
RESEARCH

Journal of Mammalian Evolution           (2025) 32:43 
https://doi.org/10.1007/s10914-025-09780-5

	
 Nikolaos Kargopoulos
nikoskargopoulos@gmail.com

Juan Abella
juan.abella@uv.es

1	 Departamento de Ciencias de la Tierra, Instituto Universitario 
de Investigación en Ciencias Ambientales de Aragón 
(IUCA), Universidad de Zaragoza, Zaragoza, Spain

2	 Grup d’Investigació en Paleontologia de Vertebrats del 
Cenozoic (PVC-GIUV), Departament de Botànica i 
Geologia, Universitat de València, València, Spain

3	 Departamento de Servicios Educativos, Museo del Desierto, 
Av. Carlos Avedrop Dávila, 3745. Parque de las Maravillas, 
Nuevo Centro Metropolitano de Saltillo, Saltillo 25022, 
Coahuila, México

4	 Departamento de Estratigrafía, Geodinámica y Paleontología, 
Facultad de Ciencias Geológicas, Universidad Complutense 
de Madrid, Madrid, Spain

5	 Research and Exhibitions, Iziko Museums of South Africa, 
Cape Town, South Africa

6	 Institut Català de Paleontologia Miquel Crusafont (ICP-
CERCA), Universitat Autònoma de Barcelona, Barcelona, 
Spain

7	 Departamento de Paleobiología, Museo Nacional de Ciencias 
Naturales-CSIC, C/José Gutiérrez Abascal 2, Madrid, Spain

8	 Instituto Nacional de Biodiversidad (INABIO), Quito, 
Ecuador

Abstract
Venta del Moro is one of the most exceptional localities in the Miocene of Europe due to its chronostratigraphic position 
and its unusual fauna, which includes taxa of African and Asian origin. The hyaenids of this locality belong to the group 
of ictitheres, dog-like hyenas that roamed Eurasia and Africa until their sudden decline at the latest Miocene and their 
subsequent ecological replacement by the canids. The ictithere record of Venta del Moro is crucial to our understanding 
of hyaenid evolution, since it represents the last accurately dated occurrence of ictitheres in Europe, and one of the very 
few cases of coexistence between ictitheres and canids. The bulk of the discovered craniodental material is identified as 
Hyaenictitherium wongii, an abundant species with a wide distribution and morphometric range in the Turolian of Eurasia. 
However, four isolated teeth correspond to a larger, unidentified ictithere that may represent one of the Asian immigrants 
present at the locality. A preliminary review of the genus Hyaenictitherium is conducted, emphasising the importance 
of intraspecific variability throughout its temporospatial range. This allows us to discuss the validity of several species, 
noting that a thorough review with firsthand study of old material is required. In palaeoecological terms, H. wongii was, 
according to our current knowledge, a coyote-like, cursorial animal, with advanced adaptations for durophagy, larger and 
more robust than the coexisting Eucyon debonisi. This relationship between canids and ictitheres is seen in other localities 
in Eurasia and Africa, showing that the dynamics of the aforementioned transition are complex and cannot be explained 
solely by the Eurasian dispersal of canids.

Keywords  Canidae · Carnivora · Hyaenictitherium · Miocene · Ventian

Received: 29 May 2025 / Accepted: 12 September 2025
© The Author(s) 2026

The last of Europe: systematics and palaeoecology of the ictitheres 
(Hyaenidae) from Venta del Moro (Spain)

Nikolaos Kargopoulos1 · David Morales Flores2,3 · Plini Montoya2 · Alberto Valenciano4,5 · Daniel DeMiguel1,6 · 
Jorge Morales7 · Juan Abella2,6,8

1 3

https://doi.org/10.1007/s10914-025-09780-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s10914-025-09780-5&domain=pdf&date_stamp=2025-12-19


Journal of Mammalian Evolution           (2025) 32:43 

Introduction

The locality of Venta del Moro

The palaeontological site of Venta del Moro (Valencia, 
Spain) is one of the most significant continental Miocene 
localities in the Iberian Peninsula, due to the richness and 
diversity of its fossil assemblage. First reported by Aguirre 
et al. (1973) and Robles (1974), the site is located 2  km 
southeast of the village of the same name (UTM Zone 30 S, 
642494 E, 4370967  N) within the Cabriel Basin (Fig.  1). 
Fossil remains recovered from the site include charophytes, 
pollen, macroflora, foraminifera, aquatic and terrestrial 
molluscs, ostracods, fish, amphibians, reptiles, and both 
small and large mammals (e.g., Morales 1984; Montoya et 
al. 2006; Abella et al. 2014; Casas-Gallego et al. 2015; Del-
fino et al. 2021; Guillem et al. 2022). The site has been cor-
related with the upper Turolian (MN13 biozone; Mein 1990, 
1999; Van Dam 1997) and has been magnetostratigraphi-
cally dated to approximately 6.23 million years ago (Gib-
ert et al. 2013), near the Miocene/Pliocene boundary. Venta 
del Moro has also yielded the first European occurrences 
(FADs) of the ursoid Agriotherium (Morales 1984; Abella 
et al. 2014, 2019), the canid Eucyon (Montoya et al. 2009), 
the camel Paracamelus (Morales et al. 1980; Morales 1984; 
Pickford et al. 1993, 1995; van der Made and Morales 1999; 
Caballero et al. 2021), and the murid Paraethomys (Gibert 
et al. 2013; Mansino et al. 2017).

Due to its exceptional fossil record and its status as the 
type locality for multiple species —including the macro-
mammals Agriotherium roblesi, Paracamelus aguirrei, 
Tragoportax ventiensis, and Parabos soriae (Morales and 
Aguirre 1976; Morales 1984)— Venta del Moro has been 
designated as a Site of Special Interest in the Geoscientific 
Map of the Province of Valencia. It is also included in the 
Geological Heritage Catalogue of Valencia and in the Pal-
aeontological Map of the Valencian Community (Robles et 
al. 1983). Recent work has described five new species of 
macro- and micromammals from the site: Eucyon debonisi, 
Martes ginsburgi, Eliomys yevesi, Rhinolophus antonioi 
and Pipistrellus rouresi (Montoya et al. 2009, 2011; Man-
sino et al. 2015a; Crespo et al. 2018).

