053, dentary with m1–
m3; NDGS 2979, 2986, 2991, 2993, 2996, 4007, 4013, 
4014, partial dentary with m2–m3; NDGS, 4018, 4048, 
dentary with i1, m1–m2; NDGS 4017, partial dentary with 
i1, m1; NDGS 2982, dentary fragment with m2.

Occurrence.—Sampling intervals 1–3.

Discussion.—The sample of Eumys brachyodus from Ob-
ritsch Ranch differs very little in size or morphology from 
other large samples of E. brachyodus previously report-
ed from South Dakota (Korth 2010a), Nebraska (Korth 
2018), and North Dakota (Korth et al. 2019). As with other 
populations of E. brachyodus, it is similar in size to the 
Orellan E. elegans but differs from it in the proportions of 
m1 (wider relative to length than E. elegans; Korth 2010a: 
table 2, appendix; Korth 2018: tables 1–2; Korth et al. 
2019: tables A13, A14) and morphology of the anteroconid 

Table 9. Dental measurements of Eumys brachyodus from Obritsch Ranch. Measurements in mm. Abbreviations: CV, coefficient 
of variation; L, anteroposterior length; M, mean; Max, maximum measurement; Min, minimum measurement; N, number of 

specimens; SD, standard deviation; W, transverse width.

M1L M1W M2L M2W M3L M3W M1-M3L

N 4 6 8 8 6 6 3

M 3.12 2.13 2.21 2.15 1.80 2.01 7.27

Min 2.93 1.92 2.05 1.92 1.68 1.80 7.06

Max 3.43 2.24 2.51 2.25 1.91 2.29 7.54

SD 0.22 0.12 0.16 0.13 0.08 0.17 0.24

CV 7.00 5.61 7.16 5.90 4.50 8.20 3.36

m1L m1W m2L m2W m3L m3W m1-m3L m1 W/L

N 22 23 34 34 33 30 26 22

M 2.45 1.90 2.23 2.11 2.40 2.05 7.05 0.77

Min 2.22 1.72 1.91 1.91 2.18 1.84 6.30 0.72

Max 2.67 2.15 2.47 2.35 2.66 2.25 7.53 0.83

SD 0.14 0.12 0.13 0.11 0.13 0.11 0.27 0.03

CV 5.64 6.34 5.90 5.36 5.45 5.22 3.86 4.08
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and metalophid on m1 (more commonly doubled in E. 
brachyodus: Korth 2018: fig. 6; Korth et al. 2019: fig. 15). 
In size, the dental measurements of the Obritsch Ranch 
sample most closely compares with that of the North Da-
kota sample (Korth et al. 2019: tables A13, A14), averag-
ing slightly larger in all measurements than the Nebraska 
and South Dakota samples, but not significantly so. The 
double connection of the metalophid to the anteroconid on 
m1 of the Obritsch Ranch sample occurs in 16 percent of 
the specimens, slightly less than in the other samples of 
E. brachyodus, which occur from 19 to 38 percent of the 
specimens; clearly much more than in E. elegans (Korth 
2018: fig. 6).

Genus Scottimus Wood, 1937

Scottimus sp., cf. S. ambiguus (Korth, 1981)
(Figure 13; Table 10)

Referred Specimens.—NDGS 2398, right M2; NDGS 
2404, left M3; NDGS 2446, left m1; NDGS 2405, 4036 
(partial) m2; NDGS 2400, 2402, m3.

Occurrence.—Sampling interval 2.

Description.—M2 (NDGS 2398) is longer than wide and 
heavily worn (Fig. 13A). The anterior cingulum extends 
for nearly the entire width of the tooth along the anterior 
border ending just short of the buccal and lingual edges. 
The buccal cusps (paracone, metacone) are slightly antero-
posteriorly compressed, while the lingual cusps are larger 
and circular in occlusal outline. The anterior arms of the 
paracone and protocone join the anterior cingulum just 
lingual to its center. A longitudinal loph extends directly 
posteriorly from the center of the paracone to the center of 

