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ABSTRACT 

A new genus of cricetid rodent previously allocated to Copemys mariae Korth and Baskin is diagnosed from late Miocene 

deposits in Oklahoma and Nebraska. Honeymys, new genus, is characterized by a first lower molar (m1) with two conulids and 

first upper molar (M1) with two conules. Cusps on upper molars are less alternate than in Copemys and extant neotomines. An 

anteroloph and mesoloph are present on M1 and a mesolophid is present on m1. A modestly developed paralophule variably 

extends from the posterior surface of the paracone. A small, fourth accessory root is occasionally developed on M1. The m3 of 

H. mariae is large and characterized by two atolls developed in the mesoflexid and posteroflexid, also present in the m3 of 

Copemys and extant sigmodontines. The earliest sigmodontines converge morphologically on early neotomines, and 

differentiating the two clades is difficult. A new parameter, the angle of alternation (AA), is introduced to quantify the relative 

alternation of lingual and labial cusp pairs on M1. On average, sigmodontines display greater upper molar cusp opposition than 

neotomines. Honeymys, with cusp pairs on M1 displaying low AAs, is considered to have originated from the common ancestor 

of Copemys and the sigmodontine cricetids, and may represent the earliest sigmodontine in North America. A review of the New 

World cricetid fossil record identifies problems and potentials in deciphering sigmodontine origins. 

 
 
 
 
 
 
 
 
 

INTRODUCTION 

 
The origin of sigmodontine rodents, the vast 

majority of which are found in Central and South 

America (Patton et al., 2015), has perplexed 

paleontologists for some time. The oldest unequivocal 

South American sigmodontines are Necromys bonapartei 

(Reig, 1978) and Kraglievichimys formosus (Barbière et 

al., 2018) from the Monte Hermoso Formation  of  

Argentina,  originally described  as Bolomys and 

Auliscomys, respectively. Barbière et al. (2018) classified 

Kraglievichimys as a phyllotinin and noted that the 

dentition of K. formosus was advanced over the likely 

ancestor for sigmodontines. Contrary to 

sigmodontine molecular phylogenies, which propose an 
ancient Miocene South American origin for 

sigmodontines in South America (Leite et al., 2014; 

Steppan et al., 2004; Steppan and Schenck, 2017), 

Barbière et al. (2018) suggested that the Monte Hermoso 

record of K. formosus did not predate about 4.0 Ma (see 

also Prevosti and Pardiñas, 2009). Although South 

American Miocene deposits with small mammals are 

known, allocated to the Huayquerian land mammal age, 

none  contain  cricetid rodents (Pardiñas et  al.,  2002, 

2017). Either primitive sigmodontine rodents remain 

undiscovered in South America or sigmodontines 
originated  in  North  America  or  Central  America,  a 
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position  argued  by  Jacobs  and  Lindsay  (1984)  and 

Baskin (1986). 

A primary difficulty in determining the origins of 
sigmodontines is the identification of unequivocal 

sigmodontine dental synapomorphies in ancient taxa. 

That identification becomes more difficult as one 

approaches the common ancestor for both neotomines 

and sigmodontines. Reig (1980), following Hershkovitz 

(1962), suggested the Oryzomyini (including at the time 

the thomasomyinins) stand near an ancestral position for 

the remaining sigmodontines. Although it may be 

impossible to assign a sigmodontine ancestor to a modern 

tribe, this was an astute perception, because a more 

complex, rather than simple, dentition was likely 
ancestral for sigmodontines, as it was for neotomines. 

Among the paleontologists who have commented on the 

possible relationships of North American Bensonomys 

and  other  taxa  with  South  American  sigmodontines, 

only Jacobs and Lindsay (1984: 269) provided a specific 

list of dental characters they identified as primitive for 

sigmodontines. These included: 1) relatively low height 

of crown, 2) strongly bifurcated anterocone on M1, 3) 

weakly bifurcated anteroconid on m1, 4) short mesoloph 

(and  mesolophid),  5)  moderately  small  M3  with  a 

minute metacone, 6) moderately large m3 with a minute 

entoconid, 7) minute accessory rootlets, especially on 
M1, and 8) a posteriorly directed short lophule on the 

paracone. The list provided by Jacobs and Lindsay 

(1984) is not unreasonable, but it does include a few 

symplesiomorphies for early cricetids, including 

characters 1 - 6 plus two characters that likely developed 

independently in various cricetid clades (7, 8). For 

example, molars of most Copemys species are 

brachydont,  often  display  short  mesolophs/ids, 

relatively small M3s, and large m3s. Although a fourth 

accessory root on M1 is common among extant 

sigmodontines and is to be expected in a sigmodontine 
ancestor, it is also present in the Clarendonian neotomine 

Lindsaymys (Kelly and Whistler, 2014) and a number of 

extinct Neotoma species as well as the extant Hodomys 

(Zakrzewski, 1993; Martin and Zakrzewski, 2019). 

Accessory roots are also occasionally developed in 

Reithrodontomys and Onychomys.  Conversely,  

Calassomys,  a  stem phyllotinin (Pardiñas et al. 2014) 

lacks accessory roots. All Copemys, as well as modern 

sigmodontines, possess a relatively elongate m3. A 

strongly bifurcated anterocone on M1 and weakly 

bifurcated anteroconid on m1 are found commonly in 

many extant peromyscinin neotomines, especially 
Peromyscus and Reithrodontomys (Hooper, 1952, 1957), 

and their relative development is often a function of wear. 

The reduced metacone on M3 and reduced entoconid on 

m3 are character states common to cricetids reducing 

M3 and m3 in size. While these characters represent 

developments    to    be    expected    in    an    ancestral 

sigmodontine, they are also evolutionary stages towards 

neotomines. The posterior paralophule (equivalent to the 

posterior arm of the paracone; Barbière et al., 2019; 
Figure 1) is absent from extant sigmodontines with 

simple dentitions, such as the sigmodontinins and 

phyllotinins, and it is unclear if it was present in their 

ancestry.  While  a  posterior  paralophule  is  present 

among the oryzomyinins with complex molars, it is also 

present in a number of Old World cricetines (Freudenthal 

et al., 1998).  Nevertheless, we agree with Jacobs and 

Lindsay (1984) that the presence of a posterior 

paralophule is important in the identification of early 

sigmodontines. 

In this paper we reallocate Copemys mariae 
Baskin and Korth (1996), a late Miocene cricetid from 

the Whisenhunt assemblage of northwestern Oklahoma 

and the Ash  Hollow Formation  of Nebraska  (Korth, 

1998), to the new genus Honeymys. Jacobs and Lindsay 

(1984) did not include data on alternation of cusps, 

although Copemys is often defined as a taxon in which 

alternation of cusps has begun (Lindsay, 1972, 2008). In 

this study, relative cusp alternation, especially on the 

upper  molars,  is  identified  as  a  critical  character 

complex  possibly distinguishing  cricetid  subfamilies. 

We also review the published fossil evidence for 

sigmodontine origins and conclude that the Jacobs and 
Lindsay (1984) and Baskin (1986) proposal that 

sigmodontines originated during the late Miocene in 

North America remains plausible. 

 
MATERIALS AND METHODS 

 
This study is based on re-evaluation of specimens 

and descriptions of Copemys mariae published by 

Dalquest et al. (1996) plus study of resin casts of 31 new 

cricetid specimens collected at the type Whisenhunt 

quarry in Oklahoma. Notes and drawings made on 

original Whisenhunt specimens by one of us (JB) were 

consulted. Three dimensional images of the C. mariae 

holotype m1 were made by C. Sagebiel (University of 

Texas, Austin) and posted to MorphoSource (Duke 

University; morphosource.org), where they were 
downloaded and transformed into the image presented 

here using the FEI Aviso program. 

A number of North American cricetid dental 

terminologies can be found in the literature (e.g., Wood 

and Wilson, 1936; Shotwell, 1967; Hershkovitz, 1962; 

Lindsay, 1972; Reig, 1977). Our nomenclature in Figure 

1 is slightly modified from Reig (1977). Major enamel 

ridges from cusps are labeled lophs/ids and minor, 
generally small and variable ridges, are considered 

lophules/ids. With the exception of the ICAMER system 

(see below), instead of using “anterior arm” and 
“posterior arm” of the protocone/id and hypocone/id, 

these structures are renamed protoloph/id and 

hypoloph/id 1 and 2, respectively; 1 is always anterior. 
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Another dental terminology published recently by 

Barbière et al. (2019) was used to complement that in 

Figure 1. Abbreviated as the ICAMER system (Iteration 
of Cuspal area with Mirror Effect and Rotation), Barbière 

et al. (2019) proposed that cricetid occlusal morphology 

was best understood as the development of repetitive 

modules known as cuspal areas. Thus, with the possible 

exception of the procingulum of m1, the development of 

every cusp, including the conules of M1, is essentially 

controlled by the same hereditary processes, in which 

“Upper labial and lower lingual cuspal areas are mirror 

images, partly rotated, of upper lingual and lower labial 

cuspal areas, respectively (Barbière et al., 2019; p. 230).” 