The site’s faunal assemblage suggests that it played 
a crucial role in major dispersal events of Asian (camels, 
canids, colobines, ursoids) and African (hippos, crocodiles) 
taxa into Western Europe during the Late Miocene (Pick-
ford and Morales 1994; Agustí et al. 2006; van der Made 
et al. 2006; Minwer-Barakat et al. 2009, 2018; Gibert et 
al. 2013; Alba et al. 2015; Mansino et al. 2015b; García-
Alix et al. 2016; Delfino et al. 2021). Additionally, Venta 
del Moro records other taxa with African affinities, such as 
the murid rodent Paraethomys meini (Michaux 1969) and 

the chiropteran Myotis podlesicensis (Mansino et al. 2017; 
Crespo et al. 2018). Aguirre et al. (1976) proposed Venta 
del Moro as the reference locality for a new mammalian 
age, the Ventian, later refined by Alberdi et al. (1977) and 
Alberdi and Bonadonna (1988), though this designation has 
seen limited use in recent studies (Morales et al. 2013).

Late Miocene ictitheres

The family Hyaenidae is today represented by only four 
species that are found in Africa and south/southwestern 
Asia. However, during the Miocene, the hyaenids displayed 
an astonishing range of ecomorphs, from small opportunis-
tic omnivores like Plioviverrops to giant crocutoid bone-
crackers such as Adcrocuta (Werdelin 1991; Werdelin and 
Solounias 1991; Turner et al. 2008; Coca-Ortega and Pérez-
Claros 2019). Between these two ends of the hyaenid eco-
morphological spectrum is the group of ictitheres, which 
included medium-sized genera with moderate adaptations 
for bone crushing and many cranial and postcranial simi-
larities with the extant canids (Crusafont Pairó and Petter 
1969; Werdelin and Solounias 1991; Ferretti 2007; Turner 
et al. 2008; Coca-Ortega and Pérez-Claros 2019; Koufos 
2021; Kargopoulos et al. 2023a). Some of these species 
were extremely abundant during the Miocene and have 
been found in numerous localities in Eurasia, often rang-
ing from Spain to China, such as Ictitherium viverrinum 
and Hyaenictitherium wongii (Gaudry 1862–1867;  Zdan-
sky 1924; Solounias 1981; Werdelin 1988a, b; Werdelin and 
Solounias 1991; Tseng and Wang 2007; Kargopoulos et al. 
2023b). However, despite their long reign over the Miocene 
faunas of Eurasia and Africa, ictitheres suddenly disappear 
from the fossil record at the end of the Late Miocene, with 
very scarce records in the Early Pliocene of Africa and Asia 
(Hendey 1978; Werdelin et al. 1994; Tseng and Wang 2007; 
Iurino et al. 2022). Their ecological niches were gradually 
filled by the canids, which became increasingly abundant 
and diverse during the Pliocene and the Pleistocene (e.g., 
Rook 2009; Valenciano et al. 2022).

Even though there have been many valuable efforts to 
review the systematics and evolution of ictitheres over the 
recent decades (Crusafont Pairó and Petter 1969; Kurtén 
1982; Werdelin 1988a, b; Semenov 1989, 2008; Werdelin 
and Solounias 1991; Tseng and Wang 2007), an in-depth 
revision of this group and the details of its Late Miocene 
radiation is herein considered necessary to resolve the lin-
gering doubts about taxonomy and to clarify the evolution-
ary relationships between the included taxa. Despite some 
occasional doubts regarding the family attribution of this 
group, it is now securely considered as part of the hyaenid 
family. It can be differentiated by the more plesiomorphic 
forms of the family, such as Plioviverrops, based on larger 
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Fig. 1  Geological map of the area of Venta del Moro (Cabriel Basin, Valencia, Spain) with the geographical situation of the palaeontological site 
(modified from Gibert et al. 2013)
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Metric abbreviations: H, maximum height of the den-
tal crown from the dentine-enamel juncture until the dental 
tip; L, maximum mesiodistal length of the dental crown; Lb, 
maximum mesiodistal length of the dental crown on its buc-
cal side; Ll, maximum mesiodistal length of the dental crown 
on its lingual side; Ltr, maximum mesiodistal length of the 
lower carnassial trigonid; W, maximum buccolingual width 
of the dental crown; Wb, maximum buccolingual width of 
the upper carnassial blade. Raw data on the measurements  
of the specimens are provided in Online Resource 1.

Systematic Palaeontology

Order Carnivora Bowdich, 1821
Family Hyaenidae Gray, 1821
Subfamily Ictitheriinae Trouessart, 1897

Included genera:  Ictitherium  Wagner,  1848;  Thalas-
sictis  Gervais, 1850,  ex von Nordmann;  Protictithe-
rium Kretzoi, 1938; Hyaenictitherium Kretzoi, 1938; Mio-
hyaenotherium Semenov, 1989.

Remarks: Herein, the term Ictitheriinae is used in a rela-
tively strict sense. Alternative views on the included genera 
of this group might also include Lycyaena Hensel, 1862.

Emended subfamily diagnosis: Hyaenids of moderate 
size, auditory bullae with developed tympanic but also with 
developed caudal entotympanic, rostrum long and slender, 
P1/p1 and M2/m2 present, moderately robust cheek teeth, 
slightly reduced P4 protocone, m1 trigonid cuspids higher 
than the talonid ones.

Genus Hyaenictitherium Kretzoi, 1938

Emended generic diagnosis: Member of Ictitheriinae 
with large size, derived auditory bulla with very extended 
tympanic, present posterior lip of the external auditory 
meatus, straight or concave ventral profile of the mandibular 
corpus and presence of a mental edge, robust premolars, P4 
protocone level or more distal than the parastyle, P4 meta-
style elongated, reduced upper molars and m2, reduced m1 
talonid, m1 hypoconid larger than the entoconid, and rela-
tively elongated limb bones.

Included Species:  Hyaenictitherium wongii (Zdan-
sky, 1924) (= Hyaenotherium magnum Semenov, 1989), 
Hyaenictitherium hyaenoides (Zdansky, 1924) (= Hyae-
nictitherium venator Semenov, 1989, and Lycyaena parva 
Khomenko, 1914, at least partly), Hyaenictitherium nam-
aquensis (Stromer, 1931), Hyaenictitherium pilgrimi Werde-
lin and Solounias, 1991, Hyaenictitherium ebu (Werdelin, 
2003), Hyaenictitherium minimum de Bonis et al., 2005.

size, higher cranial vault, wider zygomatic arches, more 
developed tympanic, more robust mandibular ramus and 
cheek teeth, gradually less developed upper molars as well 
as the m1 talonid and m2, and m1 talonid cuspids lower 
than the trigonid ones. On the other end, it can be differ-
entiated from the more derived hyenas, such as Adcrocuta, 
in the smaller size, the longer rostrum, the less developed 
tympanic, the slenderer mandibular ramus and cheek teeth, 
the presence of P1/p1 and M2/m2 and the relatively larger 
upper molars and m1 talonid.