the metacone. Similarly, the endoloph extends posteriorly 
from the posterior arm of the protocone to the anterior arm 
of the hypocone, paralleling the buccal loph. The metaloph 
runs directly transversely from the center of the metacone 
to the center of the hypocone. The posterior cingulum runs 
from the posterobuccal corner of the hypocone to the buc-
cal edge of the tooth, but does not fuse with the metacone.
 The only m1 (NDGS 2446) is little-worn. It is elon-
gated and narrower anteriorly than posteriorly (Fig. 13B). 
The anteroconid is central at the anterior end of the tooth 
and connected via a narrow lophid to the anterobuccal side 
of the metaconid. The metaconid is obliquely compressed 
and there is a distinct lophid running directly posterior 
from it along the lingual margin of the tooth which ends 
before reaching the entoconid. The protoconid is oval in 
outline and connected to the center of the posterior edge of 
the metaconid by an extension of the posterior arm of the 
protoconid that curves slightly anteriorly. The ectolophid 
runs posteriorly and slightly buccally to join the anterior 
arm of the hypoconid. There is no distinct mesoconid, but 
a short mesolophid extends lingually from the center of the 
ectolophid, ending well short of the base of the metaconid. 
The entoconid is oval in outline and obliquely oriented, its 
anterobuccal arm joining the ectolophid just posterior to 
its center. The hypoconid is crescentic in outline. The pos-
terior arm of the hypoconid extends lingually for a short 
distance but does not reach the entoconid. Just short of the 
end of the posterior arm of the hypoconid is a lophid that 
extends directly posteriorly and joins the posterior cingu-
lid, which runs to the edge of the tooth and joins the apex 
of the entoconid lingually from this junction, but only a 
short distance buccally. 
 The only complete m2 (NDGS 2405) is so heavily 
worn that no details of the occlusal surface can be deter-
mined. This tooth was referred to this species only based 
on its similar size although its dimensions have likely been 
greatly reduced by the extreme wear.
 There are two specimens referable to m3, NDGS 2400 
and NDGS 2402, the former being complete, the latter 

Fig. 12.—Cheek teeth of Eumys brachyodus from Obritsch Ranch. A, 
NDGS 2989, left M1–M3; B, NDGS 2990, left m1–m3. Anterior is to 
the right.

Table 10. Dental measurements of Scottimus sp., cf. S. 
ambiguus from Obritsch Ranch. Measurements in mm. Ab-
breviations: L, anteroposterior length; W, transverse width.

NDGS # M2L M2W

2398 1.57 1.42

NDGS # m1L m1W m2L m2W m3L m3W

2405 1.01 0.78

2400 1.80 —

2402 1.53 1.14

2446 1.85 1.19
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being heavily worn and partially broken. The anterior 
half of NDGS 2400 resembles that of m2 (Fig. 13C). The 
anterior arms of the protoconid and metaconid join the 
anterior cingulid, but unlike m2, they do not meet one an-
other but attach to the cingulid separately. The posterior 
arm of the protoconid (=metalophulid II) extends lingually, 
not quite reaching the lingual edge of the tooth. A low lo-
phid extends posteriorly from the lingual side of the meta-
conid along the lingual edge of the tooth, joining the en-
toconid. The posterior half of the tooth is much narrower 
than the metalophid. Both the entoconid and hypoconid 
are reduced in size, particularly the former. The ectolophid 
extends directly posteriorly from the posterior arm of the 
protoconid to the anterior arm of the hypoconid. A distinct 
ectomesolophid extends buccally from its center. The hy-
polophid runs anterobuccally from the entoconid, joining 
the ectolophid at the anterolingual corner of the hypoconid. 
The posterior cingulid originates at the posterolingual arm 
of the hypoconid and wraps around the posterior end of the 
tooth, joining the posterior side of the entoconid along the 
lingual margin.

Discussion.—The morphology of the molars referable to 
Scottimus from Obritsch Ranch does not differ from that 
of other species of the genus. However, there is some dif-
ference in the size of the molars relative to previously de-
scribed species. In overall size, the Obritsch Ranch ma-
terial is smaller than previously described species, most 
nearly approaching the dental dimensions of S. ambiguus 
(Table 10; Korth, 1981: tables 3, 4). However, both the M3 
and m3 from the Obritsch Ranch sample are proportion-
ally smaller, relative to the anterior molars than in other 
species. It is likely that the Obritsch Ranch material repre-
sents a new species, but it is too poorly known at this time 
(seven isolated molars). For convenience, the material is 
tentatively referred to the otherwise Orellan S. ambiguus.