ICAMER nomenclature is based on unworn molars, in 
which the anatomy of connecting structures between 

cusps, such as lophs and lophids (lophs/ids) or lophules 

and lophulids, can be more clearly observed than in 

molars expressing wear. ICAMER nomenclature is 

provided in Figures 2, 3. Some of the terms are directly 

transferable between nomenclatures; for instance, the 

anterolingual loph of M1 in Figure 1 is equivalent to the 

posterior arm of the anterolingual conule in ICAMER 

terminology (Figure 

2). Likewise, anterior and posterior arms of various cusps 

(in both upper and lower molars) in ICAMER terms can 
be equivalent to the lophs/ids identified with numbers, 

such as protoloph 1 (= anterior arm of protocone) and 

protoloph 2 (= posterior arm of protocone) in traditional 
terminology. Because unworn or    minimally   worn    

molars   preserve    essentially 

embryonic occlusal configuration, it may be that some 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. Traditional cricetid dental terminology used in this study 

illustrated with the M1 and m1 of Honeymys mariae nov. 

combination. Modified from Reig (1977). In the ICAMER system 

(see Figures 3, 4), the mesoloph complex is composed of hypoloph 1 

(anterior arm of the hypocone), hypo-mesolophule, and mesostyle. 

The mesoloph in traditional terminology is equal to either the hypo- 

mesolophule alone or the fused hypo-mesolophule + mesostyle. 1 = 

median mure, 2 = median murid. 

 

initial configurations become obscured with wear, such 
___   _   _   _   _   _   _   _   _   _   _ _   _   _ _   _   _   __ 

that a named loph/id on a somewhat worn molar may 

actually be composed of more than one structure. 

Additionally, on unworn molars the origin of a particular 

loph/id is clearer than on worn teeth. For instance, in 

many advanced cricetids (such as Honeymys) the 

mesoloph on M1 is an extension of the hypocone cuspal 

area, recognized as the hypo-mesolophule (30 in Figure 
2) by ICAMER terminology, that may fuse with an 

external mesostyle (44 in Figure 2) to form the adult 

mesoloph complex, equivalent to the mesoloph 

recognized by standard terminology. An understanding 
of these kinds of relationships can lead to a better 

comprehension of dental structural evolution and 

phylogeny in cricetids. An exhaustive comparison of 
unworn molars in New World extinct and extant cricetids 

has not yet been completed, so at this point we cannot 

identify ICAMER patterns that unequivocally identify 

various cricetid subfamilies or tribes. Consequently, we 
will describe Honeymys molars predominantly using the 

modified traditional terminology in Figure 1, 

supplemented by ICAMER identifications as 
appropriate. 

Upper and lower molars are abbreviated by upper 

and lower case letters (M, m) and are numbered 

consecutively; L and R designate left and right when 

combined with molar designations. Otherwise, L 

connotes length. Enamel rings with hollow centers are 

termed “atolls,” equal to the “fossettes,” “islands,” or 

“pits” of other authors. Provergent = oriented anteriorly, 
horizontal = oriented perpendicular to anterior-posterior 

tooth axis, postvergent = oriented posteriorly. 

Cusp   alternation,   calculated   as   the angle   of 

alternation (AA), was determined for M1 

paracone/protocone (par/pr) and metacone/hypocone 
(me/hyp) cusp pairs from photographs in occlusal view. 

M1 photos were rotated until a vertical ruler in Adobe 

Photoshop bisected the center of the paracone and 

metacone wear surfaces. The angle of alternation was 
determined as the angle between a horizontal line drawn 

from the center of the paracone and metacone and 

another line drawn from the origin of the first line 
through the center of wear of the opposite cusp in each 

pair (Table 1). Detailed protocols for determining the 

AA in Adobe Photoshop are provided as Appendix 1. 

We estimate a measurement error of 10% as a result of 
unequal orientation and tilting of M1s. 
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FIGURE 2. ICAMER terminology for upper molars, represented by a left M1. After Barbière, et al. (2019). 

___    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    __    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3. ICAMER terminology for lower molars, represented by a left m1. After Barbière, et al. (2019). 

___    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    __    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _   

 
 

The ratio of m3/m2 length was determined by 

dividing the m3 length by the m2 length from Table 2. 

The terms Clarendonian, Hemphillian, Blancan are 
North America Land Mammal Ages (NALMAs). 

Chronology of NALMAs follows Lindsay et al. (2002), 

Tedford et al. (2004), Lindsay (2008: fig. 27.3), and 
Martin et al. (2008): Clarendonian (12.6 – 9.0 Ma), 

Hemphillian (9.0 – 5.0 Ma), Blancan (5.0 – 2.0 Ma). 

MWSU = Midwestern State University; TMM = 

University of Texas, Texas Memorial Museum; OMNH 

= University of Oklahoma, Museum of Natural History; 
UCMP = University of California, Museum of 

Paleontology;  MCZ  =  Museum  of  Comparative 

Zoology, Harvard University, UF = University of 

Florida, Florida State Museum of Natural History; 
USNM = United States National Museum. The original 

Whisenhunt Copemys mariae specimens described in 

Dalquest et al. (1996) were transferred to the University 

of Texas (Austin) TMM, and have been given the catalog 
number 43645. This number is followed by the original 

MWSU number, as in TMM 43645-12866, for the 

holotype m1. 

DENTAL CHARACTERS OF SIGMODONTINES 

Determining  the  higher  level  taxonomic 
relationships of Honeymys requires that we are able to 

distinguish between the various New World cricetid 

clades in the fossil record. Some tribes (e.g., 

Thomasomyini, Wiedomyini, Andinomyini) are 
restricted to South America and are apparently the result 

of a later Neogene radiation of cricetids on that continent 

(Pardiñas et al., 2014; Barbière et al., 2016). Ancestry of 
the Central American/South American  Tylomyinae  is 
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FIGURE 4. Angle of alternation plot on M1 for extant sigmodontines (black diamonds) and extant neotomines (gray squares). Me/hyp = 

metacone/hypocone, pa/pr = paracone/protocone. Circles with crosses are grand means. Top formula is neotomine regression; bottom sigmodontine 

regression. Upper right quadrant of dashed line cross indicates approximate neotomine range. 

___    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    __    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _     _    _    _     

 

unknown   and  their   complex  molar   topography  is 
difficult to confuse with other cricetids. Molecular 

evidence suggests a sister relationship with the 
sigmodontines (Steppan and Schenk, 2017). The earliest 

records of a tylomyine are from the late Pleistocene and 

represent extant genera (Mora, 2004; Gutiérrez-García 
et al., 2014). 

The central issue for this study is identification of 

dental characters that clearly distinguish between early 

neotomines and sigmodontines. This is problematic 

because, as noted above, these character complexes 

potentially converge towards a common morphology. 

Below, we list a series of characters present in the type 

species of Copemys, C. loxodon from the middle 
Miocene of North America, and extant neotomines and 

sigmodontines, Copemys loxodon was chosen for 

comparison because it is the type species of a genus 

containing potentially basal species for both neotomines 

and sigmodontines and because there has been a recent 

re-evaluation of the holotype and additional material 

referred to the taxon (Ronez et al., in press). The 

character analysis for Copemys was limited to the type 

species because the genus is badly in need of revision. 

Copemys loxodon: 1) anterolingual conule on M1 
relatively small, 2) cusps on upper molars moderately 
alternate (average angle of alternation for par/pr and 

me/hyp pairs on M1 >15o), 3) m3 unreduced, ratio of 
length m3/m2 > 0.80, 4) anterior and posterior atolls 

present on m3, 5) procingulum of m1 with single conulid. 
Extant Neotominae: 1) anterolingual conule on M1 

expanded but usually smaller than anterolabial conule, 

2) cusps distinctly alternate on upper molars (average 

angle of alternation for me/hyp and par/pr pairs on M1 

usually >15o), 3) m3 large in early taxa, reduced in extant 
taxa; ratio of length of m3/m2 in extant taxa < 

0.80, 4) atolls rare (and single) to absent on m3, 5) 
procingulum of m1 with two conulids except for the 

Neotomina. 