The hyaenid material from Venta del Moro was first 
reported by Morales and Aguirre (1976) as Ictitherium 
sivalense. Some years later, Soria (1979) attributed it to 
Thalassictis aff. hyaenoides, a taxonomic referral also fol-
lowed by Morales (1984) and Fraile et al. (1997). The mate-
rial of these publications is hosted in Madrid and Barcelona. 
New material hosted in Valencia was preliminary identified 
as H. wongii by Morales Flores (2024).

Therefore, the purpose of the present work is to critically 
review all the available hyaenid material from Venta del 
Moro, to clarify its taxonomic identity, and to discuss the 
palaeoecological, biogeographical and evolutionary impli-
cations of this record.

Materials and methods

In total, there are 64 dentognathic specimens of hyenas 
from Venta del Moro: 34 upper teeth and 30 lower teeth. 
The material is housed in the collections of the Museu de 
Geologia de la Universitat de València (MGUV, Valencia, 
Spain), the Museo Nacional de Ciencias Naturales (MNCN-
CSIC, Madrid, Spain), and the Institut Català de Paleontolo-
gia Miquel Crusafont (ICP-CERCA, Cerdanyola del Vallès, 
Spain). The present article reviews the previously published 
material (Morales and Aguirre 1976; Soria 1979; Morales 
1984; Morales Flores 2024) and reports some additional 
specimens, allowing for wider taxonomic comparisons and 
ecomorphological implications.

Institutional abbreviations:  AMNH, American Museum 
of Natural History; GPIMH, Geological and Palaeontological 
Institute and Museum, Hamburg; HLD, Hessisches Landes-
museum Darmstadt; ICP, Institut Català de Paleontologia 
Miquel Crusafont; MGL, Musée Cantonal de Géologie, Laus-
anne; MGUV, Museu de Geologia de la Universitat de Valen-
cia; MHNG, Musée d’Histoire Naturelle de Geneve; MNCN, 
Museo Nacional de Ciencias Naturales; MNHN, Musée 
Nationale d’Histoire Naturelle; NHMUK, Natural History 
Museum of the United Kingdom; NHMA, Natural History 
Museum of the Aegean; NMW, Naturhistorisches Museum 
Wien; SARA, Supervisory Authority for Regulatory Affairs.
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and we will not consider this form as a member of the genus 
Hyaenictitherium.

The species H. parvum and H. venator have been a sub-
ject of debate concerning their validity as distinct species 
and their generic attribution (Semenov 1989, 2008; Werde-
lin and Solounias 1991; Tseng and Wang 2007). Werdelin 
and Solounias (1991) and Tseng and Wang (2007) syn-
onymize these two names and highlight that they could be 
a separate species (under the name H. parvum), or that it 
could belong to one or both of the two well-known species 
H. wongii and H. hyaenoides. Semenov (1989) considered 
“H. venator” to be more similar to H. hyaenoides than to 
H. wongii. Its differentiation from H. hyaenoides was based 
on its larger size, the long and pointed postorbital processes 
and the higher mandibular angle. The postorbital processes 
are usually broken in skulls, but in the H. hyaenoides sam-
ple from China hosted in the AMNH, there are some speci-
mens (such as AMNH 14-L31, AMNH 144879, and AMNH 
144880) that show moderate to developed postorbital pro-
cesses. Therefore, such variability is seen in H. hyaenoides. 
As also pointed out by Werdelin and Solounias (1991), the 
mandibular angle can change drastically during ontogeny, 
so it is not always a reliable character for taxonomic distinc-
tions, at least without large samples. In terms of size dif-
ferentiation, the morphometric review by Werdelin (1988a) 
for the two main species considerably expanded the known 
ranges for both. Even though the mean and highest values 
of “H. venator” fit very well with those of H. hyaenoides, 
the lowest values could also fit into the ranges of H. won-
gii. The coexistence of the two species in the same locality 
is not uncommon (e.g., Zdansky 1924; Qiu 1985; Werdelin 
1988a), so the possibility that at least some of these speci-
mens could belong to H. wongii cannot be excluded. Never-
theless, the existence of large specimens more similar to H. 
hyaenoides than to H. wongii based on the comparisons of 
Semenov (1989) cannot be doubted for any of the localities 
included in the distribution of this taxon: Novoelisavetovka 
(Ukraine, MN11), Novaja Emetovka 2 (Ukraine, MN11), 
Belka (Ukraine, MN12), Taraklia (Republic of Moldova, 
MN12), Tudorovo (Republic of Moldova, MN12), and Pav-
lodar (Kazakhstan, MN13). For all these localities there are 
specimens that exceed the size ranges given by Werdelin 
(1988a) for H. wongii, especially in the P3 and p4, which is 
interpreted herein as evidence for the existence of H. hyae-
noides in Eastern Europe during the Turolian.

The nomenclatural and taxonomic history of two ictithere 
forms from the Siwaliks has been rather unusual. Concern-
ing the first one, Lydekker (1877) erected a new species, 
Ictitherium sivalense, based on two hemimandibles from 
Hasnot. In a subsequent study, he attributed it to a new 
genus, Lepthyaena (Lydekker 1884). Additional material 
was later published by Pilgrim (1932) and Colbert (1935). 

Remarks:  Many species of Hyaenictitherium sensu 
lato from Europe, Asia, and Africa have been described 
over the years, and there is an ongoing dispute about the 
taxonomic validity of many of them (Semenov 1989, 2008; 
Werdelin 1988a; Werdelin and Solounias 1991; Tseng and 
Wang 2007). In this work we recognize the aforementioned 
species, noting that a thorough review is needed to clarify 
the exact relationships within the genus. The justification 
for this preliminary framework and the particular differ-
ences between the species are provided in the following 
paragraphs. See also Online Resources 2–4 for information 
about the intraspecific morphological variability of H. won-
gii from Samos and H. hyaenoides from China, based on the 
material from AMNH, as discussed below.

Hyaenictitherium minimum from Toros Menalla (ca. 
7.0 Ma; Chad) can be differentiated from all other species of 
the genus based on its small size (P4L around 19.0 mm; m1L 
around 15.5 mm) and the small/absent mesial accessory cus-
pids of the premolars (de Bonis et al. 2005, 2010). Werdelin 
and Peigné (2010) suggest that the three specimens from 
Lothagam published by Werdelin (2003) ascribed to H. cf. 
parvum could in fact belong to H. minimum, but the size of 
this material is considerably larger than that of H. minimum. 
The mesial accessory cuspids of the premolars are indeed 
small, but not to the extent seen in the Toros Menalla speci-
mens. Additionally, the height of the main cuspids of the 
premolars is very different from that seen in Hyaenictith-
erium. Semenov (2008) suggests that these specimens could 
be attributed to Hyaenictis sp., also reported by Werdelin 
(2003) from Lothagam. This genus is relatively rare, but the 
existing specimens show a much more robust mandibular 
corpus and a long and narrow p2 (e.g., Gaudry 1862–1867; 
Villalta Comella and Crusafont Pairó 1943; Vinuesa et al. 
2017). Another hyaenid from this period from Africa is Bel-
bus djurabensis, also from Toros Menalla (de Bonis et al. 
2010). Despite the poor preservation of the Toros Menalla 
specimens, some similarities with the Lothagam hemi-
mandible (e.g., the overall size, the relative slenderness of 
the mandibular corpus, the high main cuspids and the small 
accessory cuspids of the premolars) are evident, but on the 
other hand the teeth are slightly slenderer. Without careful 
re-examination of the material, it is not easy to attribute it to 
any of the known species, but it is concluded that it differs 
significantly from H. minimum.