CONCLUSIONS

Variation between sampling intervals at Obritsch 
Ranch.—There are some minor changes in the rodents 
recovered from different sampling intervals at Obritsch 
Ranch; however, there is some inherent sampling error in-
volved owing to the collection methods employed at each 
sampling interval, as was outlined above. Those differenc-
es could impact the resulting faunal data in several ways. 
First, sampling intervals 1 and 3 are likely to be biased to-
wards collection of larger-bodied rodent taxa (e.g., Eumys, 
Ischyromys), while sampling interval 2 is likely to be bi-
ased towards smaller-bodied rodent taxa (e.g., Adjidaumo, 
Heliscomys). Second, the higher rodent diversity noted 
from sampling interval 2 (Fig. 14) is likely influenced in 
part by the more intensive sampling methods employed. 
Those factors make it difficult to say with certainty what 
the full stratigraphic ranges of small-bodied taxa (e.g., 
Heliscomys medius) are at Obritsch Ranch. Alternatively, 
the absence of rodent taxa from sampling interval 2 that 
are present in one of the other sampling intervals is more 
likely to be significant given the more intensive sampling 
methods employed on those rocks. 
 Ischyromys typus and Eumys brachyodus are the only 
species present in all sampling intervals at Obritsch Ranch 
(Fig. 14). Paradjidaumo trilophus is restricted to sampling 
interval 1 and is replaced in the local section in sampling 
intervals 2 and 3 by the smaller species Paradjidaumo ob-
ritschorum. Other species with restricted stratigraphic dis-
tributions include Ninamys sp., cf. N. annectens (sampling 
intervals 1 and 2) and Proharrymys sp., cf. P.  fedti (sam-
pling interval 3). In the cases of both P. trilophus and P. cf. 
P. fedti, if these species were present in sampling interval 2 
it is likely that some evidence would have been recovered. 
Overall, only minor changes in the rodent assemblage at 
Obritsch Ranch through time are noted in this study. 

Fig. 13.—Molars of Scottimus sp., cf. S. ambiguus from Obritsch Ranch. A, NDGS 2398, right M2; B, NDGS 2446, left m1; C, NDGS 2402, left m3. 
Anterior to right in A and C, to the left in B.
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Comparison of Obritsch Ranch and Fitterer Ranch 
rodent assemblages.—The rodent assemblage at Fitterer 
Ranch was recently described from stratigraphically con-
trolled samples collected from seven distinct sampling 
intervals (Korth et al. 2019). The vertical extent of well-
exposed outcrops of the Brule Formation varies between 
these two locations (Murphy et al. 1993), with the exposed 

Fitterer Ranch section extending slightly lower (older) and 
the exposed Obritsch Ranch section extending slightly 
higher (younger). The overall rodent assemblage at Fit-
terer Ranch is similar in age to the Obritsch Ranch rodent 
assemblage, with both localities preserving largely Whit-
neyan faunae (Korth et al. 2019; this study). In terms of 
the composition of the rodent assemblages from these two 

Fig. 14.—Stratigraphic distribution of rodent taxa within the Brule Formation at the Fitterer Ranch and Obritsch Ranch paleontological localities in 
Stark County, North Dakota. Black lines indicate occurrence at Fitterer Ranch, gray lines indicate occurrence at Obritsch Ranch, and dashed lines indi-
cate inferred presence of a taxon based on presence in older and younger sampling intervals. Abbreviations: SI, sampling intervals.
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locations, there appears to be a significant difference. Of 
the 14 rodent species identified from Obritsch Ranch in 
this study and the 19 rodent species previously identified 
from Fitterer Ranch (Korth et al. 2019), only eight are in 
common (Fig. 14). 
 Both Eumys brachyodus and Ischyromys typus are pres-
ent in all sampling intervals at both locations. Perhaps the 
most significant difference between these assemblages 
is in the aplodontiids and sciurids. The Fitterer Ranch 
assemblage contains the aplodontiids Altasciurus and 
Prosciurus, whereas the only aplodontiid present at Ob-
ritsch Ranch is Ninamys. Similarly, the sciurid Cedromus 
is known from Fitterer Ranch but not at Obritsch Ranch, 
while Oligospermophilus is known from Obritsch Ranch 

and not Fitterer Ranch. The only sciurid present at both 
localities is Hesperopetes; however, it should be noted that 
all the sciurids are relatively rare components of these as-
semblages, only represented by a few isolated teeth col-
lected from screen washed sites. 
 The eomyids also vary between these locations. Adji-
daumo minimus is present throughout the section at Fitter-
er Ranch and from sampling interval 2 at Obritsch Ranch. 
Paradjidaumo trilophus is also known from all sampling 
intervals at Fitterer Ranch, but it is limited to sampling 
interval 1 at Obritsch Ranch and is replaced by Paradji-
daumo obritschorum in sampling intervals 2 and 3. Adji-
daumo minutus, again, is present throughout the section at 
Fitterer Ranch but is completely absent at Obritsch Ranch. 