Extant Sigmodontinae: 1) anterolingual conule on 

M1 expanded and often equal in size to anterolabial 
conule, 2) cusps opposite on upper molars in most taxa 

(average angle of alternation for me/hyp and par/pr pairs 

on M1 usually <15o); 3) m3 unreduced; ratio of length 
m3/m2 > 0.80, 4) atolls common on m3 but lost in some 

modern taxa, 5) tendency to express a posterior 

paralophule  (=  posterior  arm  of  paracone)  on  M1, 
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especially in Oryzomyini; this paralophule may or may 

not fuse with the mesoloph, 6) procingulum on m1 with 

two conulids except possibly in Rhagomys. 
In many modern sigmodontines the anterolingual 

conule on M1 has expanded to become a full lingual cusp, 

effectively creating two parallel rows of three cusps. 

While some extant neotomine species may have a 

distinctly bilobed procingulum on M1 in which the 

conules are almost of equal size (Baiomys), the 

anterolingual conule rarely develops to the same extent 

as the anterolabial conule, and consequently, especially 

given the more alternate cusps in neotomines than in 

sigmodontines, the labial and lingual conules appear 

asymmetric. Although a comprehensive study has not 
been  completed,  preliminary  data  suggest 

sigmodontines have a large range of alternation in cusp 

pairs on M1 but a significantly lower average angle of 

alternation than neotomines (Table 1, Figure 4). 

Copemys  loxodon,  early  neotomines,  and  early 
sigmodontines   express   a   mesoloph/id   of   varying 

lengths. The presence of a well-developed anteroloph on 

M1 is likely also a feature of basal New World 

neotomines, sigmodontines, and tylomyines. An 

anteroloph is rarely encountered in the Old World 

Democricetodon (Maridet et al. 2011; Qiu, 2010), but its 
occasional presence in Asian fossil Democricetodon 

samples (Wu et al., 2009) is shared with basal New World 

neotomines and sigmodontines, and thus may offer a clue 

to the geographic origin of New World neotomines and 

sigmodontines. 

In complex sigmodontine dentitions, such as those 
of the Oryzomyini, a posterior paralophule is often well- 

developed on M1 and may fuse with the mesoloph 

complex (Pires et al., 2016). While this feature can be 

considered as a synapomorphy for some sigmodontines, 

we can expect it to be only modestly developed in basal 

sigmodontines and absent in many sigmodontines that 

have developed secondarily simplified dentitions, such 

as the phyllotinins, in which the mesoloph is mostly 
absent and the posterior part of the paraloph (?posterior 

arm of the paracone) connects with the anterior arm of 

the hypocone. As noted previously, a posterior 

paralophule is also occasionally observed in 

Democricetodon. 

 
SYSTEMATIC PALEONTOLOGY 

Order Rodentia Bowdich, 1821 

Family Cricetidae Fischer, 1817 

?Subfamily Sigmodontinae Wagner, 1843 

Honeymys n. gen. 

 
Copemys Dalquest, Baskin and Schultz, 1996 

Copemys Baskin and Korth, 1996 

 
Diagnosis of Genus—Small cricetid with the 

following characters: 1) upper molar cusps opposite or 

slightly alternate, lower molars with distinctly more 

alternate cusps; 2) large, wide, bilobed procingulum on 

M1; 3) well-developed anteroloph and mesoloph on M1; 
4) wide procingulum on m1 with distinct anterolabial and  

anterolingual  conules;  5)  well-developed mesolophid 

on m1; 6) M1 with 3 or 4 roots, 7) m1 with 

2 roots and two anterolophulids, 8) ectostylid or low 
ectolophid usually present; 9) m3 unreduced, length 

m3/m2 > 80%; 10) anterior and posterior atolls 

developed in the mesoflexid and posteroflexid on m3; 

11) posterior paralophule on M1 modestly developed. 

 
Honeymys mariae new combination 

(Figures 5 – 8) 

 
Copemys lindsayi Dalquest, Baskin and Schultz, 1996 

(not C. lindsayi, Sutton and Korth, 1995) 

Copemys mariae Baskin and Korth, 1996 

 
Holotype—TMM 43645-12866, Rm1. 

Paratypes—specimens listed and illustrated in 
Dalquest et al. (1996) and the following more recently 

collected material (all OMNH numbers) from the 

Whisenhunt  quarry,  Oklahoma:  75044  Rm1,  75046 

Rm1, 75048 Rm1, 75121 Lm1, 75122 Lm1 fragment, 

75123  Rm1,  75125  Rm1,  75139  Lm1,  75043  Rm2, 

75058  Lm2,  75060  Rm2,  75128  Lm2,  75129  Lm2, 

75132  Rm2,  75133  Rm2,  75064  Rm3,  75136  Rm3, 

75137 Rm3, 75052 RM1, 75053 LM1, 75055 LM1, 

75110 RM1, 75112 RM1, 75113 RM1, 75061 RM2, 
75114 RM2, 75115 RM2, 75116 RM2, 75117 RM2, 
75063 LM3, 75118 RM3. 

Referred  Specimens—additional  specimens listed 

and illustrated in Korth (1998) from the Pratt quarry, 

Nebraska. 

Locality and Age—late Clarendonian (late 
Miocene) Whisenhunt quarry, Beaver Co., Oklahoma 

(type  locality)  and  late  Clarendonian  Pratt  quarry, 

Brown Co., Nebraska. 

Etymology—named in honor of the late James G. 

Honey, a paleontologist specializing in the phylogeny 

and paleobiology of camels who was also instrumental in 
developing the modern stratigraphic framework for the 

Meade Basin of southwestern Kansas. 

Diagnosis—as in the genus by monotypy. 

Description—M1 (Figures 5, 6): As shown in 

Table 1 and Figures 4 and 5, the angles of alternation for 

the  paracone/protocone  (par/pr)  and 
metacone/hypocone (me/hyp) pairs on M1 are 

significantly lower in Honeymys mariae than in the type 

species of Copemys, C. loxodon, and measured 

neotomine taxa. The paraflexus and metaflexus are deep 

and postvergent. The protoflexus and anteroflexus are 

relatively wide, opposite, shallow, and horizontal. The 

mesoflexus and hypoflexus are also shallow, horizontal, 

and opposite.  The procingulum is relatively  wide with 
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FIGURE 5. Upper first molars of Honeymys mariae (TMM), Abelmoschomys simpsoni (UF), and Copemys loxodon (USNM) showing calculated AAs. 

Lines and numbers indicate angle of alternation in degrees. Arrows identify inflection point (lingual notch) indicating relat ively small lingual conule in 

Copemys and Abelmochomys and absence of inflection, indicating expanded lingual conule in Honeymys. Some photos reversed to facilitate comparison. 

Illustrations not to scale. 

___    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    __    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _    _     

 

distinct anterolabial and anterolingual conules in minimal 
wear, as compared with ancestral cricetids that display a 

single or very small anterolingual conule, resulting in a 

distinct “lingual notch” in the enamel border at the 

entrance to the protoflexus (Fig. 5). The anterolabial 

conule is slightly larger than the anterolingual conule. 

With heavy wear, the anteroconules fuse into a single, 

wide dentine field. In unworn M1s (Fig. 6A), protoloph 
1 (anterior arm of the protocone) attaches to the 

anterolingual conule of the procingulum by a short ridge 

interpreted as the anterolingual loph in traditional 

nomenclature and the proto-anterolophule in the 

ICAMER system. The procingulum of M1 is wide, 

reflecting an expansion predominantly of the lingual 

component. Because of this 

expansion, the “lingual notch” seen in Copemys loxodon 
has been minimized in size (Fig. 5). 

An anteroloph is well-developed and may produce 
an atoll by fusion with the posterior base of the 

anterolabial conule. The anteroloph often fuses with the 

parastyle. The anteroloph is a hybrid structure composed 

of the parastyle and its medial projection plus a proto- 

mesolophule (Fig. 2). The anteroloph remains well- 

developed and present through moderate wear. After 

heavy wear the atoll may disappear and the anteroloph 

is reduced to a remnant of the fused anteroloph/parastyle 
extending from the labial side of the procingulum. A 

mesoloph complex (sensu Barbière et al., 2019) is well- 

developed, composed of a mesostyle and its medial 

projection  plus a hypo-mesolophule  in  six  M1s, and 
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FIGURE 6. Light microscope (A) and CT microscan (B) of Honeymys 

mariae holotype m1, UT 43645 – 12866. 

 
 

slightly less developed in two specimens when the 

mesostyle is absent. The paraloph ends at the base of 

protoloph 2, just anterior to the medial base of the 

mesoloph, and is therefore not aligned with hypoloph 1. 

A small accessory fourth root is present under the 

paracone in two of the original six M1s described by 

Dalquest et al. (1996) but is absent in four M1s in which 

root count could be determined from the newly collected 

material. A posterior paralophule (posterior arm of 
paracone) is incipiently developed in 5 of 8 M1s. In 

relatively unworn M1s a posterior metalophule fuses 

with the posteroloph, creating a posterior atoll 

corresponding to a remnant of the posteroflexus. 