Geraads (1997) erected a new species from the Late 
Pliocene (MN 16, 2.19–1.8  Ma) of Ahl Al Oughlam 
(Morrocco):?Hyaenictitherium barbarum Geraads, 1997, 
based on four specimens of upper and lower dentition. 
However, Werdelin and Dehghani (2011) argue that this 
is a synonym of Ikelohyaena abronia, which was already 
implied in Geraads (2008). We agree with this suggestion, 
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Another species from the Siwaliks, Palhyaena indica, 
was erected by Pilgrim (1910) based on a maxilla from 
Hasnot with at least the P3 and the P4. He noted that this 
could be the same species as a hemimandible (GSI – D 53) 
of Hyaena sivalensis (not to be confused with I. sivalense, 
which was discussed above; this is a different form) pub-
lished by Lydekker (1884). However, this maxilla from 
Hasnot was never figured or described properly, nor was 
an inventory number given. Pilgrim (1910) only noted 
that the premolars are wide and that the P3L and P4L are 
nearly equal. However, a few years later, Pilgrim (1932) 
surprisingly stated that the right hemimandible published 
by Lydekker (1884) as H. sivalensis is in fact the holotype, 
admitting that he had been “mistaken in quoting a maxilla as 
the holotype of the genus” and adding that “the only upper 
teeth of the species known are the two specimens of P4 
mentioned below”. Nonetheless, holotypes and taxonomic 
names are tightly connected, so it is not possible to change 
the holotype of a taxon. This confusion, also mentioned in 
Colbert (1935), led Werdelin and Solounias (1991) to cre-
ate the name Hyaenictitherium pilgrimi for this material, 
since P. indica corresponded to a non-existing holotype (the 
maxilla from Hasnot). Once this nomenclatural issue was 
resolved, the only known specimens of this form were those 
mentioned by Pilgrim (1932) (two P4s, two fragmentary 
hemimandibles, and one isolated m1), the hemimandible 
reported in Lydekker (1884), and one maxilla published by 
Ghaffar and Akhtar (2012). These specimens are very simi-
lar in morphology and size to H. hyaenoides from China 
(also noted by Pilgrim [1932] himself). Ghaffar and Akhtar 
(2012) based their identification on the relatively posterior 
placement of the protocone of the P4. However, as can be 
seen in Online Resource 2, there seems to be significant 
variability in H. hyaenoides when regard to this charac-
ter (especially in AMNH 14-L31). From Pilgrim´s (1932) 
descriptions, depictions, and diagnosis, most of the charac-
teristics of H. pilgrimi also tend to be identical to those of H. 
hyaenoides. The only interesting trait is the short premolar 
tooth row in the hemimandible from Nila (GSI – D 211), 
depicted in Pilgrim (1932: pl. IV, Fig. 12 and a), which is 
mainly expressed by the short diastema between the pre-
molar row and the canine. Even though there is a degree of 
variability in the Chinese specimens of this character too 
(and it may be also affected by ontogenetic changes), such 
a close proximity between the premolars and the canines is 
indeed exceptional. However, since the figures of Pilgrim 
(1932) are sketches and not photographs, it is difficult to 
make a direct comparison. In general, this species seems to 
be very similar, if not identical, to H. hyaenoides, but as 
was also the case with Ictitherium sivalense, this is merely 
a preliminary note without close examination of the actual 
specimens.

The combination of primitive and derived features of this 
species is explained in Werdelin and Solounias (1991), not-
ing that its exact phylogenetic position is uncertain. How-
ever, as discussed below, there appears to be some metrical 
and morphological heterogeneity between the upper and 
lower dentition of this form. The lower dentition is unfor-
tunately poorly preserved, but from the figures of Lydekker 
(1884), Pilgrim (1932) and Colbert (1935), and from the 
measurements noted therein this species fits very well to the 
morphology of H. wongii. The m1 talonid is restricted in 
length, width, and height, whereas the trigonid is relatively 
high and elongated. The p4 is robust with a very strong dis-
tal accessory cuspid and a restricted mesial one (variable 
in Hyaenictitherium; Online Resource 2). The mandibular 
corpus is also relatively robust, high below the m1. Rather 
than showing a strong ventral expansion (resembling the 
subangular lobe of canids) followed by a convex profile that 
gradually leads to a very narrow mandibular corpus below 
p1 and c (which is typical for Ictitherium; Semenov 1985, 
2008), the mandibular corpus is relatively high throughout 
the cheek teeth row, with a slightly skewed mental edge 
(even though it shows evidence of periodontitis), which is 
more typical of Hyaenictitherium (e.g., Qiu 1985; Werde-
lin 1988a; Semenov 2008). On the other hand, the maxillae 
from Hasnot (the type locality) published by Pilgrim (1932) 
and Mahmood and Khan (2020) are relatively smaller, espe-
cially the P3, which fits more to the size group of H. mini-
mum. Additionally, these maxillae show a combination of 
an Ictitherium-like P4 and Hyaenictitherium-like molars, 
as observed by Werdelin and Solounias (1991). Therefore, 
they may not correspond to the specimens with the lower 
dentition and may represent instead a smaller taxon with this 
mix of characters resembling a Thalassictis-like stage. Fur-
thermore, the hemimandible published by Colbert (1935) is 
considerably larger than the other specimens (especially in 
comparison to the maxillae) and it is herein believed that 
it also differs from the type material of I. sivalense. In a 
lumping classification point of view, the lower dentition 
specimens published by Lydekker (1877, 1884) and Pilgrim 
(1932) could correspond to H. wongii, the hemimandible of 
Colbert (1935) could belong to H. hyaenoides, and the two 
maxillae by Pilgrim (1932) could represent a different form. 
If so, H. sivalense should take priority over H. wongii, as 
it is the older name. However, as we have not studied this 
material first hand and these assumptions are based on mea-
surements and sketches from old literature, we do not want 
to disrupt the current taxonomic framework. In terms of 
comparisons with the material from Venta del Moro, I. siv-
alense is perfectly comparable with the smaller specimens, 
fitting into the morphometrical range of H. wongii. This is 
an interesting matter that is definitely worth reviewing in 
the future.
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correspond to H. wongii, which is known from numerous 
localities in Eurasia.