Table 11. Whitneyan rodent species and their distributions in well-described North American faunae. Abbreviations: †, species 
also reported from other locations; Ar, Arikareean biozone; BA, Blue Ash local fauna; CP, Cedar Pass local fauna; FRA, Fitterer 
Ranch Fauna A; FRB, Fitterer Ranch Fauna B; FRC, Fitterer Ranch Fauna C; HR, Harris Ranch units B through D; IP, inferred 

presence of species based on presence in older and younger faunae; NBU, species is not biostratigraphically useful as it is present 
in older and younger faunae; Or, Orellan biozone; ORB, Obritsch Ranch Fauna B; SB, Slim Buttes unit F; WH, White Hills local 

fauna.

Taxon Or WH FRA FRB FRC ORB SB CP HR BA Ar

Agnotocastor coloradensis X X
IP

Metadjidaumo hendryi X X

Eumys elegans X X X NBU

Adjidaumo minimus X X X X X
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Adjidaumo minutus X X X X

Altasciurus relictus† X X

Cedromus wardi X X

Cedromus wilsoni X X

Dakotallomys lillegraveni X X

Eumys parvidens X X

Heliscomys gregoryi X X

Heliscomys senex X X

Heliscomys vetus X X

Ischyromys typus† X X X X X X X

Leptoromys wilsoni X X

Ninamys annectens X X

Oligotheriomys magnus X X X

Paradjidaumo trilophus X X X X X X X

Prosciurus magnus† X X

Protosciurus mengi X X

Scottimus ambiguus X X

Scottimus exiguus† X X

Willeumys viduus X X X X

Wilsoneumys planidens X X
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The species of Heliscomys present at each location are also 
distinct. Heliscomys senex and H. borealis are present at 
Fitterer Ranch (ranging from sampling intervals 5–6 and 
2–6, respectively) and absent at Obritsch Ranch, while H. 
cf. H. vetus from sampling interval 2 at Obritsch Ranch 
is absent at Fitterer Ranch. The only species of Helisco-
mys in common to both localities is H. medius, which is 
known from the highest well-sampled interval at Fitterer 
Ranch (sampling interval 6) and the slightly younger sam-
pling interval 2 at Obritsch Ranch (Fig. 14). In addition 
to the abundant species Eumys brachyodus, there are two 
other cricetid taxa reported from Fitterer Ranch (Eumys 
lammersi and Willeumys viduus) and one from Obritsch 
Ranch (Scottimus sp., cf. S. ambiguus). Though the crice-
tid taxon Scottimus was not reported from Fitterer Ranch 
by Korth et al. (2019), a single specimen (NDGS 4023: 
right dentary with i1 and m1–m3) recently collected from 
subunit 6B of Skinner (1951) at Fitterer Ranch (sampling 
interval 7) is referable to that genus, indicating that Scot-
timus is present at both locations with a local first appear-
ance within subunit 6A or 6B of Skinner (1951). 

Obritsch Ranch rodents compared to other Whitneyan 
rodent faunae.—To facilitate comparison to other well-
described Whitneyan rodent faunae, the rodent assemblag-
es from Fitterer Ranch and Obritsch Ranch were subdi-
vided into discrete faunae based on stratigraphic position 
and similar taxonomic composition. This resulted in the 
recognition of three rodent faunae from Fitterer Ranch, 
with sampling intervals 1 and 2 combined into Fauna A, 
sampling intervals 4 and 5 combined into Fauna B, and 