M2 (Figure 7B): M2 is rectangular to square in 

shape with cusps somewhat opposite, as in M1. The 

mesoloph complex includes a hypo-mesolophule, 
extending about two-thirds of the way to the labial tooth 

border, and a mesostyle. The occlusal surface is crested 

in juveniles and wears flat (planed). Connections between 
cusps and ridges (enamel crests) can be quite variable  

in  unworn  molars.  For  instance,  in  OMNH 

75061, the paracone connects with protoloph 1 by a 

short ridge (para-anterolophule of ICAMER system), 

while on the same tooth a second short ridge (para- 

mesolophule) runs from the base of protoloph 2 towards 
the paracone but does not connect with it except possibly 

in later wear. In another unworn M2, (OMNH 75117) 

and the remaining three more worn M2s in Fig. 7B, the 

paracone connects to the base of protoloph 2 by the para- 

mesolophule. The latter connection is usually termed the 

paraloph  in  traditional  terminology  (Figure  1).  In 

OMNH 75117 the anteromedial edge of the paracone is 

slightly extended, as is the anteromedial edge of 

protoloph 1, both protuberances possibly representing 

remnants of a para-anterolophule that failed to form 

completely during development. Likewise, on OMNH 

75061 the metacone connects to hypoloph 1 by a meta- 
anterolophule, whereas in the other molars it connects to 

hypoloph 2 by a meta-mesolophule. This symmetrical 
development  of  cusp  connections  on  the labial  side 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 7. Variation in upper molars of Honeymys mariae, nov. 

combination. Some photos reversed to facilitate comparison. 

 
 
supports   the   concept   of   modularity   proposed   by 

Barbière et al. (2019), and demonstrates the ability of 

the ICAMER system to better understand and describe 

complex and variable connections in cricetid molars. 

M3 (Figure 7C): The two M3s recovered are well- 

worn, but some general features can be determined. As 
in M2, a cingulum runs along the anterior edge of the 

tooth. This cingulum may be at least partly homologous 

to the anteroloph of M1. All flexi seen in M2 are present. 

A mesoloph appears to be represented but the metacone 
and hypocone are significantly reduced. Although the 

paraloph runs posteriorly, a short ridge connects the 

anteromedial base of the paracone to the anterior 
cingulum. An atoll is developed between the metacone 

and hypocone. This general morphology differs from that 

of Copemys loxodon and most Democricetodon species, 

in which the hypocone is more reduced and the M3 is 
almost circular in shape. 

m1 (Figures 6, 8A): The procingulum is relatively 

wide and divided into anterolingual and anterolabial 

conulids of about equal size. A cingulum extends from 

the base of the anterolabial conulid to the anterior base 

of the protoconid. As seen in Fig. 8A, there is some 

variation in enamel connections of the procingulum with 
more posterior cusps. In unworn molars there is always 
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FIGURE 8. Variation in lower molars of Honeymys mariae, nov. 

combination. Some photos reversed to facilitate comparison. 

___   _   _   _   _   _   _   _   _   _   _   _   _   _   _   _   _   __ 

 
a double connection, but the enamel connections may 

vary in size and position.  In OMNH 75046, 75048 and 

75122 two lophulids, the anterolabial and anterolingual 

lophulids, connect from the base of the labial and lingual 

anteroconulids to the base of the metalophid. In OMNH 

75123, 75125, and 75129 the anterolingual lophulid runs 
from the base of the lingual anteroconulid to the base of 

the metalophid, whereas the anterolabial lophulid 

connects the base of the labial anteroconulid with 

protolophid 1. 

The mesolophid complex extends from the base of 

protolophid   2   to   the   lingual   tooth   border.   The 

mesolophid appears to represent the fusion of a proto- 
mesolophulid with the mesostylid. The mesoflexid and 

posteroflexid are deep and provergent. The hypoflexid 

is wide and V-shaped and its internal enamel border 

extends  opposite  the  base  of  the  mesolophid. 
Protolophid 2 ends at the base of the mesolophid and is 

not aligned with the entolophid. A low ectostylid or 
short ectolophid, the latter composed of the ectostylid 

and a medial extension, is developed in the holotype and 

all of the new Whisenhunt m1s in which this area is 

preserved. The posterolophid is low and well expressed 

in juvenile molars. 

m2 (Figure 8B): The m2 is rectangular in shape 
and the cusps are about as alternate as in the m1. An 

unworn m2 (OMNH 75133) expresses separate 

connections between the metaconid (by the metalophid) 

and protoconid (by protolophid 1) with the anterior 

cingulum, the latter which runs across the anterior tooth 

border. With wear, these separate ridges fuse into a single  

lophid.  A  mesolophid  (proto-mesolophid) extends from 

the base of protolophid 2 to the lingual tooth border. 

An ectostylid or short ectolophid is present on all new 

OMNH m2s (Figure 8B). The morphology of m2 mirrors 

that of m1 posterior to the procingulum. 
m3 (Figure 8C): The m3 is proportionately large 

relative to m2 (mean length m3/m2 = 0.96). The single 

unworn m3 (OMNH 75136) demonstrates an unusual 

morphology in which enamel ridges are fused around 

the occlusal surface, creating two central depressions 

most likely corresponding to the mesoflexid and 

posteroflexid. More traditional structures are expressed 

with greater wear, as seen in OMNH 75864 and 75137. 

All structures of m2 seem to be present on m3, including 

an incipient mesolophid on 75064 and 75136. 

In well-worn m3s, an anterior atoll is developed by 

a high enamel wall blocking the lingual border of the 
mesoflexid. A posterior atoll may be likewise developed 

by isolation of the posteroflexid. 

Remarks—Honeymys mariae displays a suite of 

dental features suggesting it stands near the base of the 

neotomine-sigmodontine clade. Honeymys could be 

provisionally referred to the Sigmodontinae primarily 

because  cusp  alternation  falls  within  the  range  of 

modern sigmodontines, the procingula on M1/m1 are 

moderately expanded, and the M1 expresses a modestly 

developed posterior paralophule.   If Honeymys is a 

sigmodontine, it is difficult to allocate it to an extant 
clade. The Sigmodontalia do not display accessory 

occlusal structures, and at least some oryzomyinins and 

wiedomyinins, with the more complex dentitions among 

the oryzomyalians, express a connection on m1 in which 

the procingulum often attaches to protolophid 1, rather 

than to the metaconid as in most Honeymys m1s. 

However, this connection is variable in both Honeymys 

and the oryzomyinins, and its evolutionary polarity is 

unclear at present. 

 
DISCUSSION 

 
Table 1 presents a summary of the angle of 

alternation (AA) for select sigmodontines, neotomines, 
and most extinct North American cricetid genera. The 

grand means indicate a significant difference in 

alternation between extant sigmodontines and 
neotomines, with sigmodontines expressing decidedly 

more   opposite  cusps.    However,  the AAs in  extant 
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FIGURE 9. Plot of angle of alternation for M1 in Honeymys nov. genus (gray squares) and extant neotomines (black diamonds). 
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sigmodontines include the full range of AAs for New 
World  cricetids,  whereas  extant  neotomines  express 

only alternate cusps. From the data, we can conclude: 1) 

only extant sigmodontines display AA values at or near 

zero (complete cusp opposition), and 2) extant 

neotomines display only highly alternate cusps. Figure 

9 demonstrates there is almost no overlap between the 

AAs of Honeymys and extant neotomines. 
The extant Sigmodontinae includes lower level 

clades displaying a variety of dental patterns. Some, as 

in the phyllotinins and sigmodontinins, appear relatively 
simple, although they were certainly derived 

independently from ancestors with more complex molars. 

