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ARTICLE

NEW MATERIAL OF ADELPHAILURUS KANSENSIS SHEDS LIGHT ON THE CRANIAL

ANATOMY OF AN EARLY-DIVERGING MACHAIRODONTINE FELID

NARIMANE CHATAR, ®'2* and Z. JACK TSENG ®'!

'Functional Anatomy and Vertebrate Evolution Laboratory, Department of Integrative Biology, University of California, Berkeley,

CA, US.A., Narimane.chatar@berkeley.edu;
“Departamento de Ecologia y Geologia, Facultad de Ciencias, Universidad de Malaga, Spain

ABSTRACT—Adelphailurus kansensis is a puma-sized felid, originally described from fragmentary material in the Edson
Quarry (Kansas, Mio-Pliocene). Here, we describe a nearly complete cranium from the Wikieup local fauna of the Big
Sandy Formation, along with associated dental remains, and refer it to A. kansensis. Comparative analysis with Metailurus
major, Yoshi minor, Y. garevskii, and Y. yongdengensis reveals a unique combination of features. A. kansensis shares
certain traits with Merailurus (narrow snout, M1 orientation) and Yoshi (rounded cranial profile) but differs from both in
having thinner zygomatic arches of nearly constant width, a more pronounced postglenoid process, and specific dental
characteristics, including a P3 lacking an anterior accessory cusp and upper canines with serrations on both margins.
Geometric morphometric analyses place A. kansensis morphologically between Metailurus and Yoshi, illustrating its
intermediate cranial proportions yet confirming its distinctiveness. Several elements, including this cranium and previously
misattributed specimens, were originally referred to Pseudaelurus, highlighting the persistent taxonomic issues
surrounding early diverging felids. This study refines the diagnosis of A. kansensis, and clarifies its relationships within
“metailurins.”

SUPPLEMENTARY FILES—Supplementary files are available for this article for free at www.tandfonline.com/UJVP.
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INTRODUCTION

The machairodontine felid Adelphailurus kansensis was a
puma-sized felid, originally described from the late Hemphillian
(latest Miocene) deposits of the Edson Quarry, Kansas. The
holotype (KUVP 3462) consists of left and right maxillae with
a nearly complete dentition (lacking only the right M1)
(Hibbard, 1934). Since then, additional material has been
referred to this species. Harrison (1983) identified postcranial
remains from the Wikieup local fauna (Mohave County,
Arizona), housed at the American Museum of Natural History,
but did not describe the full set of fossil remains from the locality,
which includes a virtually complete cranium with associated
canines and mandibular fragments. Other referred material
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includes a maxilla (IGM 6674) and an isolated P4 from Mexico
(Lindsay, 1984) and a partial cranium with associated lower jaw
(MSM P7628) from Wikieup (Hodnett, 2010), although only
the jaw was figured. Therefore, the cranial anatomy of
A. kansensis remains poorly known.

Various authors have placed A. kansensis within Metailurini, a
tribe of machairodontine felids with relatively short upper
canines, including genera such as Metailurus and Dinofelis (e.g.,
Salesa et al., 2010; Turner & Antén, 1997). They are considered
by some authors to exhibit intermediate morphology between
other machairodontine felids and members of the genus Panthera
(Madurell-Malapeira et al., 2021). However, multiple authors
have expressed concern regarding the grouping of those taxa
(see Spassov & Geraads, 2015; Li & Spassov, 2017). Metailurini
was originally characterized as the least specialized tribe of
Machairodontinae (Harrison, 1983), with some authors even
proposing a distinct subfamily status, somewhere in between
machairodontines and non-machairodontine felids (Crusafont
& Aguirre, 1972). Suggested diagnostic traits of this group
include a reduced occipital region compared to machairodon-
tines and the presence of an antero-internal groove on the
upper canines (Harrison, 1983). However, the validity of the
group remains questionable and it has often served as a reposi-
tory for taxa lacking extreme sabertooth specializations.

A paucity of more complete material of Adalphailurus has pre-
vented the taxon from being incorporated into ongoing studies of
metailurine-grade felids. A recent study described new remains
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from the Upper Miocene deposits of northwestern China, the
basis for naming two new species: Yoshi yongdengensis and
Yoshi faie, and also introduced a remarkably complete skull of
an established species, Paramachaerodus schlosseri (Jiangzuo
et al., 2022a). This new material allowed to revise the phyloge-
netic relationships among ‘Metailurini’ including most of the
known species, notably highlighting some previously suggested
issues such as the paraphyly of the genus Paramachaerodus, but
also a quite low support for most internal nodes within metailur-
ini (Jiangzuo et al., 2022a). Adelphailurus kansensis was excluded
from that study due to the incompleteness of the holotype, and is
usually excluded from any phylogenetic analyses (Christiansen,
2012; Jiangzuo et al., 2022a; Jiangzuo, Werdelin, et al., 2022).
This omission is associated with challenges in resolving relation-
ships among Late Miocene taxa, underscored by recent studies
that highlight the taxonomic complexity within late Miocene
metailurine in the debate surrounding the genera Yoshi and
Metailurus. The genus Metailurus was erected by Zdansky
(1924) based on material from the upper Miocene of China
(M. major). Later, Yoshi was erected by Spassov & Geraads
(2015), arguing that the skull referred to M. minor (Zdansky
1924:pl. 30, figs. 1-3) differs markedly from M. major in its
smaller size, shorter rostrum, wider forehead, and overall
cranial proportions, and therefore should not be retained
within the same genus. The species originally described as
“Machairodus parvulus” by Hensel (1862), based on a fragment
of mandible from the Late Miocene (MNI12) in Pikermi
(Greece), was subsequently reported from several Eurasian
localities, although its type material remains taxonomically unin-
formative. As noted by Koufos (2022), much of the European
material historically attributed to Metailurus is incomplete and
problematic, and “Metailurus parvulus” has therefore been
treated with caution in recent literature.