sampling interval 6 recognized as Fauna C. Sampling In-
tervals 3 and 7 were excluded because of the low diver-
sity and small sample size from those intervals (Korth et 
al. 2019). At Obritsch Ranch, sampling intervals 2 and 3 
were combined into a single fauna (Obritsch Ranch Fauna 
B) based on their close stratigraphic positions, with sam-
pling interval 1 again excluded based on low diversity 
and sample size. This method resulted in the recognition 
of four stratigraphically stacked Whitneyan rodent faunae 
from North Dakota (though the oldest could be transitional 
Orellan/Whitneyan: Korth et al. 2019) for comparison to 
five well-described Whitneyan rodent faunae from else-
where within the Great Plains region (Table 11). For seven 
of these nine faunae, specimen counts were available, al-
lowing for comparison of relative abundance of rodent 
taxa between faunae (Table 12). 
 Obritsch Ranch Fauna B is most like Fitterer Ranch 
Fauna C, sharing six taxa in common (Table 11). Obritsch 
Ranch Fauna B shares four taxa in common with Fitterer 
Ranch Fauna A, Fitterer Ranch Fauna B, and the Blue Ash 
local fauna from southwestern South Dakota. However, 
the former two faunae largely share holdover Orellan taxa 
with Obritsch Ranch Fauna B while all taxa shared with 
the Blue Ash local fauna have Whitneyan first appear-
ances (Table 11). Thus, the similarity of the former two 
faunae with Obritsch Ranch Fauna B may be influenced 
by biogeography, while the similarity to the Blue Ash lo-
cal fauna may indicate those two faunae are similar in age 
(late Whitneyan). It is of note that Fitterer Ranch Fauna 
C shares the same four taxa in common with the Blue 
Ash local fauna and that no other Whitneyan rodent fauna 

Table 12. Local relative abundance of rodent families in well-described Whitneyan faunae. All values represent the percentage of 
specimens reported from a given fauna that are referred to each family. Abbreviations: BA, Blue Ash local fauna; CP, Cedar Pass 
local fauna; FRA, Fitterer Ranch Fauna A; FRB, Fitterer Ranch Fauna B; FRC, Fitterer Ranch Fauna C; ORB, Obritsch Ranch 

Fauna B; WH, White Hills local fauna.

Family WH FRA FRB FRC ORB CP BA

Aplodontiidae 73 4 7 2 9 13 12

Castoridae 5 0 10 <1 1 9 <1

Cricetidae 7 54 57 9 18 16 59

Cylindrodontidae 1 0 0 0 0 0 0

Eomyidae 13 31 18 73 36 4 2

Eutypomyidae 0 0 0 0 0 1 <1

Florentiamyidae 0 0 1 0 0 32 17

Heliscomyidae 1 1 <1 15 32 0 <1

Heteromyidae 0 0 0 0 1 2 0

Ischyromyidae 0 6 6 <1 1 2 0

Sciuridae 0 3 1 1 3 22 9

Family indet. 0 0 0 0 0 <1 <1

Total Specimens 388 68 366 591 123 383 873



2019                                    Korth, Boyd, and Person—rodents from oBritsCh ranCh                                     273

includes more than two of those taxa (Table 11), indicating 
that Fitterer Ranch Fauna C may also be a late Whitneyan 
fauna.
 Rodent diversity during the Whitneyan is dominated 
by aplodontiids and cricetids (Table 13); however, there is 
much variation in the relative diversity of rodent families 

between faunae (Table 14). Additionally, local abundance 
within a given fauna does not always parallel local species 
diversity. In the White Hills local fauna of Montana, only a 
single species of aplodontiid is recognized, yet that species 
accounts for 73% of all rodent specimens collected from 
that fauna (Korth and Tabrum 2017). In the Cedar Pass \

Table 13. Rodent diversity during the late Eocene and Oligocene in North America. Numbers include referrals of specimens at 
least to a specific genus, as well as inferred presence of taxa based on its presence in both younger and older faunae. Abbreviations: 

Ar, Arikareean; Ch, Chadronian; Du, Duchesnean; Or, Orellan; Wh, Whitneyan.