The extant phyllotinin Calassomys from South America, 

described as the sister group to the remaining 

phyllotinins, displays a dentition like that of Calomys 

but with minute mesolophs on juvenile M1s (Pardiñas et 

al., 2014). Mesolophs are also rarely encountered in 

Calomys   M1s.   Calassomys   exhibits   the   primitive 

cricetid root count of 3/2 (M1/m1), unlike Calomys, in 

which the root count is 4/3. At the opposite extreme, the 

extant Oryzomyini display complex dentitions, with 

anteroloph, mesoloph, and mesolophid plus a number of 
atolls on both upper and lower molars. Apparently, each 

pattern is derived from ancestral cricetids with 

moderately complex molars. The most ancient North 

American cricetids that could qualify as basal to the 

neotomines and sigmodontines are found in the group of 
Miocene species collectively referred to Copemys. As 

noted above and as indicated by the present allocation of 

Copemys mariae to Honeymys, Copemys is in need of 

revision. Our further discussion of the phylogenetic 

relationships of Honeymys will include reference only to 

C. loxodon among the named Copemys species because 

C. loxodon is the only species that can be reliably 

included in the genus (Ronez et al., in press). 
Although a common ancestor for the neotomines 

and sigmodontines is unknown, we can surmise some of 

the dental characters of this ancestral taxon by examining 

cricetids with early distributions in the Old World, such 
as Democricetodon and Megacricetodon (Lindsay, 2008; 

Wessels and Reumer, 2009; Qiu, 2010; Maridet et al., 

2011; Qiu and Li, 2016). In Figure 10 
Democricetodon sui from the Miocene of China was 

chosen as basal because it is likely that New World 

cricetids evolved from an Asian immigrant similar to 

Democricetodon, as proposed by Fahlbusch (1967). The 

Old World taxa mentioned above have a wide range of 

cusp alternation and a single anterolabial conule on M1 

(Table 1). The procingulum of m1 usually has a single 

conulid. A small labial conulid on m1 is developed in 

Democricetodon gaillardi (Maridet, 2003). 

Mesolophs/ids are variably developed, and anterolophs 

are  variably  present,  reported  in  D.  gaillardia,  D. 
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freisigensis, D. brevis (Maridet, 2003) and D. sui 

(Maridet et al., 2011; Qiu and Li, 2016). In no Asian 

Democricetodon is the anteroloph as well-developed as 
in Copemys loxodon and Honeymys mariae. The m3 is 

relatively large. From this character suite we can 

conclude that synapomorphies for the common ancestor 

of tylomyines, neotomines and sigmodontines include 

either alternate or somewhat opposite cusps on M1, the 

presence of a procingulum with two well-developed 

conules and anteroloph on M1, and a procingulum with 

one or two well-developed conulids on m1. Extant 

neotomines have additional synapomorphies of extreme 

cusp alternation on the upper molars and a reduced m3. 

Copemys loxodon is intermediate between the more 
ancient  cricetids  and  both  sigmodontines  and 

neotomines in the sense that it has a single conulid on m1, 

a small anterolingual conule on M1, an anteroloph on 

M1, a large (unreduced) m3, and upper molars with 

somewhat alternate cusps (Table 1). If the alternate cusp 

condition is primitive for both neotomines and 

sigmodontines, C. loxodon could be ancestral to both 

subfamilies. This concept is considered the alternate 

cusp hypothesis. On the other hand, a number of Old 

World Miocene cricetids display relatively opposite 

cusps on M1 (Table 1: Colloides xiaomingi, Sonidomys 

deligeri, Democricetodon tongi) raising the distinct 
possibility that the alternate cusp condition of most 

Copemys and extant neotomines is a derived condition. 

If this is the case, then most of the New World Neogene 

cricetids with AAs > 14o  on M1 are not basal to 

sigmodontines,   and   Honeymys   represents   a   clade 

distinct from Copemys, out of which sigmodontines and 

other later Neogene taxa with opposite cusps on M1 (e.g., 

Symmetrodontomys, Prosigmodon) may have evolved. 

This possibility is here termed the opposite cusp  

hypothesis,  and  a  corollary  of  this  hypothesis would 

be that late Miocene cricetids in North America may 
include a number of clades, at least one of which was 

ancestral to neotomines and another to sigmodontines.  

Immigration  of  both  ancestors  could have been 

contemporaneous. It is conceivable that the basal 

members of both clades are different species of a 

currently recognized genus, such as Democricetodon. 

Although we cannot now securely identify an ancestral 

group, Honeymys displays relatively opposite cusps on 

M1, has added the anteroloph on M1, and has expanded 

both the lingual anteroconule on M1 and the labial 

anteroconulid on m1. A posterior paralophule is present 
on M1. Mesolophs/ids are well-developed. The m3, as 

in Copemys loxodon, other archaic cricetids, and modern 

sigmodontines, is unreduced. Collectively, these 

characters potentially describe the earliest sigmodontine 

rodent in North America. 

Baskin (1986) reviewed the evidence for 

sigmodontine origins, and in the process described a 

new sigmodontine cricetid from the late Clarendonian 

Love Bone Bed of Florida, Abelmoschomys simpsoni. 

Baskin (1986) concluded that Abelmoschomys was the 

earliest North American sigmodontine, descended from 
Copemys and ancestral to Bensonomys, the latter 

considered by Baskin (1978) as a subgenus of the extant 

South American Calomys and likely ancestral to the 

South American sigmodontines. While admitting to a 

certain amount of morphological similarity of 

Bensonomys to Calomys, Reig (1980) disagreed with 

Baskin’s (1978) allocation of Bensonomys to Calomys, 

suggesting the similarities were due to parallelism. 

Czaplewski (1987) further summarized the history of 

sigmodontines in the North American record. Kelly 

(2007) reviewed the complex taxonomic history of 
Bensonomys, noting that Martin (2000) reinstated 

Bensonomys as a distinct genus. Although accepting 

Bensonomys as a genus, Kelly (2007) allocated his new 

Hemphillian species Bensonomys lindsayi to the 

Sigmodontinae. Pardiñas et al. (2002, 2014) reviewed 

the history of hypotheses for the origin of the South 

American sigmodontine rodents, noting recent evidence 

from molecular systematics and fossils that called into 

question most of the taxonomic and dispersal conclusions 

reached previously by North American paleontologists. 

Pardiñas et al. (2002) suggested that none of the extinct 

North American taxa previously allocated to the 
Sigmodontinae (Abelmoschomys, Bensonomys, 

Symmetrodontomys, Jacobsomys, Prosigmodon) were 

sigmodontines (see McKenna and Bell,  1997).  

Although  Pardiñas  et  al.  (2002)  make cogent 

arguments for their perspective, and point out correctly 

that North American late Neogene cricetids are in need of 

revision, a Miocene dispersal of sigmodontines into 

South America is not supported by the fossil record. 

Indeed, as Barbière et al. (2018) indicate, the earliest 

South American sigmodontine, Kraglievichimys 

formosus, probably does not predate 
4.0 Ma. Kraglievichimys displays an advanced, 

simplified phyllotinin-like dentition, and therefore cannot 

stand in an ancestral position to the Sigmodontinae. 

While it is always possible that the Miocene history of 

sigmodontines occurred in northern South America, 
currently lacking a late Miocene rodent fossil record, the 

available fossil evidence suggests the entire South 

American radiation of sigmodontines, whether from a 
single ancestral colonization or multiple colonization 

waves, occurred during the past 4 My from basal stocks 

in North and Central America, as earlier hypothesized by 

Baskin (1978), Jacobs and Lindsay (1984), and 
Czaplewski (1987). Consequently, we must look deeper 

into the coterie of North American late Cenozoic 

cricetids to determine if basal sigmodontines are among 
them. 

M1 angles of alternation of Abelmoschomys 

simpsoni and various Bensonomys species (Table 1, 

Figure 4) fall within the range of extant neotomines, 
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FIGURE 10. General evolutionary scenario for early neotomines and sigmodontines. Lines and numbers on molars indicate angle of alter nation in 

degrees. Note the uncertain ancestry for Sigmodon and Anatomys (Sigmodontalia). Akodon has a relatively simple dentition among akodontinins, and 

therefore is somewhat secondarily simplified. The arrow above the box of taxa with complex M1s is meant only to indicate the polarity of dental 

structural change, not phylogeny. If monophyly is defined strictly by monospecific ancestry, extant sigmodontines could be polyphyletic. Illu strations 

not to scale. 
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whereas AAs of Prosigmodon oroscoi, P. ferrusquiai, 
P. chihuahuaensis, Jacobsomys verdensis, and 

Symmetrodontomys simplicidens are more opposite, as 

in sigmodontines.    Although average angles of 

alternation for Bensonomys species do not fall close to 

the grand mean for sigmodontines (Table 1), they are 

within the range of extant sigmodontines and occasional 

cusp pairs display relatively low values. Within the 

alternate  cusp  hypothesis,  these  data  could  be 

interpreted as indicating that at least one or more species 
currently considered as Bensonomys might represent a 

stage in sigmodontine evolution leading from a more 

generalized, complex dentition such as in Copemys 

loxodon with somewhat alternate cusps on upper molars 

toward the simplified dentitions of phyllotinin 

oryzomyalians  and  sigmodontalians.  That  is, 

phyllotinins and sigmodontalians may have branched 

off from an ancestor similar to and ancestral to Honeymys 

but with somewhat more alternate cusps. The difficulty 

this presents is that neither Abelmoschomys nor  any  

Bensonomys  species  display  the  potential 

sigmodontine dental characters expressed by Honeymys. 
If the alternate cusp hypothesis is correct and 

Abelmoschomys and Bensonomys are sigmodontines, at 

least at the present time this possibility cannot be 

confirmed by dental morphology. 