The potential continuum of cranial morphological character-
istics in metailurine-grade felids has reinforced disagreements
in taxonomic interpretations among systematics workers. While
some authors have suggested that Yoshi may represent a junior
subjective synonym of “Metailurus parvulus” (see Madurell-
Malapeira et al., 2021), others maintain Yoshi as a valid genus
based on refined craniodental distinctions (e.g., Jiangzuo et al.,
2022a), arguing that while some traits used by Spassov &
Geraads (2015) to separate Yoshi from Metailurus are no
longer diagnostic because they also apply to the type of Metai-
lurus major, Yoshi remains a different genus due to its shorter
rostrum, higher crowned premolars, straighter canine and P4
morphology. However, Jiangzuo et al. (2022a) still noted that
Yoshi and Metailurus appear closer than originally thought.
The taxonomic debate also expands to the genus Paramachaero-
dus, with some authors (e.g., Jiangzuo et al., 2022a) considering it
within metailurine ‘tribe,” while others suggest it could include
Promegantereon (see Madurell-Malapeira et al., 2021). Given
the limited number of well-preserved specimens attributed to
this group, any new cranial material has the potential to signifi-
cantly refine our understanding of their anatomy, ecology, and
evolutionary relationships. Here, we describe the first complete
skull of A. kansensis, providing a detailed comparative analysis
with similarly sized felids. Our results show that A. kansensis
exhibits cranial morphology intermediate between the genera
Yoshi and Metailurus, offering new insights into the morphology
and systematics of this enigmatic machairodontine.

MATERIAL AND METHODS
Material for Comparative Descriptions

Comparative descriptions were based on well-preserved other
machairodontine felid crania. In this study, Yoshi minor is con-
sidered a valid species following Jiangzuo et al. (2022a) although

some authors regard the genus Yoshi as a junior subjective
synonym of Metailurus parvulus (see Madurell-Malapeira et al.,
2021). The comparative sample includes:

Yoshi minor (two skulls: PMU 21766/1 and PMU 21767/1).
Initially described by Zdansky (1924) as ‘Metailurus minor’
(labeled M3836 and M71, respectively) and later reassigned to
Yoshi by Spassov and Geraads (2015).

Yoshi garevskii (MMNH-Sk KAR 69). Based on 3D models of
the type specimen described by Spassov and Geraads (2015)
from the upper Miocene (Turolian) of Macedonia (Karaslari,
Vardar Basin).

Metailurus major (PMU 21771-1). The type skull described by
Zdansky (1924) from the Upper Miocene deposits in the Baode
area in Shanxi Province, north China (Loc. 30: ‘Tay-Chia-Kou’ in
Zdansky, 1924 or Daijiagou in modern Chinese pinyin), and a
cast (AMNH F:M 131854, cast of IVPP 5679) labeled “Metailurus
sp.” from the Hounao Quarry (Yushe Basin, Shanxi Province,
China). While most of the basin is Pliocene in age, Hounao
Quarry was assigned to the Late Miocene (Z.-X. Qiu &
Tedford, 2013; Wei & Hu, 1994). However, the AMNH cast is
dorsoventrally compressed, and was therefore given limited
weight in the comparison but it preserves the basicranium
(missing in the holotype), allowing additional comparison, par-
ticularly in ventral and posterior views.

Yoshi yongdengensis (YLSNHM 01795). The type skull
described by Jiangzuo et al. (2022b) from the upper Miocene
of Yongdeng, China.

Yoshi faie (IVPP V31254). The type specimen (a rostrum)
described by Jiangzuo, Niu, et al. (2022) from the upper
Miocene of Yongdeng, China.

Scans of all the comparative specimens were obtained using a
Creaform Handyscan laser scanner, with a resolution of 0.2—
0.5 mm. The holotype of Adelphailurus kansensis was not exam-
ined directly as we did not have an opportunity to visit its repo-
sitory, but a cast housed at the Yale Peabody Museum (YPM VP
014162) was scanned for comparison. High resolution surface
scans of the cranium AMNH F:AM 62192 and the upper
canine AMNH F:AM 62249 are available on MorphoSource
(project ID  000770658):  https://www.morphosource.org/
projects/000770658. Other remains were photographed but not
scanned.

Morphological variation among taxa was assessed by capturing
screenshots of 3D models in dorsal, ventral, lateral, anterior, and
posterior views using the snapshot tool in Meshlab (Cigoni et al.,
2008) using the orthographic camera enabled to maintain parallel
lines and avoid distortion. Linear measurements were taken
directly on the 3D models in GeoMagic Wrap (Artec 3D,
2021), and angular measurements were taken from lateral-view
screenshots in ImageJ (Rasband, 2012). For comparative pur-
poses, diastema length, mandible length, and the angle between
the mandibular symphysis were measured on Yoshi and Metai-
lurus major specimens, as well as on the newly described
A. kansensis mandibular.

To quantify the cranial shape of the newly referred specimen
AMNH F:AM 62192 we placed a series of points and curves in
Stratovan Checkpoint (Stratovan Corporation, 2023), using the
same landmark scheme as in Chatar et al. (2024). We then
extracted a subset of machairodontine felids landmarks from
the same publication and performed Procrustes superimposition
and a principal component analysis (PCA) using the geomorph
package (Adams & Otérola-Castillo, 2013) in the R statistical
environment (R Core Team, 2021). The R script used to
perform the analyses is available as Supplemental File 1 and
the landmark coordinates for AMNH F:AM 62192 are available
as Supplemental File 2. The 3D models used for comparison were
available on MorphoSource: https://www.morphosource.org/
projects/000548886. As 3DGM analyses require high-resolution
3D surface models, it was not possible to include all taxa
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mentioned in the comparative description in the morphospace
and/or the phylogenetic analysis (e.g., Yoshi yongdengensis).
Conversely, anatomical description and detailed phylogenetic
scoring may be limited when based solely on 3D models
lacking texture or firsthand observations. For these reasons,
OTUs differ in each section. All specimen numbers included in
each analysis are listed in Table S1 (Supplementary File 3).

Institutional Abbreviations—AMNH, Division of Paleontol-
ogy, American Museum of Natural History, New York, NY,
US.A.; F:AM, Frick fossil mammal collection, Division of
Paleontology, American Museum of Natural History,
New York, NY, US.A.; KUVP, Vertebrate Paleontology Collec-
tions, Biodiversity Institute and Natural History Museum,
Kansas University, Lawrence, KS, U.S.A.; MMNH-Sk, Macedo-
nian Museum of Natural History, Skopje, Republic of Macedonia
(FYROM); PMU, Evolutionsmuseet, Paleontological Museum
Uppsala Universitet, Uppsala, Sweden; YPM, Peabody
Museum, Yale University, New Haven, CT, US.A.