Finally, the last species of the genus is H. namaquensis, 
an African form from the latest Miocene and Early Pliocene 
of Libya, Kenya, and South Africa. This species has only 
been found in four localities: Kleinzee (Stromer 1931; type 
locality), Langebaanweg (Hendey 1978), As Sahabi (How-
ell and Petter 1980; Howell 1987; Iurino et al. 2022), and 
Tugen Hills (Morales et al. 2005). An additional possible 
occurrence comes from the Middle Awash (Haile-Selassie 
and Howell 2009). Its size and morphology are very similar 
to those of H. hyaenoides, and in particular to the largest and 
most robust specimens of this taxon, since the m1 talonid is 
very short, the premolars are very robust, and the mandibu-
lar corpus is very deep. This close relationship is also men-
tioned by Tseng and Wang (2007), who conclude that this 
could be a sister taxon to H. pilgrimi (possibly conspecific 
with H. hyaenoides, as discussed above), but state that the 
premolars of H. namaquensis are relatively wider than those 
of H. hyaenoides. However, their dimensions follow the 
same pattern as that of the latter species. Tseng and Wang 
(2007) mention several differences between the two species 
in their matrix, noting the derived stage of H. namaquensis. 
However, the statistical ranges of H. hyaenoides are con-
siderably wide, leading to overlap. In any case, considering 
the temporospatial difference and the average morphotypes 
of the two species, we agree that they are indeed distinct, 
albeit a revision of the material from Langebaanweg would 
be crucial for our understanding of the morphological range 
of H. namaquensis and its evolutionary relationship with H. 
hyaenoides.

Therefore, it is concluded that within this genus there are 
three size groups: the smallest is H. minimum, the interme-
diate is similar to H. wongii, and the largest is similar to 
H. hyaenoides. This transition is also marked by a gradual 
increase in the robustness of the dentition towards a more 
crocutoid form, characterised by wider premolars, and a 
reduction of the M1, M2, m1 talonid, and m2. Other species, 
regardless of their taxonomic validity, mostly fall (some-
times with considerable overlap) into one of these three cat-
egories. Ictitherium sivalense, H. ebu, and H. magnum are 
comparable to H. wongii, whereas H. venator, H. pilgrimi 
and H. namaquensis are comparable to H. hyaenoides.

Hyaenictitherium wongii (Zdansky, 1924)

Emended diagnosis: Species of Hyaenictitherium with 
moderate size; accessory cusps of premolars developed; 
premolars moderately robust; upper molars, m1 talonid, and 
m2 moderately reduced; not extremely long limb bones.

Differential diagnosis:  Differs from H. minimum in 
larger size, the more developed accessory cusps and cuspids 

Werdelin (2003) erected a new species of ictithere, Ictith-
erium ebu, based on a complete skeleton from Lothagam 
(Kenya). He attributed it to the genus Ictitherium due to the 
relatively unreduced M1 and m2, and the short P4 metastyle. 
However, he noted that the talonid of the m1 is markedly 
reduced. This species is characterised by its extremely long 
limbs (Werdelin 2003), which is interpreted as evidence of 
ecomorphological convergence with the extant maned wolf 
(van der Hoek and Werdelin 2024). Semenov (2008) argued 
that many characteristics of the dentition, cranial and post-
cranial anatomy suggest that this is a member of the Hyaeno-
theriini, and more particularly of the genus Hyaenotherium, 
noting similarities with H. wongii and H. magnum, which 
are herein considered conspecific (also considered as such 
in Semenov 2001), since the characters separating them are 
either ontogenetically driven (such as the zygomatic width, 
the premolar length, and the skull length), taphonomically 
biased (such as the length and width of the palate), or have 
considerable overlap if the Chinese specimens are taken 
into account (such as the condylobasal length, the inci-
sor arch, the I3 width, and the molar angle). Concerning 
the form from Lothagam, we agree with Semenov (2008) 
in placing Ictitherium ebu in the genus Hyaenictitherium 
sensu lato. The P4 metastyle is indeed slightly short, but the 
P4 protocone is slightly posteriorly positioned, the molars 
are reduced (even though not drastically), the mandibular 
corpus is straight, and the braincase (occipital crest, sagit-
tal crest, temporal lines, alisphenoid canal, auditory bullae) 
more resembles that of the genus Hyaenictitherium, and 
especially the dentition is not considerably different from 
that of H. wongii. However, we consider that the dorsal out-
line of the braincase differs from that of the latter species. In 
H. ebu, the braincase is relatively short in height and long 
without a sudden uplift in front of the orbits, while the sag-
ittal crest expanding distally forming a relatively straight 
line. On the other hand, in H. wongii and H. hyaenoides, the 
braincase is higher, shorter in length, there is a sudden uplift 
in front of the orbits, and the sagittal crest is more expanded 
dorsally (e.g., AMNH 144883 and AMNH 144879 for H. 
hyaenoides; AMNH 20555 and AMNH 23031 for H. won-
gii). There are some intermediate stages for H. wongii (such 
as AMNH 22878), but in general these two species already 
show a tendency towards a crocutoid lateral outline of the 
skull (also seen in Werdelin and Solounias, 1991: Fig. 48). 
In this respect, the skull of H. ebu more closely resembles 
the skull of the type material of I. viverrinum from Pikermi 
(SNSB-BSPG-AS-II-604). Unfortunately, since no brain-
case or postcranial material of the hyaenids from Venta del 
Moro are preserved, it is not possible to distinguish them 
from H. ebu with certainty. However, considering that 
its only known occurrence is Lothagam, it is much more 
plausible that the smaller specimens from Venta del Moro 
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descriptions are based on the whole sample and particular 
deviations are noted.

The crown of the I3 consists of a single cusp which is 
moderately elongated and curved (Fig. 2a). It is not widened 
or significantly robust. The base of the tooth is surrounded 
by a cingulum which is very asymmetrical. On its lingual 
side, it is much more developed, creating a wide crest, while 
its height from the apex of the tooth is lower. On the other 
hand, the cingulum on the buccal side of the tooth is much 
less developed and it expands slightly more towards the 
root. A crest runs from the apex of the crown towards the 
distobuccal corner of the dental outline. A narrow basin is 
formed between the lingual cingulum crest, the curve of the 
main cusp, and the longitudinal buccal crest, without form-
ing a heel.