Family Du Ch Or Wh Ar

Aplodontiidae 3 3 13 19 24

Castoridae - 1 3 5 19

Cricetidae 1 2 9 17 16

Cylindrodontidae 8 12 2 2 1

Eomyidae 16 27 12 9 5

Eutypomyidae 5 3 2 1 1

Florentiamyidae - - 1 4 13

Geomyidae 1 1 2 2 30

Heliscomyidae 2 3 6 6 3

Heteromyidae - - - 2 18

Ischyromyidae 16 11 6 2 -

Mylagaulidae - - - - 6

Pipestoneomyidae 2 1 - - -

Protoptychidae 1 - - - -

Rodentia 3 5 3 2 2

Sciuravidae 2 2 - - -

Sciuridae 1 4 6 11 10

Simimyidae 2 1 - - -

Zapodidae 1 - - - 2

Zetamyidae - - - 1 1

Taxa Present 64 76 65 83 151
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local fauna of South Dakota, a single florentiamyid species 
is the most abundant rodent present, representing 32% of 
the specimens collected (Korth 2014). In the four North 
Dakota faunae, local abundance and local species diver-
sity closely approximate each other (Table 12 versus Table 
14). The main exception is the fact that sciurid diversity 
is relatively high (14–23%) in the Fitterer Ranch Fauna 
C and the Obritsch Ranch Fauna B, but local abundance 
of sciurids is low (1–3%). Similar trends are seen in the 
Blue Ash local fauna, where sciurids are one of the most 
diverse rodent families (nine species) and make up a small 
percentage of recovered specimens (9%) while three flo-
rentiamyid species account for 17% of rodent specimens 
(Korth, 2010b). 
 Patterns of local abundance of rodent species during the 
Whitneyan seem to be influenced in part by biogeography 
(Table 12). South Dakota faunae contain abundant speci-
mens of cricetids, florentiamyids, sciurids, and aplodonti-
ids. The two older North Dakota faunae are dominated by 
cricetids and eomyids while the two younger faunae are 
dominated by eomyids and heliscomyids. The White Hills 
local fauna is heavily dominated by aplodontiids, with 
eomyids making a secondary contribution. Some of these 
differences may result from the use of different specimen 
collection methods (e.g., surface collection versus screen 
washing), especially in cases where differences are related 
to relative body size. Differences in sampling methods 
may help explain the decrease in cricetid abundance in the 
younger two North Dakota faunae, where most collection 
was via screen washing while surface collecting (with a 
minor screen washing component) was employed in the 
two older North Dakota faunae. 
 The differential abundance of smaller-bodied taxa 
between these faunae is more difficult to attribute to 

differences in sampling methods. All four North Dakota 
faunae and the White Hills local fauna were sampled at 
least in part via screen washing (Korth and Tabrum 2017; 
Korth et al. 2019; this study), while the two South Da-
kota faunae include substantial collection from anthills 
(Korth 2007, 2014), both of which tend to favor collection 
of isolated teeth from smaller-bodied taxa. Florentiamyid 
and heliscomyid species possessed teeth that are gener-
ally similar in size, as did the smaller species of eomyids 
(e.g., Adjidaumo minimus). Thus, the near lack of eomy-
ids and heliscomyids in the South Dakota faunae despite 
the high abundance of florentiamyids is striking, as is the 
opposite pattern in the North Dakota faunae (Table 12). 
The White Hills local fauna differs as well in completely 
lacking florentiamyids and containing only a few helisco-
myid specimens even though eomyids are the second most 
common rodent family (Korth and Tabrum 2017). Thus, 
there are some biogeographic influences on the local pres-
ence or absence and relative abundance of rodents at the 
family level during the Whitneyan. It is uncertain if this 
pattern is unique to the Whitneyan as few descriptions of 
late Eocene and Oligocene rodent faunae include speci-
men counts for all taxa, inhibiting detailed comparisons. 

Whitneyan rodent biostratigraphy.—Compared to the 
preceding Orellan NALMA and the succeeding Arika-
reean NALMA, the Whitneyan NALMA has been more 
difficult to biostratigraphically define, resulting in fewer 
subdivisions (two versus four for both the Orellan and Ari-
kareean: Prothero and Emry 2004). At the time of the most 
recent review of Whitneyan biostratigraphy (Prothero and 
Emry 2004), well-sampled and described rodent faunae 
were only known from the Slim Buttes area of northwest-
ern South Dakota (Lillegraven 1970) and Harris Ranch 

Table 14. Relative diversity of rodent families in Whitneyan faunae. Abbreviations: BA, Blue Ash local fauna; CP, Cedar Pass 
local fauna; FRA, Fitterer Ranch Fauna A; FRB, Fitterer Ranch Fauna B; FRC, Fitterer Ranch Fauna C; ORB, Obritsch Ranch 

Fauna B; WH, White Hills local fauna.