Phylogenetic Analysis

Our phylogenetic analysis is based on the morphological char-
acter matrix published by Barrett and Hopkins (2024) which
includes 124 species of fossil and extant feliform carnivorans,
five caniform outgroups, and 324 characters. That study is the
most complete phylogenetic work published including machairo-
dontine felids, combining morphological and molecular data,
notably characters based or modified from multiple previous
studies (Barrett, 2016, 2021; Barrett et al., 2021; Barrett &
Hopkins, 2024; Christiansen, 2008, 2012; Morales et al., 2019;
Peigné, 2003; Robles et al., 2013; Rothwell, 2003; Sakamoto &
Ruta, 2012; Salesa et al., 2010, 2012; Salles, 1992; Spaulding &
Flynn, 2012; Tseng & Wang, 2007; Van Valkenburgh et al.,
1990; Werdelin & Solounias, 1991; Wesley-Hunt & Flynn,
2005). However, one character (character 175) was missing
from the 2024 character list and was added following personal
communication with the first author (Paul Z. Barett pers.
comm.). First, we opened the Nexus file in Mesquite (Maddison
& Maddison, 2019), reduced the list of taxa to Felidae (32
species) and only kept Canis latrans frustror as outgroup. Then
we added Adelphailurus kansensis as a new operational taxo-
nomic unit (OTU) and coded the characters for this new OTU
using 3D scans and pictures of the material mentioned above.
After careful evaluation, we chose to use Barrett and Hopkins
(2024) over Jiangzuo et al. (2022b) despite the latter incorporat-
ing more machairodontine felids for the following three meth-
odological reasons:

(1) Character sampling, Barrett and Hopkins (2024) include 324
characters, compared to only 72 in Jiangzuo et al. (2022b).
Empirical studies have shown that increasing character
sampling generally improves phylogenetic resolution and
stability (see Scotland et al. (2003) and references therein)
and a more recent study suggested that between 100 and
500 variable characters are necessary to achieve robust Baye-
sian topologies (Capobianco, 2025), therefore suggesting
that Jiangzuo et al. (2022b) might not contain enough charac-
ters to fully resolve the relationship between machairodon-
tine felids.

(2) Character composition, the Jiangzuo et al. (2022b) matrix is
strongly dominated by dental characters (>65%): 47 dental,
21 cranial, and 4 mandibular characters, whereas Barrett
and Hopkins (2024) contains 92 dental, 103 cranial + man-
dibular and 130 postcranial characters. Previous studies
have repeatedly shown that dental characters tend to
exhibit higher rates of morphological evolution and that
dietary pressure increases convergence, making them less
reliable for the reconstruction of fossil mammal

phylogenies (e.g., Billet & Bardin, 2019; Brocklehurst &
Benevento, 2020; Harjunmaa et al., 2014; Kavanagh et al.,
2007) and that the inclusion of morphological characters
other than dental tend to provide results that align more
with molecular data.

(3) Character documentation, Barrett and Hopkins (2024),
provide an extensive character description document (40
pages), including measurements and explicit state defi-
nitions. In Jiangzuo et al. (2022b), character descriptions
are more condensed, summarizing all the characters in a
one page Excel file with the delimitation between character
states also being less clear, which makes consistent re-
scoring without firsthand material more challenging.

For these reasons, we consider Barrett and Hopkins (2024) to
provide a more suitable framework for the specific objectives of
this study. Our aim is not to produce a comprehensive revision of
the machairodontine phylogeny, but to document new cranial
material of Adelphailurus kansensis, and make a high-resolution
3D model available. A full-scale phylogenetic reassessment of all
early diverging machairodontines would require extensive first-
hand study of numerous taxa and is beyond the scope of the
present contribution.

We updated the character list in the following ways: we
removed character 1 [lacrimal facial process: [0], broad rostral
flange; [1], small, present on face; [2], not present on face; [3],
orbital flange reduced to area around lacrimal foramen
[Wesley-Hunt & Flynn, 2005]: character 1]. The limit between
state 2 and 3 was too subtle in our assessment and introduced
uncertainty. We modified character 46: P4 protocone: (0) large,
well-developed; (1) reduced or absent (Wesley-Hunt & Flynn,
2005): character 56) as the size of the P4 protocone compared
to the parastyle to better define the character. We deleted char-
acter 324 (petrobasilar foramen) as it was not coded for any
single taxon (including outgroups) in our trimmed matrix and
was therefore uninformative. This resulted in a matrix compris-
ing 322 characters and 34 taxa. The updated matrix, character
lists, and various output files are also available on Morphobank:
https://www.morphobank.org/permalink/?P6080.

We used TNT v1.5 (Goloboff & Catalano, 2016) to perform
parsimony cladistic analysis under implied weighting using the
same scripts as in Chatar et al. (2022b) (script provided in Sup-
plementary File 4). We expanded the memory of TNT to a
maximum of 100,000 trees. We set the search parameters to:
new technology search; 200 ratchet iterations; 10 cycles of drift-
ing; five hits; and five replications for each hit. We then used
the tree branch bisection and reconnection (TBR) algorithm to
fully explore the tree islands identified by the ratchet. Nodal
support was measured using symmetric resampling with 1000
replications, each replication involving a new technology search
with a change probability of 33%. We choose symmetric resam-
pling over bootstrapping or jack-knifing because this measure is
not affected by character weighting and is thus more appropriate
to deal with implied weights (Goloboff et al., 2003). As the analy-
sis published by Barrett and Hopkins (2024) comprised molecu-
lar data for extant taxa which was not available in our implied
weighting analyses, we applied constraints in TNT to fix the top-
ology of extant species as a scaffold (see script in Supplementary
File 4). We employed a single concavity value (k = 8) following
(Ezcurra, 2024) (see Table S2 in Supplementary File 3 for more
details such as tree length, best score). To do so, we used the
maximum branch length method of the timePaleoPhy function
from the strap vl.4 package in R with vartime=3 (Bell &
Lloyd, 2015) and a dataset describing the temporal biozones of
each OTU.

We then generated the time tree using the geoscalePhylo func-
tion from the paleotree v3.3.25 package (Bapst, 2012).
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SYSTEMATIC PALEONTOLOGY

Order CARNIVORA Bowdich, 1821
Family FELIDAE Fischer, 1821
Subfamily MACHAIRODONTINAE Gill, 1872
ADELPHAILURUS KANSENSIS, Hibbard, 1934

Included Taxa—Pseudaelurus hibbardi (junior synonym,
according to Hodnett (2014)).