The upper canines are badly preserved and show advanced 
dental wear (Fig. 2b). They are slightly compressed bucco-
lingually, but their crown is curved and robust. Not much is 
retained from their morphology, but similarly to the I3, the 
cingulum is more expanded on the buccal side of the tooth.

The P1 is unicuspid and its outline is almost oval-shaped 
(Figs. 2c and 3a). It is very low and positioned slightly mesi-
ally form the centre of the tooth. The distal crest is concave 
and longer than the convex mesial one. The distal arch of 
the P2 outline is almost semicircular, whereas the mesial 
part is more angled. The P2 is much larger than the P1 but 
much smaller than the P3 (Fig. 2c, d). Its main cusp is much 
larger than the accessory one, but it forms a slightly obtuse 
angle. A moderately developed distal accessory cusp is pres-
ent, approximately in line with the main cusp on the tooth 
row axis. Even though there is no mesial accessory cusp, 
there is a crest that starts from the apex of the tooth and ends 
on the mesiolingual border of the cingulum. The end of this 
crest is slightly enlarged resembling a cusp. The cingulum is 
developed, especially on its distolingual part. The outline of 
the tooth is highly asymmetrical. On each side of the tooth 
there are two expansions interrupted by a constriction. On 
the buccal side, this constriction is slightly distally located, 
whereas it is more mesially located on its lingual side. The 
widest level of the tooth could be either on its mesial or dis-
tal expansions. The main cusp of the P3 is much higher than 
the moderately developed distal accessory cusp, whereas 
there is no mesial accessory cusp (Fig.  2c, e). The crista 
that runs mesiolingually from the apex of the main cusp 
is slightly wider in its mesial end, creating a cuspule-like 
structure, in similar manner as in P2. There are two lingual 
expansions of the tooth’s outline, one mesial and one distal, 
whereas the latter could sometimes show another constric-
tion in its middle. The mesiolingual extent of the distal one 
(or the position of the middle one if there are three) varies, 
but in general is moderately developed and located slightly 

of the premolars, and the more robust premolars. Differs 
from H. ebu mainly in the less elongated limbs. Differs 
from H. hyaenoides, H. pilgrimi, and H. namaquensis in the 
smaller size, less robust premolars, and the larger M1, M2, 
m1 talonid, and m2.

Lectotype:  PMUU-M3707-9 (Ex. 14), skull and man-
dible, designated by Solounias (1981).

Type locality: Loc. 109 (Huan Lou Kou), Baode, China.
Temporospatial range: MN9–14 of Eurasia, from Spain 

to China. A review of the localities can be found in Semenov 
(1989), Werdelin and Solounias (1991), and Tseng and 
Wang (2007).

New material:  MGUV-16945 (mentioned as MGUV-
11032 in Morales Flores 2024), right I3; MGUV-24296, 
left I3; MGUV-18470, right C; IPC-IPS-143204, right C; 
MGUV-14799, left P1–3; MGUV-15756, left P1; MGUV-
16942, right P2; MGUV-16941, right P2; MGUV-15934, 
right P2; MGUV-14808, left P2; MGUV-15960, left P2; 
MNCN-71966, right P3; MGUV-14798, right P3; MGUV-
19192, right P3; MGUV-24146, mesial part of a right P3; 
MGUV-16944, distal part of a right P3; MGUV-24144, 
distal part of a right P3; MGUV-18466, left P3; MGUV-
16943, left P3; MGUV-14807, mesial part of a left P3; 
MGUV-24145, mesial part of a left P3; MGUV-19189, 
right P4; MGUV-15933, protocone and lingual cingulum of 
a right P4; MGUV-14801, left P4; MGUV-15932, left P4; 
MGUV-24141, left P4; MGUV-15759, mesial part of a left 
P4; MGUV-15999, mesial part of a left P4; MGUV-18467, 
right M1; MGUV-25994, right M1; MGUV-16946, left 
M1; MGUV-14797, right DP3; MGUV-16947, left hemi-
mandible with c–m1; MGUV-19193, right hemimandible 
with c–m1 and the alveoli of i1–2 and m2; MGUV-15760, 
right c; MGUV-24149, right c; MGUV-15937, right c; 
MGUV-24150, right c; MGUV-14789, left c; MGUV-
18469, right p2; MGUV-14795, left hemimandible with 
p2–4 and the alveoli of p1 and m1; MNCN-71967, left p3; 
MNCN-71972, left p3; MNCN-71973, right p3; MGUV-
14809, right p3; MGUV-14794, right hemimandible with 
p3–4; MGUV-15755, distal part of a left p3; MNCN-71969, 
right p4; MNCN-71970, right p4; MNCN-71971, left p4; 
MGUV-18468, right p4; MGUV-15758, left p4; MNCN-
71968, right m1; MGUV-19190, partial trigonid of a right 
m1; MGUV-24147, partial trigonid of a right m1; MGUV-
14796, distal part of a right m1; MGUV-24148, left m1 and 
mesial part of P3; IPC-IPS-33071 (cast MGUV-14806), left 
m1; MGUV-25902, left m1; MGUV-14800, distal part of a 
left m1.

Description: A minimum number of six individuals of H. 
wongii have been discovered in Venta del Moro based on six 
right p4s. Most of the material consists of isolated teeth, but 
also a maxilla and four hemimandibles are available. The 
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The only deciduous tooth that can be attributed to this 
hyaenid is a right DP3 (Fig. 3c). This is formed by five cusps. 
The paracone is centrally located and is the largest cusp, 
much larger than the others. The metastyle is well devel-
oped, but relatively shorter than the respective structure in 
the adult upper carnassial. The parastyle is much smaller 
than in the P4 and is restricted to a small, pointy elevation 
on the mesial end of the tooth. An additional cusp is present 
between the paracone and the parastyle, here interpreted as 
a paraconule. This is higher and wider than the parastyle and 
it is slightly more lingually positioned than the other three 
cusps. The metastyle, paracone, and parastyle are aligned 
on the axis of the tooth. The protocone is long and narrow 
and stems from the middle point of the paracone forming 
an almost right angle. It is moderately high, and a shallow 
basin is formed between it and the paracone. The cingulum 
is moderately developed with the distolingual border being 
much more robust.

The mandibular ramus is better preserved in the speci-
men MGUV-19193 (Fig. 4a), but a larger part of it is also 
visible in MGUV-16947 (Fig.  4b). The coronoid process 
and the mandibular condyle are missing. The angular pro-
cess is relatively short and slightly curved dorsally. The 
mandibular fossa is relatively deep and extends mesially 
until the level of m2. The height of the mandibular corpus 

distally. The cingulum is more developed distally, especially 
on the distolingual border of the tooth.