The dental morphology of extant Calassomys is 

enigmatic. It displays a combination of primitive 

(brachydont, terraced dentition with anteroloph and 

mesolph; 3/2 M1/m1 root count) and advanced (loss of 

mesolophid on m1; expanded lingual anterolophule on 
procingulum of M1, opposite cusps on M1) characters. 

As the sister group to other phyllotinins, Calassomys 

apparently represents an early branch of the Phyllotini. 

These data suggest Calassomys lies near the split of 

phyllotinins from their oryzomyalian ancestors and may 

eventually provide important clues to the origin of South 

American sigmodontines as North American Cenozoic 

cricetids are better understood. 
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CONCLUSIONS 

 
Honeymys mariae, recovered from late 

Clarendonian (late Miocene) deposits in Oklahoma and 

Nebraska, is possibly the earliest sigmodontine cricetid 

in the New World fossil record. The primary features 

separating Honeymys and the sigmodontines from 
Copemys loxodon and other early cricetids are opposite 

cusps on upper molars, somewhat greater development of 

the anterolingual conule on M1 and the presence of a 
posterior paralophule on M1. Although Abelmoschomys 

simpsoni and most Bensonomys with alternate cusps on 

M1 are morphologically more similar in cusp alternation 

pattern to neotomines than sigmodontines, they represent 
part of a Miocene cricetid dental morphospace out of 

which at least some sigmodontines may have emerged if 

the alternate cusp hypothesis is substantiated. The 
opposite cusp hypothesis suggests North American 

Neogene cricetids Prosigmodon, Symmetrodontomys, 

and Jacobsomys and extant sigmodontines evolved from 

a late Miocene Old World clade of Neogene cricetids with 
more opposite cusps on M1, represented in North 

America by Honeymys mariae and its relatives; thus, 

most currently recognized Copemys and other Neogene 

cricetid species with AAs > 15o would not be ancestral 

to sigmodontines. Despite some progress in deciphering 

the swarm of “copemyine” Miocene cricetids, a careful 

phylogenetic analysis is necessary to resolve 
relationships among this group and extant New World 

cricetids to a finer degree. 
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TABLE 1. Angles of alternation on the M1 for extinct and extant New World cricetid rodents. Pa/pr = paracone/protocone angle, me/hyp = 

metacone/hypocone angle, SD = standard deviation. 
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SD 
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original photo (Rincón) 
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12.9 

  14.3 
 

9.2 

  original photo (Rincón) 
 

original photo (Rincón) 

 19.5   20.5   original photo (Rincón) 

  16.6 2.9  14.7 4.6  

 
Antecalomys coxae 

 
22 

   
13.7 

   
original photo (Kelly) 

 18   14.7   original photo (Kelly) 

 18   14.2   original photo (Kelly) 

 20.5   14.5   original photo (Kelly) 

 21.2   16.1   original photo (Kelly) 

 20.3   21.7   original photo (Kelly) 

 21.2   16.1   original photo (Kelly) 

 21   13.7   original photo (Kelly) 

 20.7   9.3   original photo (Kelly) 

 16.5   18.7   original photo (Kelly) 

 29   19.5   original photo (Kelly) 

  20.8 3.2  15.7 3.4  

 
Antecalomys phthanus 

 
14.7 

   
15.5 

   
Korth (1998) 

 20.7   19.9   Korth (1998) 

  17.7 4.2  17.7 3.1  

 
Baiomys  cf. brachygnathus 

 
24.6 
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Tomida (1987) 

 

 
Basirepomys romensis 
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Original photo (Kelly; 

cast E. Lindsay) 
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27.3 

  Original photo (Kelly; 

cast E. Lindsay) 

       Original photo (Kelly; 

 13.2   16.2   cast E. Lindsay) 
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Bensonomys baskini 
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Carranza-Casteñeda and 

Walton (1992) 
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  Carranza-Casteñeda and 

Walton (1992) 

  16.4 5.7  18.9 9.5  
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Jacobs and Lindsay 
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Copemys dentalis 
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21.3 

   
Kelly and Whistler 

(2014) 
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original photo (MCZ) 
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original photo (Kelly) 
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13.9 

  0 
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  original photo (Sagabiel) 

original photo (Martin; 

Czaplewski cast) 
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12.8 

  original photo (Martin; 

Czaplewski cast) 

       original photo (Martin; 

 7.9 
 

6.8 
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  Czaplewski cast) 

original photo (Martin; 

Czaplewski cast) 

  
8 
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  original photo (Martin; 
Czaplewski cast) 

       original photo (Martin; 

 8.3   0   Czaplewski cast) 

  10.8 3.9  7.6 5.2  
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original photo (Kelly; 
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  cast Lindsay) 

original photo (Kelly; 

cast Lindsay) 

  
16.7 

   
14.5 

  original photo (Kelly; 

cast Lindsay) 

       original photo (Kelly; 
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25.6 

  16.2 

 
24.7 

  cast Lindsay) 

original photo (Kelly; 

cast Lindsay) 

  21.4 7  14 6.1  

 

 
Jacobsomys verdensis 
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15.2 

   
original photo (Martin; 

cast Lindsay) 

 
Lindsaymys takeuchii 

 
24.1 

   
16.1 

   
original photo (Kelly) 

 28.8   21.6   original photo (Kelly) 

 22.5   23.3   original photo (Kelly) 
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 16.6   16.1   original photo (Kelly) 

22.2   18.9   original photo (Kelly) 
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25.9   22   original photo (Kelly) 
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Miotomodon mayi 

 
32.2 

   
18 
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 20.9   14.2   May (1981) 

  26.6 8  16.1 2.7  

Paronychomys alticuspis        
original photo (Kelly; 

 31.1   26   cast Lindsay) 

 

 
Paronychomys lemredfieldi 

 

 
24.7 
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original photo (Kelly; 

cast Lindsay) 

       original photo (Kelly; 

 17.9   14.1   cast Lindsay) 

  21.3 4.8  18.7 6.4  
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23.3 

   
20.1 
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 19.3   18.1   original photo (Kelly) 
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 22.4   19.6   original photo (Kelly) 

 23.2   17.4   original photo (Kelly) 

  22 2  18.6 1.4  

        
original photo (Kelly; 

Postcopemys repenningi 19.2 

 
25.4 

  19.3 

 
20.7 

  cast Lindsay) 

original photo (Kelly; 

cast Lindsay) 

  
14.8 

   
21.4 

  original photo (Kelly; 

cast Lindsay) 

       original photo (Kelly; 

 25.6 

 
23.8 

  20.2 

 
21.8 

  cast Lindsay) 

original photo (Kelly; 
cast Lindsay) 

  21.8 4.7  20.7 1  

 

 
Postcopemys maxumensis 

 

 
29.9 

   

 
13.9 

   
original photo (Kelly; 

cast Lindsay) 
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15.6 

   
15.9 

  original photo (Kelly; 

cast Lindsay) 

 
12.6 

   
15.6 

  original photo (Kelly; 

cast Lindsay) 

      original photo (Kelly; 

 19.4 9.2  15.1 1.1 cast Lindsay) 

 
Prosigmodon oroscoi 

 
19.8 

   
12.2 

   
original photo (Pardiñas) 

 11.4   7.5   original photo (Pardiñas) 

 8.5   12   original photo (Pardiñas) 

 4.6   11.8   original photo (Pardiñas) 

  11.1 6.4  10.9 2.3  

        
Carranza-Castañeda and 

Prosigmodon ferrusquiai 12.1 
 

6.8 

  0 
 

6.4 

  Walton (1992) 
Carranza-Castañeda and 

Walton (1992) 

  9.5 3.7  3.2 4.5  

 

 
P. chihuahuensis 

 

 
-3.6 

   

 
-9.6 

   
Lindsay and Jacobs 

(1985) 

 
Symmetrodontomys 

       
simplicidens 14.3   11.7   original photo (Martin) 

 
Tsaphanomys shotwelli 

 
18.7 

   
21.1 

   
Shotwell (1967) 

 

 
Extinct Old World 

 
 

Colloides xiaomingi  
12.8 9.2 Qiu and Li (2016) 
 

9.2 1.4 Qiu and Li (2016) 
 

11 2.5 5.3 5.5 

 

 
 

Democricetodon anatolicus 
15.2 

11.9 Theocharopoulos (2000) 

13.2 
11.4 Theocharopoulos (2000) 

24.7 
13.9 Theocharopoulos (2000) 

24.1 11.6 Theocharopoulos (2000) 