Etymology—From Adelphos (brother) and ailurus (cat).

Holotype—KUVP 346, a left and right maxillae bearing a very
well-preserved dentition only lacking the right m1.

Type Locality—Edson Quarry, Sherman County, Kansas.

Age—late Hemphillian North American Land Mammal Age
(NALMA), 6.8-4.75 Ma.

Newly Referred Specimens—AMNH F:AM 62192, a virtually
complete cranium (Fig. 1) and a fragment of right hemimandible
AMNH F:AM 62195 (Fig. 2) from Clay Bank Quarry, Mohave
Co, Arizona, Big Sandy Fm (late Hemphillian) (Fig. 3A, B).
Three isolated upper canines, AMNH F:AM 62249, AMNH F:
AM 62249A, AMNH F:AM 62216A (Fig. 2) from Bird Bone
Quarry, Mohave Co, Arizona, Big Sandy Fm (late Hemphillian)
(Fig. 3A, B). Note that Bird Bone Quarry is situated 125 m west
of Clay Bank Quarry (MacFadden & Skinner, 1979) and the two
are considered nearly contemporaneous (Bickart, 1990; Macfad-
den et al., 1979).

Additional Material—See Fig. 3C for a map showing the
different fossil localities. AMNH F:AM 62224 (partial humerus
with associated radius and ulna), AMNH F:AM 104740 (first
phalanx), AMNH F:AM 104741 (first phalanx) from the Edson
Quarry (Kansas, US.A.); AMNH F:AM 62225, (radius),
AMNH F:AM 62230 (partial radius) from Marshall Ranch
(Nebraska, U.S.A.); TMM 41261-3 (Fragment of left dentary)
from Coffee Ranch (Texas U.S.A.); MSM P7628 (Fragment of
skull associated with complete lower jaws) from Big Sandy Fm,
Mohave Co (Arizona, US.A.); IGM 6674 (maxilla with P3—
P4) and IGM 6673 (isolated P4) from Guanajuato, Mexico.

Diagnosis—Prominent P4 parastyle; P4 paracone, and meta-
cone strongly developed and separated by a deep carnassial
notch. Vestigial P2 located at an oblique angle to the dentition
line. Small diastema between P2 and P3. Greatly reduced diastema
between P2 and the upper canine. Upper canines bearing an
anterior and posterior cutting edge, the anterior one being less pro-
nounced distally than in the proximal half. Upper canines slightly
serrated near the base. Deep groove present behind the anteroin-
ternal edge, extending nearly to the tip of the canines. Broad naso-
maxillary processes, rounded at the end and almost parallel.

Emended Diagnosis—Average-sized machairodontine felid
with a wide frontal region, relatively narrow and elongate snout
slightly constricted at the level of the infraorbital foramen, very
thin zygomatic arches of nearly constant width in dorsal view,
palate short and wide, major posterior palatine foramen positioned
near the level of the P4 paracone, and M1 oriented almost perpen-
dicular to P4. Palatine process medial to M1 absent. Postglenoid
process pronounced; glenoid fossa relatively narrow. Upper
canines laterally flattened with serrations on both anterior and pos-
terior margins, the posterior edge more strongly developed than the
anterior one; anterolingual surface bearing a slight groove.

TABLE 1. Dental measurements (in mm) in AMNH F:AM 62192 and
YPM VP 014162.

YPM VP 014162 AMNH F:AM 62192  Size difference

Right P4 23.54 21.67 7.94%
Right P3 15.49 14.49 6.49%
Left P4 24.05 21.11 12.22%
Left P3 15.65 14.47 7.54%

AVERAGE: 8.54%

Differential Diagnosis—Differs from both Yoshi spp. and
Metailurus major in exhibiting thinner zygomatic arches of con-
stant width rather than anteriorly thickened, a more pronounced
postglenoid process, absence of a posterior palatine process
medial to M1, and an upper canine morphology with both
anterior and posterior serrations (anterior less pronounced dis-
tally). Differs from Yoshi spp. in having a smaller braincase; rela-
tively narrower and longer snout; infraorbital foramen opening
slightly dorsally rather than entirely anteriorly; narrower
glenoid fossa; mastoid process more developed than in Yoshi
spp., being more similar to M. major; upper P3 lacking anterior
accessory cusp; diastema between lower canine and p3 propor-
tionally longer; ventral border of mandible flatter. Differs from
Metailurus major in having zygomatic arches more rounded
and wider in dorsal view; upper P3 lacking anterior accessory
cusp; M1 smaller and oriented at ~90° to P4 rather than
oblique; infraorbital foramen opening less dorsally; postglenoid
process less developed than in M. major.

DESCRIPTION AND COMPARISON

The newly referred cranium is approximately 8.5% smaller than
the holotype based on dental measurements (Table 1). However,
once scaled to 91.5%, the two maxillae of KUVP 346 are very
comparable to AMNH F:AM 62192 as shown in Fig. 4.

Cranium

The specimen AMNH FAM 62192 is a virtually complete,
three-dimensionally preserved cranium (Fig. 1). The dentition
is relatively well preserved, although all incisors, both upper
canines, and the second premolars are missing. The left auditory
bulla is broken, and plaster covering the nasal region prevents a
detailed description of the nasal bones.

Dorsal View—In dorsal view, the cranium is short, wide, and
strongly rounded, with broadly flared zygomatic arches. These
arches are thinner than in Yoshi minor and Metailurus major, and
strikingly thinner than in Y. yongdengensis. In outline, the arches
are wide and rounded, resembling Y. yongdengensis, whereas
M. major exhibits narrower, more triangular arches (Fig. 5).

The snout is narrow, resembling M. major, whereas both Yoshi
species have a proportionally shorter and wider snout. In
A. kansensis, the snout is slightly constricted at the level of the
infraorbital foramen, a condition also seen in M. major (Fig. 5).
In both A. kansensis and M. major, the infraorbital foramen is
clearly visible in dorsal view, in contrast to Yoshi spp. where it
opens more anteriorly. Although the skull of AMNH F:AM
62192 superficially resembles the holotype of Y. yongdengensis
in dorsal view (Jiangzuo et al., 2022a:fig. 3a) the striking differ-
ence is the snout that appear closer to that of M. major.

A slight depression is present in the glabellar region, weaker
than in Y. garevskii or M. major, but more pronounced than in
Y. minor (Fig. 5). All specimens except Y. minor display a
depression between the nasal bones, although this may be tapho-
nomic. The postorbital processes are short and blunt, closely
resembling those of Y. minor.