Family WH FRA FRB FRC ORB CP BA

Aplodontiidae 11 18 14 14 8 10 25

Castoridae 11 0 14 7 8 10 3

Cricetidae 22 18 21 14 15 30 23

Cylindrodontidae 11 0 0 0 0 0 0

Eomyidae 33 27 21 21 15 10 10

Eutypomyidae 0 0 0 0 0 5 3

Florentiamyidae 0 0 7 0 0 5 8

Heliscomyidae 11 9 7 21 15 0 5

Heteromyidae 0 0 0 0 8 5 0

Ischyromyidae 0 18 7 7 8 5 0

Sciuridae 0 9 7 14 23 15 23

Family indet. 0 0 0 0 0 5 3
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in southwestern South Dakota (Simpson 1985). All other 
data on the Whitneyan rodent fauna came from scattered 
occurrences, resulting in many taxa being known only 
from a single locality (Prothero and Emry 2004). Since 
that time, stratigraphically constrained rodent faunae from 
South Dakota (Korth 2014), North Dakota (Korth et al. 
2019; this study), and Montana (Korth and Tabrum 2017) 
have been described and the rodents of the Blue Ash lo-
cal fauna from the upper portion of the section at Harris 
Ranch was revisited and further described (Korth 2010b). 
Those studies increase the number of well-sampled Whit-
neyan rodent faunae to nine (Table 11), and our knowledge 
of Whitneyan rodent diversity has increased from 14 taxa 
in 1994 (Korth 1994) to 83 today (Table 13: includes re-
ferrals to either the genus or species level). That increase 
provides a more extensive dataset for assessing Whitneyan 
rodent biostratigraphy and overall trends in rodent diver-
sity during the Oligocene. 
 A total of 35 rodent species are now known only from 
Whitneyan faunae and another 14 species first appear in 
the Whitneyan and persist into later NALMAs (Table 11). 
Despite this increase in known Whitneyan rodent diversi-
ty, most species are known either from a single locality (28 
species) or from a single geographic area (an additional 
12 species), restricting their biostratigraphic utility. Only 
nine rodent species are known from multiple localities 
across different geographic areas, but many of those spe-
cies still have restricted ranges. The castorid Agnotocastor 
praetereadens, the heliscomyid Heliscomys medius, and 
the sciurids Hesperopetes blacki and Hesperopetes jamesi 
are known from Whitneyan faunae in North Dakota and 
South Dakota. The aplodontiid Campestrallomys sioux-
ensis, the cricetid Scottimus lophatus, and the florentia-
myid Kirkomys nebraskensis are known from Whitneyan 
faunae in Nebraska and South Dakota. The eomyid Lep-
todontomys douglassi is known from Whitneyan faunae 
in Montana and South Dakota. Only one species, the cri-
cetid Eumys brachyodus, is widely distributed, reported 
from Whitneyan faunae in Colorado, Montana, Nebraska, 

North Dakota, South Dakota, and Saskatchewan (Gal-
breath, 1953; Korth, 1981, 2010b, 2014, 2018; Simpson, 
1985; Storer, 1996; Korth and Tabrum, 2017; Korth et al., 
2019). The only well-sampled Whitneyan fauna where 
E. brachyodus is not currently reported is unit F at the 
Slim Buttes (northwestern South Dakota), but that fauna 
does include Eumys sp. (Lillegraven 1970), so additional 
work on those specimens may reveal the presence of E. 
brachyodus in that fauna. Prior studies suggested that E. 
brachyodus was restricted to the late Whitneyan (e.g., Pro-
thero and Whittlesey 1998; Prothero and Emry 2004), but 
it is now clear that E. brachyodus was present throughout 
the Whitneyan (Table 11). The broad geographic distribu-
tion of this species coupled with its typically high relative 
abundance within individual faunae clearly demonstrate 
that E. brachyodus is the most biostratigraphically useful 
rodent species for differentiating Orellan and Whitneyan 
rodent faunae. 
 Increased understanding of Whitneyan rodent diversity 
has also impacted the temporal distribution of many Orel-
lan rodent taxa. Several taxa previously identified as last 
appearing in the latest Orellan (Prothero and Whittlesey 
1998; Prothero and Emry 2004) are now known to persist 
into Whitneyan (Adjidaumo, Ischyromys typus, Oligosper-
mophilus, Paradjidaumo, Wilsoneumys: Simpson 1985; 
Korth et al. 2019; this study) and younger faunae (Eutypo-
mys, Heliscomys, Prosciurus, Protosciurus, Tenudomys: 
Storer 2002; Bailey 2004; Korth and Branciforte 2007). 
Overall, 22 of the 71 rodent species (31%) now recognized 
from Whitneyan faunae first appear in Orellan or older 
faunae, representing a 42% survivorship of rodent species 
across the Orellan/Whitneyan transition. That rate is far 
higher than observed at any other time in the late Eocene 
and Oligocene (Table 15). The Orellan rodent fauna is also 
unique in that 14% of species (8 out of 57) first appear in 
older faunae and have their last appearance in younger fau-
nae, more than three times higher than observed in other 
late Eocene or Oligocene NALMAs (Table 15). Thus, 
Orellan and Whitneyan rodent faunae on average share 