The upper carnassial (P4) has four cusps that show some 
degree of variability with the two ends of the range seen in 
Fig. 2f, g. The paracone is always the highest cusp, consider-
ably higher and more robust than the rest of the cusps. There 
is a very strong parastyle, which could be higher (Fig. 2f) 
or lower (Fig.  2g) than the metastyle, depending on their 
development and the particular stage and manner of dental 
wear. The metastyle is also variable in terms of its length, as 
it can be longer (Fig. 2f) or shorter (Fig. 2g). The protocone 
is well developed and it is situated more or less at the level 
of the parastyle, but again it shows some degree of variabil-
ity from more distal (Fig. 2f) to more mesial (Fig. 2g) posi-
tions. The cingulum of the P4 is very developed, especially 
on its distolingual border.

The M1 (Fig.  3b) is formed by three cusps and has a 
narrow outline. The two buccal cusps, the paracone and 
the metacone, are asymmetrical, with the paracone being 
slightly longer and wider, also showing a much more devel-
oped buccal outline. The lingual protocone is considerably 
high, hook-like and rugose, merged with the lingual cin-
gulum. It is positioned between the two buccal cusps and 
between them there is a clear basin.

Fig. 2  Upper dentition of Hyaenictitherium wongii from Venta del 
Moro. a. MGUV-24296, left I3 in buccal (left) and distal (right) views; 
b. MGUV-18470, right C in lingual (left) and distal (right) views; c. 
MGUV-14799, left maxilla with P1–P3 in buccal (left) and occlusal 
(right) views; d. MGUV-15934, right P2 in buccal (left), lingual (mid-

dle), and occlusal (right) views; e. MGUV-18466, left P3 in buccal 
(left), lingual (middle), and occlusal (right) views; f. MGUV-15932, 
left P4 in buccal (left), lingual (middle), and occlusal (right) views; g. 
MGUV-14801, left P4 in buccal (left), lingual (middle), and occlusal 
(right) views. Scale bar equals 1 cm
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the crown towards the distolingual end of the dental border. 
The distal base of the tooth forms a faint heel.

The only p1 found is on the right hemimandible MGUV-
19193 (Fig. 4a). It is very similar to the P1, but much smaller 
in length and width (almost half), its single cuspid is slightly 
higher than the main cusp of the P1, and the outline is more 
circular. The p2 is smaller and narrower in comparison to 
the p3 (Figs. 4 and 5b). The main cuspid is moderately high 
and forms a relatively obtuse angle. It is slightly mesially 
placed and there is no mesial accessory cuspid. The mesial 
cristid is parallel to the axis of the tooth and at its mesial end, 
it forms a faint heel. A small distal accessory cuspid is pres-
ent. The cingulid is moderately developed and the outline of 
the tooth is almost oval shaped with the lateral and buccal 
sides being parallel. The p3 is very similar to the p2, but it 
differs from the latter on a larger and more robust main cus-
pid, a more developed cingulid, a more robust mesial cris-
tid, and a wider outline (Figs. 4 and 5c). In contrast to the 
two former premolars, the p4 has a strong mesial accessory 
cuspid (Figs. 4 and 5d and e). The mesial accessory cuspid, 
even though it is developed, is smaller than the distal one. 
However, the distal accessory cuspid is still the highest of 
the accessory cuspids of the premolar. The three cuspids are 

becomes gradually lower towards the symphysis. However, 
the ventral outline of the mandible is not smooth, because 
there is a mental edge at the distal plane of p2, so that the 
height below p2 is slightly higher than below p3. There is 
only one mental foramen, relatively large and circular, situ-
ated below p2. A long diastema is present between the p1 
and the c, but no other diastema is noted. On the contrary, 
there is some overlap between most of the cheek teeth with 
the mesial end of the distal one being positioned lingually to 
the distal end of the mesial one. The symphysis is long and 
extends distally until the middle plane of p2.

The only lower incisor is that of MGUV-19193 (Fig. 4a). 
The central part of this tooth is formed by a large main cus-
pid, which is lower than that of the I3 and not curved, but 
more spatulate-shaped. The lingual cristid of this cuspid is 
much higher and robust than the buccal one. On the buccal 
side of the tooth, there is a laterally diverging cuspid. The 
cingulid is very mild, not creating a crest as in the I3. The 
lower canine is long, robust, and curved, not very differ-
ent from the upper one (Figs. 4 and 5a). The border of the 
enamel of the crown is extended more towards the root on 
its buccal side. There is a cristid stemming from the apex of 

Fig. 3  Upper dentition of Hyaenictitherium wongii from Venta del 
Moro. a. MGUV-15756, left P1 in occlusal (left) and lingual (right) 
views; b. MGUV-16946, left M1 in occlusal (left) and mesial (right) 

views; c. MGUV-14797, right DP3 in lingual (left), buccal (middle), 
and occlusal (right) views. Scale bar equals 1 cm
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Remarks: Two P3s and two p4s are reported separately 
from the material already described, mainly because of their 
size, which is slightly larger than that of the other specimens 
from the locality (Fig. 6).

Description:  Specimens MGUV-14810 (right) and 
MGUV-14810 (left) are extremely worn and may belong to 
the same individual based on their stage of wear and dimen-
sions. Despite the advanced wear, there are relatively large 
distal and mesial wear facets, indicating that a cusp may 
have been present on each of them, with the mesial one being 
slightly centrally located. The mesial expansion of the tooth 
outline is moderately developed and distally located. The 
two p4s are slightly larger than the corresponding teeth of 
H. wongii from Venta del Moro, especially MGUV-15935. 
The main cuspids and the mesial and distal accessory cus-
pids are relatively high and placed in line. In MGUV-15757 
the mesial accessory cuspid is approximately as high as the 
distal one, whereas in MGUV-15935 it is slightly lower. 
However, in the latter specimen, the distal cingulid is very 
developed, forming a crest-like wall that is stronger disto-
lingually, creating a cuspid-like structure that provides a 
wider outline on the distal part of the tooth.

aligned and the lingual and buccal borders of the tooth are 
either parallel or slightly converging mesially.

The lower carnassial (m1) is the largest tooth of the lower 
tooth row (Figs. 4 and 5f and g). The trigonid is much larger 
than the talonid, which is restricted in length, width, and 
height. The protoconid is the largest cuspid, followed by the 
paraconid (in some cases subequal to the protoconid), and 
then by the (relatively large) metaconid, which is oriented 
lingually but is still clearly lower than the two other trigonid 
cuspids. The angle between the protoconid and the paraco-
nid is moderately strong. There are three cuspids on the bor-
der of the talonid: a lingual entoconid, a distal hypoconulid, 
and a buccal hypoconid, with the latter being the highest of 
the three. There is a short and shallow basin among them. 
The cingulid is moderately developed and it is more marked 
mesiobuccally.