The braincase is relatively narrow compared to Y. minor and
Y. garevskii, similar in size to M. major, but lacking the postorbi-
tal constriction seen in the latter (Fig. 5). The frontal region is
broad and most closely resembles Y. minor. The sagittal crest is
smallest in Y. garevskii; in A. kansensis, it is similar in develop-
ment to Y. minor. The nuchal crest is well developed and compar-
able to that of Y. minor, though it is partially broken in
Y. garevskii and completely absent in the preserved material of
M. major, precluding comparison with those taxa.

Ventral View—The palate of A. kansensis is relatively short
and wide compared to M. major, and closely resembles that of
Y. garevskii and Y. minor (Fig. 6), maybe somewhat wider than
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FIGURE 1. Cranium of Adelphailurus kansensis AMNH F:AM 62192 in A, ventral; B, dorsal; C, anterior; D, posterior; and E, lateral view.
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Y. faie and Y. yongdengensis. The incisor row is only slightly
curved, intermediate between the condition in Yoshi spp. and
M. major. The alveolus for P2 is present, although the tooth
itself is missing, indicating the presence of a vestigial P2 in
A. kansensis, while it is absent in M. major, Y. garevskii, Yoshi
faie, and Yoshi minor. All incisors are absent, but alveolar evi-
dence shows that I3 was much larger than 12 and I1, the latter
two being similar in size. The choana region is poorly preserved,
but appears to open well behind M1, in a position more posterior
than in Y. minor and comparable to that of Y. garevskii, M. major,
and Y. yongdengensis (Fig. 6). Jiangzuo et al. (2022b) noted the
presence of a distinct posterior process of the palatine medial
to M1 in Y. yongdengensis. This process is present in Y. minor
and on the left side of M. major, but is absent in both
Y. garevskii and A. kansensis (Fig. 6).

The major posterior palatine foramen lies much farther ante-
riorly than in Y. minor, Y. garevskii, or M. major, positioned
near the level of the P4 paracone: an arrangement extremely
similar to that in Y. yongdengensis (Jiangzuo et al., 2022a). The
glenoid fossa is relatively narrow, narrower than in M. major.
In ventral view, the postglenoid process is more developed
than in Y. minor, but less so than in M. major (Fig. 6).

In ventral view, the postglenoid process appears more devel-
oped than in Y. minor, but less than in M. major. The foramen
ovale is not well visible in ventral view; it is most clearly seen
in Y. minor, followed by M. major, but is barely discernible in
Y. garevskii, A. kansensis (Fig. 6) or Y. yongdengensis (Jiangzuo
et al., 2022a). The auditory bullae are damaged but most

closely resemble those of Y. garevskii (Fig. 6), and the spacing
between the bullae appears similar across all compared species.
The mastoid process is expanding laterally enough to be slightly
visible in dorsal view. Occipital condyles appear somewhat
smaller than in Y. minor or Y. garevskii. The occipital condyles
are somewhat smaller than in Y. minor or Y. garevskii. The con-
dylar foramen lies slightly closer to the auditory bulla than in
Y. minor. Although this feature is not preserved in PMU
21771-1, Roussiakis (2001) noted a similar proximity in the
M. major specimen from Pikermi, in Greece.

Finally, the zygomatic arches are wide and rounded in both
ventral and dorsal views (Figs. 5, 6), more so than in Yoshi spp.
or M. major, and somewhat comparable to the condition in the
extant snow leopard (Panthera uncia).

Lateral View—In lateral view, the postglenoid process is more
pronounced than in Yoshi spp. or M. major (Fig. 7). All compared
specimens display a rounded dorsal cranial profile. In Yoshi and
Metailurus major, the mastoid process is relatively small com-
pared to taxa with extreme sabertooth adaptations; it is vertically
oriented and does not extend ventrally beyond the lower margin
of the auditory bulla, although in M. major it reaches approxi-
mately the same level.

In A. kansensis the region surrounding the auditory bullae is
damaged (see Fig. 1A) but the preserved portion of the
mastoid process appears more similar to M. major than to
Yoshi spp. In all taxa compared, the infraorbital foramen opens
just anterior to the P4. In Y. minor and Y. garevskii, the
opening faces entirely anteriorly, whereas in M. major it is
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FIGURE 4. Comparison of A, the newly referred specimen of A. kansensis described in this contribution; and B, a cast of the holotype. AMNH F:AM

62192 scan © American Museum of Natural History.

directed slightly dorsally. A. kansensis shows a predominantly
anterior orientation with a slight dorsal inclination. The orbit is
proportionally wide for a felid of this size, though missing por-
tions of the jugal prevent a complete assessment of its size.

Anterior View—The nasal cavity of A. kansensis is narrower
than in Yoshi spp., closely resembling M. major (Fig. 8). The
rostral opening of the infraorbital foramen is smaller than in
Yoshi spp., but somewhat larger than in M. major.

Posterior View—In posterior view, the nuchal ridge of
A. kansensis is rounded, in contrast to the triangular shape
seen in Yoshi spp. (Fig. 8). Although the nuchal crest is not pre-
served in the M. major holotype from Baode, it is triangular in
posterior view in Metailurus sp. AMNH F:M 131854.

The posterior section of the zygomatic arches in A. kansensis is
thin and comparable to Yoshi spp., whereas in M. major it is even
thinner. In Yoshi spp. and M. major, the arches are very thin pos-
teriorly and thicken anteriorly, whereas in A. kansensis they main-
tain a consistent thickness along their length (Figs. 7, 8). The
braincase closely resembles that of M. major in posterior view.

Upper Dentition

The upper P4 of A. kansensis has a well-developed protocone,
with a cingulum larger than in Y. minor but less developed than in
M. major. As noted by Spassov and Geraads (2015) the P3 of
Yoshi lacks a distinct mesial accessory cusp. In A. kansensis,
the P3 has no anterior cusp, resembling Y. minor, whereas
M. major bears a well-developed one.

The M1 is present, but reduced to a single cusp contrary to
Y. minor which exhibits a more developed M1 with a main
cusp and a small accessory cusp, and M. major which exhibits a
single cusped M1 that is nearly twice as large as in
A. kansensis. In A. kansensis, the M1 is positioned almost perpen-
dicular to the P4, as in Yoshi spp. In contrast, M. major possesses
a larger M1 that forms a ~60° angle with the P4.