Table 15. Comparison of relative rates of origination, survival, and extinction of rodent species during the late Eocene through 
Oligocene in North America. Calculations of first (FADs) and last (LADs) appearances do not include taxa that uniquely oc-

cur within a single biozone. The retention category tracks the portion of the fauna that originated in an earlier biozone, while the 
survival category tracks the portion of the fauna that persists into the subsequent biozone. Abbreviations: FAD, first appearance 
datum; LAD, last appearance datum; NBU, species that are not biostratigraphically useful because they first appear in an older 

biozone and persist into a younger biozone.

NALMA FADs Unique LADs NBU Retention Survival

Duchesnean 19% 58% 19% 4% 23% 23%

Chadronian 18% 63% 15% 4% 19% 22%

Orellan 28% 46% 12% 14% 25% 42%

Whitneyan 20% 49% 30% 1% 31% 21%

Arikareean 12% 77% 11% 1% 12% 12%
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more taxa in common than rodent faunae from any other 
NALMA during the Paleogene, which helps explain prior 
difficulties in distinguishing Orellan and Whitneyan ro-
dent faunae. 

Trends in Oligocene rodent diversity.—At the end of the 
Eocene, Chadronian rodent faunae included a high diver-
sity of eomyids, cylindrodontids, and ischyromyids (Table 
13). The transition to Orellan rodent faunae in the early 
Oligocene is denoted by a marked decrease of all three 
of those families, though eomyid diversity remained com-
paratively high. At the same time, the diversity of helisco-
myids doubled and aplodontiid and cricetid diversity more 
than quadrupled (Table 13). Florentiamyids made their 
first appearance in the Orellan, represented by Ecclesimus 
tenuceps (Galbreath 1948; Korth 1989; Korth et al. 1991). 
Overall, Orellan rodent faunae were dominated by species 
of aplodontiids, eomyids, and cricetids.
 The general composition of Whitneyan rodent faunae 
was similar to Orellan rodent faunae, with a few notable 
deviations. Aplodontiid and cricetid diversity continued 
to increase, eomyid and ischyromyid diversity continued 
to decline from their late Eocene peaks, and heliscomyid 
diversity remained steady. Heteromyids and zetamyids 
made their first appearances (Korth 2010b, 2014; Korth 
et al. 2019), while ischyromyids made their last appear-
ance in the Whitneyan (e.g., Korth et al. 2019). A notable 
difference between Orellan and Whitneyan rodent faunae 
is an increase in sciurid diversity, a trend that was previ-
ously noted to begin in the Arikareean (Korth 1994). The 
transition from Whitneyan to Arikareean rodent faunae is 
marked by a substantial increase in overall diversity, from 
83 to 151 currently recognized taxa, as well as a major 
shift in the relative diversity of rodent families. Aplodonti-
id, cricetid, and sciurid diversity remained stable or slight-
ly increased, but the diversity of castorids, florentiamyids, 
geomyids, and heteromyids greatly increased (Table 13). 
The mylagaulids made their first appearance during the 
Arikareean, while the cylindrodontids and eutypomyids 
made their last appearances. 
 Our knowledge of Whitneyan rodents has greatly in-
creased over the past decade. The application of screen 
washing and anthill collecting methods at Whitneyan lo-
calities, combined when possible with surface collection, 
facilitated the description of well-sampled faunae associ-
ated with detailed stratigraphic information. Those efforts 
resulted in the ability to make more accurate comparisons 
to rodent faunae from other NALMAs, improving our in-
terpretation of trends in rodent evolution during the late 
Eocene and Oligocene in North America. Continued ap-
plication of these methods, especially in highly fossilifer-
ous areas such as the Big Badlands of southwestern South 
Dakota, will continue to improve our knowledge of rodent 
diversity, local abundance, and biogeographic distribution 
during this timeframe, allowing more detailed investiga-
tions of these topics to be undertaken in the future.
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