11.7 
1 Theocharopoulos (2000) 

26.1 
17.4 Theocharopoulos (2000) 

25.2 18.8 Theocharopoulos (2000) 
 

20 6.3 12.3 5.8 

 
 

Democricetodon gracilis 27.2 13.1 

 
13.6 9.1 

 

20.4 9.6 11.1 2.8 

Wessels and Reumer 

(2009) 

Wessels and Reumer 

(2009) 
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D. lindsayi 23.6   21.2   Qiu and Li (2016) 

 18.8   12.5   Qiu and Li (2016) 

  21.2 3.4  16.9 6.2  

 

 
D. mutilus 

 

 
14.4 

   

 
9.2 

   
Wessels and Reumer 

(2009) 

  
17.8 

   
17.1 

  Wessels and Reumer 
(2009) 

  16.1 2.4  13.2 5.6  

 
D. sui 

 
18.6 

   
17.4 

   
Maridet et al. (2010) 

 19.5   10.4   Maridet et al. (2010) 

 24.9   19.7   Maridet et al. (2010) 

 25.1   17.4   Qui and li (2016) 

 23.6   21.2   Qui and li (2016) 

  22.3 3.1  17.2 4.1  

 
D. tongi 

 
13.5 

   
14.4 

   
Qiu and Li (2016) 

 9.2   3.7   Qiu and Li (2016) 

  11.4 3  9.1   

      7.6  
 

Megacricetodon bavaricus 
 

16.7 
   

21.6 
  Wessels and Reumer 

(2009) 

       Wessels and Reumer 

 19.8   12.8   (2009) 

  18.3 2.2  17.2 6.2  

 

 
Megacricetodon minor 

 

 
25.4 

   

 
22.4 

   
Wessels and Reumer 

(2009) 

  
30.8 

   
19.3 

  Wessels and Reumer 

(2009) 

  28.1 3.8  20.9 2.2  

 
Sonidomys deligeri 

 
11.6 

   
12.3 

   
Qui and Li (2016) 

 10.7   10.9   Qui and Li (2016) 

  11.2 0.6  11.6 1  
Extinct South & Central 
American 

       

 
Agathaeromys donovani 

 
8.7 

   
7.9 

   
Zijlstra et a. (2010) 

 

 
Agathaeromys praeuniversititis 3.4 2.9 Zijlstra et a. (2010) 

 
 

Castoria angustidens 16.7 10.1 Pardiñas et al. (2016) 

 0 0 Pardiñas et al. (2016) 
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 0   6.7   Pardiñas et al. (2016) 

7   8.2   Pardiñas et al. (2016) 

10.8  
 

6.9 

 
 

7.2 

10.2  
 

7 

 
 

4.2 

Pardiñas et al. (2016) 

 
Chukimys favaloroi 

 
0 

   
0 

   
Barbiere et al .(2016) 

 
Cordimus debuisonjei 

 
18.9 

   
8.6 

   
Zijlstra et al. (2013) 

 
C. raton 

 
5.7 

   
0 

   
Zijlstra et al. (2013) 

 
Dankomys vorohuensis 

 
0 

   
-7.3 

   
Barbière et al. (2016) 

 
Dushimys larsi 

 
7.3 

   
5 

   
Zijlstra (2012) 

 
Holochilus primigenius 

 
0 

   
-7.1 

   
Steppan (1996) 

 
Kraglievichimys formosus 

 
0 

   
4.8 

   
Barbière et al. (2018) 

 0  
 

0 

 -4.2  
 

0.3 

 
 

6.4 

Barbière et al. (2018) 

 
Pardinomys humahuaquensis 

 
0 

   
0 

   
Ortiz et al. (2012) 

 5.7   0   Ortiz et al. (2012) 

  2.9 4  0   

 
Tafimys powelli 

 
0 

   
0 

   
Pardiñas et al. (2000) 

 
 

 
xtant Sigmodontinae 

0  
 

0 

 -9.1  
 

-4.6 

 
 

6.4 

Pardiñas et al. (2000) 

 
 

Abrawayaomys sp 

       

 18.9   17.8   Percequillo et al. (2004) 

 21.6   19.9   Percequillo et al. (2004) 

 20.9   15.7   Percequillo et al. (2004) 

 22  
 

20.9 

 
 

1.4 

22.8  
 

19.1 

 
 

3 

Percequillo et al. (2004) 

 
Abrothrix olivaceous 

 
10 

   
14.1 

   
original photo (Pardiñas) 

 13   15.5   original photo (Pardiñas) 

  11.5 2.1  14.8 1  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E 
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Akodon azarae 16.4 20.6 original photo (Ronez) 

 
 

Akodon boliviensis 21.3 16.9 

Alvarado-Serrano and 

D'Elia (2013) 

 
 

Akodon dolores 17.2 10.1 original photo (Ronez) 

 
 

Akodon mimus 

 
30.2 

   
16 

  Alvarado-Serrano and 

D'Elia (2013) 

 
Akodon montensis 

 
14.5 

   
12.5 

   
original photo (Pardiñas) 

 9.2   14.2   Pardiñas et al. (2016) 

  11.9 3.7  13.4 1.2  

 
Akodon spegazzinii 

 
20 

   
11.5 

   
original photo (Martin) 

 
Anotomys leander 

 
6.8 

   
3.6 

   
Voss (1993) 

 
Andalgalomys roigi 

 
7.3 

   
13.1 

   
Barbiere et al. (2016) 

 
Andinomys edax 

 
10.6 

   
12.1 

   
original photo (C. Ronez) 

 
Bibimys chacoensis 

 
0 

 

-6.9 

   
-6.7 

 

-9.6 

   
original photo (Pardiñas) 

 

original photo (Pardiñas) 

  -3.5 4.9  -8.2 2.1  

 
Bolomys lasiurus 

 
14.7 

   
9.7 

   
Voss (1991) 

 
Brucepattersonius sp. 

 
25.5 

   
15.8 

   
original photo (Pardiñas) 

 31.2   24.3    

  28.4 4  20.1 6  

 
Calassomys apicalis 

 
12 

   
11.9 

   
Pardiñas et al. (2014) 

 0   6.9   Pardiñas et al. (2014) 

 5.9   0   Pardiñas et al. (2014) 

 7.2   9   Pardiñas et al. (2014) 

  6.3 4.9  7 5.1  

 
Calomys callidus 

 
8.7 

   
11.3 

   
original photo (Ronez) 

 17   20.1   Pardiñas et al. (2014) 

 15.1   8   Pardiñas et al. (2014) 

  13.6 4.3  13.1 6.3  
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Calomys callosus 16.4 16.3 Voss (1991) 
 
 

Calomys laucha 18.1   11.5   Ortiz et al. (2012) 

 
Chelemys macronyx 

 
11.1 

   
12.8 

   
original photo (Pardiñas) 

 9.7   7.2   original photo (Pardiñas) 

  10.4 1  10 4  

 
Chibchanomys trichotis 

 
9.3 

   
0 

   
Voss (1988) 

 
Chukimys favaloroi 

 
0 

   
0 

   
Barbière et al. (2016) 

 
Delomys dorsalis 

 
10.1 

   
12.4 

   
Voss (1993) 

 15.8   12.6   Pardiñas et al. (2014) 

  13 4  12.5 0.1  

 
Delomys sublineatus 

 
9.8 

   
19.7 

   
Voss (1993) 

 
Deltamys kempi 

 
12.3 

   
13.7 

   
Pardiñas et al. (2016) 

 
Eligmodontia puerulus 

 
13.4 

   
7.4 

   
Ortiz et al. (2012) 

 
Euneomys chinchilloides 

 
0 

   
13.7 

   
Pardiñas et al. (2015) 

 
Graomys griseoflavus 

 
5.6 

   
11.7 

   
Barbière et al. (2016) 

 
Holochilus brasiliensis 

 
0 

   
3.6 

   
Voss (1993) 

 11.4  
 

5.7 

 
 

8.1 

14.5  
 

9.1 

 
 

7.7 

Steppan (1996) 

 
Holochilus magnus 

 
0 

   
0 

   

 
Holochilus sciureus 

 
9.4 

   
19.1 

   
Voss (1993) 

 
Ichthyomys hydrobates 

 
0 

   
0 

   
Voss (1988) 

 
I. pittieri 

 
3.7 

   
0 

   
Voss (1998) 

 
Irenomys tarsali 

 
-7.8 

   
0 

   
original photo (Pardiñas) 
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Lundomys molitor 0   0   Voss (1993) 

 5.6   13.5   Voss (1993) 

 5.5   0   Steppan (1996) 

  3.7 3.2  4.5 7.8  

 
Megalomys desmarestii 

 
0 

   
0 

   
Turvey et al. (2010) 

 
Megalomys luciae 

 
8.3 

   
12.7 

   
Turvey et al. (2010) 

 

 
Microryzomys altissimus 

 

 
2 

   

 
4.4 

   
Carleton & Musser 

(1989) 

 
Neacomys sp. 