The specimen AMNH FAM 62192 is associated with several
other remains, including a mandible (Fig. 2A, B) and isolated

upper canines (Fig. 2C, G). Although there is no definitive evi-
dence that these elements belong to the same individual, the
upper canines closely match those of the A. kansensis holotype
(KUVP 346). These canines are laterally flattened and bear
two cutting edges, with the posterior one well marked. Hibbard
(1934) distinguished A. kansensis from Metailurus major by the
presence of a primary cutting edge mainly along the posterior
margin of the upper canine, which is slightly serrated (Fig. 2G).
Harrison (1983) contested this, noting that A. kansensis also
has an anterior cutting edge, although less pronounced distally
than proximally. The upper canines associated with AMNH F:
AM 62192 exhibit serrations on both margins, weaker on the
anterior side and fading distally. The anterolingual surface
bears a slight groove. Hibbard (1934) also described a unique
medial groove along the anterior edge of the upper canines;
the morphology on the isolate canines matches Harrison’s
description (Harrison, 1983), and they are hitherto referred to
A. kansensis.

By contrast, species of Yoshi possess upper canines without
crenulations, with an anterior keel positioned mesially rather
than mesio-lingually. In Yoshi, the lingual surface is flat to slightly
convex, while the buccal surface is slightly flattened to convex
(Spassov & Geraads, 2015).

Mandible and Lower Dentition

The mandibular fragment AMNH F:AM 62195 bears strong
wear facets on both the lower canine and ml (Fig. 2A, B). It
lacks a mandibular flange and has a single mental foramen
located slightly anterior to the mesial tip of p3. The mandibular
corpus is relatively slender. The ventral border of the mandible
is relatively flat and less convex than in Y. garevskii, but not as
straight as in M. major. The angular process is well developed.
The anterior accessory cusp is small, smaller than the posterior
one, which is similar to the condition observed in Yoshi minor
and not very common in felids.
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FIGURE 5. 3D models of crania in dorsal view scaled to the same length for comparison. A, Yoshi minor; B, Yoshi garevskii; C, Adelphailurus kan-
sensis; and D, Metailurus major. AMNH F:AM 62192 scan © American Museum of Natural History.
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FIGURE 6. 3D models of crania in ventral view scaled to the same length for comparison. A, Yoshi minor; B, Yoshi garevskii; C, Adelphailurus kan-
sensis; and D, Metailurus major. AMNH F:AM 62192 scan © American Museum of Natural History.
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FIGURE 7. 3D models of crania in lateral view scaled to the same length for comparison. A, Yoshi minor; B, Yoshi garevskii; C, Adelphailurus kan-
sensis; and D, Metailurus major. AMNH F:AM 62192 scan © American Museum of Natural History.

The diastema of Y. minor and Y. garesvkii appear of similar
proportion relative to the mandible length (see Table 2,
Y. minor = 65%, Y. garevski = 7.9%) whereas that of
A. kansensis is proportionally longer (12.9%), almost as long as
in M. major (13.3%) (Table 2). The masseteric fossa extends
anteriorly to the level of m1. The m1 bears a distinct talonid.
The p4 has a small but distinct anterior accessory cusp, a large
posterior accessory cusp, and a well-defined cingulum. The p3
shows two distinct posterior accessory cusps. The angular
process is well-developed.

Within compared taxa (Y. minor, Y. garesvkii, M. major, and
A. kansensis), the most vertical mandibular symphysis (closest to
90°) is seen in Y. garevskii (76.2°), though this may be taphonomic.
M. major follows (69.5°), while Y. minor has the lowest value
(65.4°). A. kansensis (66.5°) is closer to Y. minor in this regard.

Adelphailurus kansensis in the Machairodontine Felids
Morphospace

Our PCA on a subset of felids from Chatar et al. (2024)
retrieved 22 axes, the first two explaining respectively 39.01
and 14.88% of variance (Fig. 9). The first axis mainly discrimi-
nates between taxa with longer or shorter upper canines with
higher PC1 values occupied by taxa bearing the most elongated
upper canines, which are associated with notable shape differ-
ences such as the development of a stronger sagittal crest, a pro-
truding premaxilla, shortened and thickened zygomatic arches,
less developed temporal fossa, an enlarged mastoid process,

among others. All of those traits are considered typical ‘saber-
tooth traits’ (see Anton et al., 2004). The species exhibiting the
highest PC1 value being Smilodon populator.

On the other hand, in the lowest PC1 values we find taxa with the
shortest upper canines such as Yoshi spp., Metailurus spp., or Dino-
felis spp. (Fig. 9), which still differ from non-machairodontine
felids in terms of cranial shape but do not exhibit the extreme mor-
phological specialization seen in taxa bearing longer upper canines
occupying high PC1 values. The specimen exhibiting the lowest
values on PC1 belongs to the specimen AMNH F:M 131854
labeled as Metailurus sp., followed by the newly described speci-
men of A. kansensis. Shape variations on PC2 are more subtle,
involving rotation of various parts of the cranium.

Our morphometric analysis confirms the results of the mor-
phological comparison: the newly referred specimen of
A. kansensis has a morphology somewhat in between of the
genera Yoshi and Metailurus. Adelphailurus kansensis falls in
the range of Metailurus spp. on PC1 but is halfway in between
Metailurus and Yoshi on the second axis.

Phylogenetic Analyses

Our analysis retrieved three equally parsimonious trees
(length = 895), the only variation was the position of Adelphai-
lurus kansensis and Promegantereon ogygia. Adelphailurus kan-
sensis was either retrieved as: (1) an early diverging lineage
nested in between Pseudaelurus validus and all the other felids
with a resampling probability of 67, (2) an early diverging
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FIGURE 8. 3D models of crania in anterior and posterior view scaled to the same width for comparison. A, Yoshi minor; B, Yoshi garevskii; C, Adel-
phailurus kansensis; and D, Metailurus major. AMNH F:AM 62192 scan © American Museum of Natural History.

branch at the base of machairodontine felids with a resampling
probability of 78, or (3) a sister taxon to Pr. ogygia forming a
clade at the base of machairodontine felids with a resampling
probability of 82. A screenshot of each tree is available in Sup-
plementary File 4, alongside the log file from TNT and a MPT
file containing the three trees. The strict consensus tree therefore
creates a polytomy at the base of felids with Pr. ogygia and
A. kansensis (Fig. 10). We were not able to score a majority of
characters for A. kansensis, which could partially explain its
uncertain position. However, TNT highlighted a Consistency
Index (CI) of 0.349, and a Retention Index (RI) of 0.429. Both
those metrics are measures of homoplasy; CI being obtained by
dividing the number of steps expected given the number of char-
acter states in the data by the actual number of steps whereas the
retention index measures the amount of synapomorphy expected
from a data set that is retained as synapomorphy on a cladogram.
A low CI (0.349) indicates a dataset with substantial homoplasy.
The average RI (0.5) highlights only moderate retention of phy-
logenetic signal, meaning that many characters are either conver-
gent/reversed or only partly consistent with the inferred tree.

These metrics suggest that there is room for character list
improvement in future studies.

DISCUSSION
Adelphailurus within Machairodontinae

The relationships within “metailurins,” and between “metailur-
ins” and other felids, remain poorly resolved. Some authors have
suggested grouping multiple genera (Stenailurus, Fortunictis, and
Adelphailurus) under the genus Metailurus (see Andersson &
Werdelin, 2005), which was later refuted by multiple authors
(Jiangzuo et al.,, 2021a; Jiangzuo et al., 2022a; Spassov &
Geraads, 2015; Yu, 2014). Our description and morphometric
analyses support considering Adelphailurus as a genus distinct
from Metailurus.

Spassov and Geraads (2015) erected Yoshi based on several
cranial and dental differences from M. major, including a
wide forehead, rounded dorsal cranial profile, very short
rostrum, high-crowned premolars, and a very low second lobe

TABLE 2. Measurements on the lower mandible of selected specimens. Lengths are given in mm and angles are given in degrees.

Mandible length ~ Ratio diastema mandible ~ Symphysis angle

Taxon Specimen ID Diastema length
Yoshi minor PMU-21766/2 (left) 6.568
PMU-21766/2 (right) 5.477
PMU 21767/2 7.846
AVERAGE 6.630
Yoshi garevskii MMNH-Sk KAR 69 (left) 8.424
MMNH-Sk KAR 69 (right) 8.850
AVERAGE 8.637
Metailurus major PMU 21771/2 (left) 18.074
PMU 21771/2 (right) 18.547
AVERAGE 18.311
Adelphailurus kansensis AMNH F:AM 62195 15.654

101.189 0.065 66.214
102.011 0.054 68.422
102.084 0.077 61.500
101.761 0.065 65.379
108.420 0.078 73.312
109.400 0.081 78.995
108.910 0.079 76.154
137.534 0.131 70.304
138.224 0.134 68.511
137.879 0.133 69.408
121.796 0.129 66.525
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of the P4 metacone/metastyle. Jiangzuo et al. (2022b) later dis-
puted some of these characters, specifically the wide forehead
and rounded dorsal profile, arguing that they also occur in
M. major. Our re-examination of the M. major holotype and
several Y. minor specimens suggests that Yoshi generally exhi-
bits a larger forehead and more rounded cranial profile than
Metailurus, consistent with Spassov and Geraads (2015).
However, as noted by Jiangzuo et al. (2022b), the distinction
between these two genera is not always clear-cut. The rising
realization that machairodontine felids exhibit a continuum of
morphological disparity, often challenging our preexisting
well-defined categories, parallels recent studies highlighting a
continuum of cranial shape and mechanical behavior within
the group (e.g., Chatar et al., 2021, 2022a, 2024; Figueirido
et al.,, 2018; Lautenschlager et al., 2020; Pollock et al., 2025;
Shelbourne & Lautenschlager, 2025). Interestingly, our descrip-
tion of new A. kansensis material reveals a morphology inter-
mediate between Yoshi and Metailurus. This observation is
supported by our geometric morphometric analyses:
A. kansensis plots in morphospace midway between Metailurus
sp. AMNH 131854 and Yoshi spp. on PC2, but closer to Metai-
lurus sp. on PC1. Nevertheless, A. kansensis differs from Metai-
lurus in several features, including the overall shape of the
zygomatic arches, a more rounded and wider cranium, and a
P3 lacking a distinct anterior accessory cusp. It also differs
from both Yoshi and Metailurus in having thinner zygomatic
arches of nearly constant width.

Although “metailurin” relationships remain debated, our
new material confirms that Adelphailurus is morphologically
distinct from the genera Yoshi and Metailurus, a conclusion

reinforced by geometric morphometric. Our phylogenetic ana-
lyses did not resolve those relationships, in part due to the high
proportion of missing data or the strong presence of homoplas-
tic characters in the matrix employed (see our RI and CI
values). The unresolved position of Adelphailurus is consistent
with the prevailing interpretation of some metailurines as
having fewer derived sabertooth characteristics and most
other machairondontines, and thus belong in a more stemward
position on the phylogeny. The inclusion of other ‘metailurins’
(e.g., Y. minor, Y. garevskii, etc.) in the analysis could help
shed light on the early stages of machairodontine cladogenesis
in the future. Recent work has questioned the monophyly of
“Metailurini” and emphasized the close but ambiguous
relationships among Yoshi, Metailurus, and Paramachaerodus
(e.g., Jiangzuo et al. 2022a; Madurell-Malapeira et al., 2021).
Expanding the taxonomic sampling of early-diverging forms
(particularly additional species traditionally referred to “metai-
lurines” such as Y. minor or Y. garevskii) in the present matrix
may help clarify the early stages of machairodontine cladogen-
esis. While our study does not resolve these broader taxonomic
uncertainties, it reinforces the notion that early machair-
odontine evolution was characterized by substantial morpho-
logical convergence and phylogenetic instability and highlight
the need to find better European and North American
specimens.