 
7.2 

   
0 

   
original photo (Pardiñas) 

 
Necromys conifer 

 
7 

   
12.7 

   
Jayat et al. (2016) 

 
Necromys lilloi 

 
8.2 

   
6.8 

   
Jayat et al. (2016) 

 

 
Neomicroxus bogotensis 

 

 
0 

   

 
6.3 

   
Alvarado-Serrano and 

D'Elia (2013) 

 

 
Neomicroxus latebricola 

 

 
0 

   

 
-12.3 

   
Alvarado-Serrano and 

D'Elia (2013) 

 
Neotomys ebriosus 

 
18.8 

   
16.6 

   
Pardiñas et al. (2015) 

        
Carleton & Musser 

Oligoryzomys fulvescens 15.1   12   (1989) 

 
Oligoryzomys victus 

 
16.7 

   
18.3 

   
Turvey et al. (2010) 

 
Oryzomys palustris 

 
0 

   
0 

   
Voss (1993) 

 
Pennatomys nivalis 

 
0 

   
0 

   
Turvey et al (2010) 

 0   0   Turvey et al (2010) 

  0   0   

 
Phyllotis anitae 

 
7.4 

   
14.2 

   
Ortiz and Jayat (2013) 

 9.6   12.8   Ortiz and Jayat (2013) 

 10.1   13.4   Ortiz and Jayat (2013) 

  9 1.4  13.5 0.7  

 
Phyllotis osilae 

 
11.9 

   
14.1 

   
Ortiz and Jayat (2013) 
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Pseudoryzomys simplex 5.9 5.4 Voss (1991) 

 
 

Rhagomys rufescens 0 9 original photo (Pardiñas) 
 
 

Reithrodon auritus 9.2   10.6   Barbiere et al. (2016) 

 
Scapteromys aquaticus 

 
16.3 

   
0 

   
original photo (Pardiñas) 

 18.5   21.9   original photo (Pardiñas) 

 12.2   15.8   original photo (Pardiñas) 

 21.4   19.3   original photo (Pardiñas) 

 17  
 

17.1 

 
 

3.4 

17.5  
 

14.9 

 
 

8.6 

original photo (Pardiñas) 

 
Tapecomys primus 

 
12.8 

   
17.9 

   
Barquez et al. (2006) 

 
Thaptomys nigrita 

 
9.8 

   
12.3 

   
Pardiñas et al. (2016) 

 
Thomasomys 

 
10.3 

   
11.8 

   
original photo (Pardiñas) 

 0   3.5   original photo (Pardiñas) 

 7   6.7   original photo (Pardiñas) 

 9.6   10.9   original photo (Pardiñas) 

 3.2   9.6   original photo (Pardiñas) 

 3.3   13   original photo (Pardiñas) 

 5.2  
 

5.5 

 
 

3.7 

6.2  
 

8.8 

 
 

3.4 

original photo (Pardiñas) 

 
Thomasomys cinereus 

 
5.8 

   
9.5 

   
Voss (1993) 

 
Wiedomys pyrrhorhinus 

 
16 

   
18.6 

   
Pardiñas et al. (2014) 

 
Zygodontomys brevicauda 

 
0 

   
7.1 

   
Voss (1991) 

 
Zygodontomys sp. 

 
8.1 

   
14 

   
Pardiñas et al. (2014) 

 
 
 

Grand mean (all specimens) 9.6 9.9 

(extant Sigmodontinae) 

 

 
Extant Neotominae 

 
 

Baiomys musculus 22 19.8 original photo (Castro) 
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 26  
 

24 

 
 

2.8 

20.2  
 

20 

 
 

0.3 

original photo (Castro) 

 
Baiomys taylori 

 
27.7 

   
29.3 

   
original photo (Castro) 

 26.6   24.8   original photo (Castro) 

  27.2 0.8  27.1 3.2  

 
Reithrodontomys megalotis 

 
R. mexicanus 

 
21.6 

 
16.9 

   
19.8 

 
17.4 

   
Blois (2019) 

Moreno and Roma ́n 

(2013) 

 
R. milleri 

 
16.4 

   
16.1 

  Moreno and Roma ́n 

(2013) 

       Moreno and Roma ́n 

R. eremicus 25.8   20.5   (2013) 

  20.2 4.4  18.5 2.1  

 
Peromyscus boylii 

 
20.2 

   
20.8 

   
Blois (2019) 

P. maniculatus 20.2   17.6   Blois (2019) 

P. truei 23.2   21   Blois (2019) 

  19.7 1.7  17 1.9  

 
Peromyscus gossypinus 

 
19.7 

   
19.7 

   
original photo (Martin) 

 21.4   23.2   original photo (Martin) 

 19.7   22.9   original photo (Martin) 

  20.3 1  21.9 1.9  

 
Podomys floridanus 

 
15.5 

   
23.5 

   
original photo (Martin) 

 21.9   23.9   original photo (Martin) 

 20.4   19.3   original photo (Martin) 

  19.3 3.3  22.2 2.5  

 
Onychomys torridus 

 
15.9 

   
15.3 

   
original photo (Martin) 

O. arenicola 24.8   16.9   original photo (Martin) 

O. leucogaster 27.7   19.2   original photo (Martin) 

  22.8 6.1  17.1 2  

 
Neotoma cinerea 

 
17.5 

   
20.2 

   
Blois (2019) 

 
Grand mean (all specimens) 

 
21.5 

   
20.5 

   

(extant Neotominae)        

 
 
 

Incertae sedis 
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Neotomodon alstoni 18.7   11.4   

 14.2   14.5   

 11.8   8.6   

 20.8   2.8   

  16.4 4.1  9.3 5 
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TABLE 2. Measurements (in mm) from resin casts of recently collected Honeymys mariae molars, Whisenhunt quarry, Oklahoma. L = length, W = 

width., SD = standard deviation. 

 

 
OMNH # m1 L m1 W m2 L m2 W m3 L m3 W M1 L M1 W M2 L M2 W M3 L M3 W 

 
 

75044 1.58 1.12 

75046 1.6 1.06 

75048 1.74 1.11 

75121 1.66 1.06 

75123 1.57 1.02 

75125 1.62 1.05 

75139 1.56 1.03 

mean 1.62 1.06 

SD 0.06 0.04 

 
75043 1.28 1.1 

75058 1.38 1.11 

75060 1.36 1.11 

75128 1.41 1.03 

75129 1.22 0.95 

75132 1.42 1.2 

75133 1.45 1.14 

mean 1.36 1.09 

SD 0.08 0.08 

 
75064 1.38 0.99 

75136 1.22 0.96 

75137 1.3 0.93 

mean 1.3 0.96 

SD 0.07 0.03 

 
75052 1.81 1.28 

75053 1.81 1.16 

75055 1.8 1.19 

75110 1.88 1.3 

75112 1.59 1.16 

75113 1.8 1.17 

mean 1.78 1.21 

SD 0.1 0.06 

 
75061 1.28 1.09 

75114 1.47 1.12 
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75115 1.29 1.22 

75116 1.33 1.14 

75117 1.34 1.18 

mean 1.34 1.15 

SD 0.08 0.05 

 
75063 1.1 1.04 

75118 1.09 1.02 

mean 1.1 1.03 

SD 0.01 0.01 
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APPENDIX 

Protocols for measuring the angle of alternation in Adobe Photoshop. 

Opening a single image file: 

1. Open image file with single M1 in Photoshop. 
2. Under View, choose Rulers. 
3. Drag vertical ruler over image. 

4. Choose Image/Rotation. Rotate in increments and move image until line is in center of wear surfaces of paracone 

and metacone. 

5. Use line tool with "shift" key to draw horizontal lines from paracone and metacone. 

6.  Use line tool to draw a line from base of previous lines in paracone and metacone to the protocone and 

hypocone, 

7. Choose Ruler under Analysis, anchor ruler at base of lines in paracone and extend the ruler line over the line from 

the paracone to the protocone. Record angle. 

8. Repeat for metacone-hypocone pair. 

 
Copying and pasting an image to a figure with other images: 
1. Paste image on figure with other images. 
2. Under View, choose Rulers. 

3. Drag vertical ruler over new image. 

4. Choose “Edit/Transform/Rotate” instead of  “Image/Rotation.” 
5. Using cursor, rotate and move new image until line intersects wear surfaces of paracone and metacone. 

6-9; follow 5-8 above. 