Late Miocene Felid Dispersion in North America

Extensive faunal interchange occurred between Eurasia and
North America during the Neogene, and for carnivorans
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particularly during three major dispersal waves: ca. 21-18 Ma,
ca. 7-8 Ma, and in the Early Pliocene (around 4 Ma) (Qiu,
2003). Several carnivoran genera are considered likely Eurasian
immigrants to North America, including Lynx, Trigonictis,
Canimartes, Enhydra, Enhydriodon, Ursus, and Chasma-
porthetes (Repenning, 1967). It has been proposed that the
first felid migration into North America occurred between 18
and 7 Ma (Repenning, 1967), outside the main dispersal
waves, and involved early-diverging felids traditionally labeled
as Pseudaelurus (Polly, 2020) marking the end of the ‘cat
gap’ (Van Valkenburgh, 1989), a period during which no
fossils of cat-like taxa are known from North America follow-
ing the extinction of the last non-barbourofeline nimravid
around 23 Ma (Van Valkenburgh, 1999). In this context, Adel-
phailurus specimens have been described from several Hem-
phillian (latest Miocene—earliest Pliocene) localities in the
U.S.A. and Mexico (Fig. 3C), possibly representing a separate
trans-Beringian dispersal event from the Pseudaelurus event.
Numerous ‘metailurin’ taxa are recorded from the Middle
Miocene to Early Pleistocene across Europe, Asia, Africa,
and North America (see Jiangzuo et al., 2022a; Madurell-Mala-
peira et al., 2021; Spassov et al., 2018; Werdelin & Lewis, 2001),
some potentially representing sister taxa to Adelphailurus. The
earliest well-established occurrences of Metailurus date to the
Middle Miocene of China (Tunggur Fm) (Yu, 2014), supporting
an Asian center of origin. Recent examination of material from
Tatrot (Siwaliks) (Jiangzuo et al., 2021b) extends the temporal
range of Metailurus into the Late Pliocene in southern Asia,
reinforcing Asia as both a likely center of origin and long-
term refuge for early-diverging machairodontine lineages.
Those early diverging machairodontine felids lineage quickly
dispersed in Europe, where they became abundant already in
the Late Miocene. The progressive uplift of the Tibetan
Plateau likely restricted north/south exchanges within Asia

(Deng et al., 2015), leaving westward (into Europe) and east-
ward (into North America via the Bering Land Bridge)
routes as the primary dispersal corridors, with climatic
cooling and expansion of open habitats facilitating large carni-
voran dispersal. Climatic cooling and the expansion of more
open habitats during the late Miocene may have further facili-
tated large carnivoran dispersal across northern FEurasia.
Although the North American fossil record does not yet
permit a full resolution of the number and timing of dispersal
events, our reexamination of Adelphailurus cranial material
highlights its mosaic morphology (as per Salesa et al., 2005;
Antén et al., 2013) somewhat in between Yoshi and Metailurus,
consistent with its placement near the base of machairodontine
diversification.

The ‘Pseudaelurus’ Problem

Rothwell (2003) recognized five North American Pseudae-
lurus species: P. validus, P. skinneri, P. intrepidus, P. marshi,
P. stouti, appearing in the late Hemingfordian and disappearing
by the late Barstovian. Other authors have noted distinct fea-
tures in North American ‘Pseudaelurus’ leading to the proposal
of a new genus, Hyperailurictis, for these early felids, con-
sidered more similar to Nimravides than to Old World Pseudae-
lurus (Beaumont, 1978; Jiangzuo et al., 2021a; Werdelin et al.,
2010). However, some recent studies still refer to North Amer-
ican specimens as ‘Pseudaelurus’ (e.g., Polly, 2020) and there no
clear consensus has been reached regarding the final taxonomy
of North American pseudaelurines. This is in part a reflection
of both Pseudaelurus and ‘metailurins’ being used as wastebas-
ket taxa for early diverging Miocene felids.

Our re-examination of new Adelphailurus material originally
attributed to Pseudaelurus underscores two key points: (1) the
enduring value of museum-based projects for uncovering
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FIGURE 11. Reconstruction of the skull and life appearance of Adelphailurus kansensis based on the newly described material, by Jestis Gamarra.
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important, overlooked specimens, and (2) the long-standing
taxonomic problems with Pseudaelurus. The genus name
derived from the Greek ‘pseudo’ (yevdng) meaning ‘false’ and
‘aelurus’ (oflovpog) meaning ‘cat’ was erected by Gervais
(1850) initially attributing the Sansan ‘Felis quadritentatus’ to a
new species: P. quadridentatus, for which he noted strong resem-
blances with what he called the ‘Felis’ group (= non-machairo-
dontine felids) but differentiating from them by the presence
of a vestigial p2 and a more developed talonid on the m1. Con-
sidered ‘primitive’, these traits led to the inclusion of many
average-sized Miocene felids in Pseudaelurus simply because
they lacked the ‘derived’ features of later lineages, making the
genus a catch-all for early diverging taxa.

Because of this history, Pseudaelurus has been referred to as
a wastebasket genus for average-sized Miocene felids
(Rothwell, 2001), leading several authors to re-attribute speci-
mens initially described as ‘Pseudaelurus’ to different taxa
after careful reexamination. For example, Pseudaelurus hib-
bardi, described by Dalquest (1996) based on a fragmentary
left hemimandible from Coffee Ranch (TMM 41261-3), was
reassigned to A. kansensis by Hodnett (2014). Similarly, a
maxilla (IGM 6674) and an isolated P4 (IGM 6673) from Gua-
najuato, Mexico, originally identified as P. intrepidus by Car-
ranza-Castafieda and Miller (1996) was later referred to
A. kansensis (Hodnett, 2014). Our study reinforces the need
to revisit historic Pseudaelurus material, particularly in North
America, where almost every Early to Middle Miocene felid
was initially assigned to this genus (Rothwell, 2001). Many of
these specimens may represent early diverging members of
established felid clades (machairodont or non-machairodontine
felids) and could provide crucial insights into their evolutionary
history. Indeed, our study allowed for a better comprehension
of this enigmatic taxon previously known from very fragmen-
tary material (Fig. 11). Nevertheless, our phylogenetic analysis
indicates that the paucity of apomorphies in early diverging
machairodontine felids remains a challenge to fully resolving
this part of felid evolutionary history.

CONCLUSION

We described new material of Adelphailurus kansensis, a
poorly known Late Miocene felid. Our observations highlight
the morphological disparity within ‘metailurin’ felids, placing
Adelphailurus morphologically between Metailurus and Yoshi,
a position also supported by geometric morphometric analyses.
Nevertheless, A. kansensis exhibits distinctive features, most
notably zygomatic arches that are markedly thinner than in
Metailurus major or Yoshi spp. It further differs from Yoshi in
having a smaller braincase and a relatively narrower, longer
snout, and from Metailurus in possessing more rounded and
wider zygomatic arches in dorsal view and a P3 lacking a distinct
anterior accessory cusp. This material, previously assigned to
Pseudaelurus, underscores the unresolved nature of relationships
among early-diverging felids, as highlighted by our phylogenetic
analyses.
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