Ictitheriinae indet.

Referred material:  MGUV-24142, right P3; MGUV-
14810, left P3; MGUV-15935, right p4; MGUV-15757, 
right p4.

Fig. 4  Hemimandibles of Hyaenictitherium wongii from Venta del 
Moro. a. MGUV-19193, right hemimandible with i3–m1 in buccal 
(upper), lingual (middle), and occlusal (lower) views; b. MGUV-

16947, left hemimandible with c–m1 in buccal (upper), lingual (mid-
dle), and occlusal (lower) views. Scale bar equals 2 cm
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Even though there is some degree of variability in the stud-
ied dataset of Venta del Moro, it is clear that the specimens 
correspond to one or maybe two closely related species. 
The size and relative dimensions of the teeth show that the 
material belongs to a medium-sized ictithere. This is smaller 
than more derived hyenas such as Adcrocuta, Allohyaena, 

Discussion

Comparisons of the Venta del Moro material: 
differentiation between H. wongii and H. 
hyaenoides

Fig. 6  The dental material of the larger Ictitheriinae indet. a. MGUV-
14810, left P3 in buccal (left), lingual (middle), and occlusal (right) 
views; b. MGUV-24142, left P3 in buccal (left), lingual (middle), and 
occlusal (right) views; c. MGUV-15935, right p4 in buccal (left), lin-

gual (middle), and occlusal (right) views; d. MGUV-15757, right p3 
in buccal (left), lingual (middle), and occlusal (right) views. Scale bar 
equals 1 cm

 

Fig. 5  Lower dentition of Hyaenictitherium wongii from Venta del 
Moro. a. MGUV-14789, left c in lingual (left) and buccal (right) 
views; b. MGUV-18469, right p2 in lingual (upper left), buccal (upper 
right), and occlusal (lower) views; c. MNCN-71967, left p3 in buccal 
(left), lingual (middle), and occlusal (right) views; d. MNCN-71970, 

right p4 in buccal (left), lingual (middle), and occlusal (right) views; e. 
MNCN-71969, right p4 in lingual (left), buccal (middle), and occlusal 
(right) views; f.IPS33071, left m1 in buccal (left), lingual (middle), 
and occlusal (right) views; g. MGUV-24148, left m1 in occlusal (left), 
buccal (middle), and lingual (right) views. Scale bar equals 2 cm
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hyaenoides-size groups. Even though these differences are 
indeed present, the overlap between the two groups can be 
very significant, while other suggested differences (such as 
the presence of pterygoid hooks, the inflation degree of the 
auditory bulla, or the tip of the jugular processes) can be 
affected by taphonomy. Therefore, we prefer to refer to both 
forms under the name Hyaenictitherium, noting that they 
indeed correspond to distinct ecomorphological (and pos-
sibly evolutionary) stages. Considering these comparisons, 
the material from Venta del Moro is consistent with the size 
and morphology of the genus Hyaenictitherium.

As the specimens from Venta del Moro are clearly larger 
and more robust than H. minimum, with much more devel-
oped premolar accessory cusps and cuspids, the follow-
ing comparisons focus on the morphometric differences 
between H. hyaenoides and H. wongii sensu lato. Even 
though most of the material from Venta del Moro corre-
sponds perfectly with the morphology of H. wongii, a well-
known species from the Late Miocene of Europe, a few 
specimens described above as Ictitheriinae indet. (Fig.  6) 
indicate the potential occurrence of a larger form, possi-
bly attributed to H. hyaenoides. Morphological and metri-
cal comparisons between the two species are based on the 
material of H. hyaenoides from China hosted in the AMNH 
(based on the identifications of Werdelin 1988a) and the 
material of H. wongii from Samos hosted in various collec-
tions in Europe and the AMNH, accompanied by the metri-
cal range shown in China (Solounias 1981; Werdelin 1988a; 
Koufos 2009). The taxonomic identification of both samples 
is not currently disputed, and we believe they demonstrate 
the morphometric range of the two main ictithere species 
adequately.

In general, H. hyaenoides is considered to be slightly 
more derived than H. wongii, as it is larger and possesses 
more robust dentition (Zdansky 1924; Qiu 1985; Werdelin 
1988a; Tseng and Wang 2007). The differences suggested by 
Qiu (1985) for H. hyaenoides are the following: larger size, 
more derived ear region, stouter mandibular corpus with 
straight ventral outline, large and mesially placed mental 
foramen(s), absence of p1, more robust canine. According 
to Werdelin (1988a), H. hyaenoides differs from H. wongii 
in the following characteristics: larger size, broader premo-
lars, relatively longer p4 main cuspid and m1 trigonid, and 
reduced M1, M2, and m2. Tseng and Wang (2007) repre-
sented some of these differences in their cladistic matrix as 
LP4/WM1 = 1.84 instead of 1.70, Wp3/Lp3 = 0.54 instead of 
0.48, Wp4/Lp4 = 0.50 instead of 0.48, and WP3/LP3 = 0.58 
instead of 0.54∼0.55. However, as also pointed out in Kar-
gopoulos et al. (2023b), these metrical differentiations serve 
more as expressions of evolutionary trends and less as clear 
taxonomic criteria. In this sense, considering the variabil-
ity of both species and the fact that most of the specimens 

Lycyaenops, Leecyaena, Hyaenictis, and Chasmaporthetes, 
but larger than smaller opportunistic forms such as Prot-
ictitherium, Gansuyaena, Tungurictis, and Plioviverrops 
(e.g., Howell and Petter 1985; Kurtén and Werdelin 1988; 
Werdelin and Solounias 1990, 1991; Werdelin et al. 1994; 
Werdelin 1999; Werdelin and Kurtén 1999; Fraile 2016; 
Vinuesa et al. 2017; Wang et al. 2020; Galiano et al. 2022). 
In the Late Miocene of Eurasia, there are many hyaenid 
genera that belong to this size-group (e.g., Semenov 1989, 
2008; Werdelin and Solounias 1991; Turner et al. 2008). 
The presence of developed accessory cusps and cuspids 
on the premolars, as well as the restricted m1 talonid with 
relatively low cuspids, shows that this material differs from 
the usual morphology of Ictitherium (e.g., Kurtén 1954, 
1982; Semenov 1985, 1989, 2008; Werdelin 1988b). This 
aspect will be discussed further. The material also differs 
from Lycyaena in its slightly smaller size, wider premo-
lars with lower and obtuse main cusps/cuspids, and the 
larger m1 metaconid (Zdansky 1924; Pilgrim 1931; Qiu 
1985; Werdelin 1988a). Compared to the genera Metahy-
aena, Palinhyaena, and Belbus, it is also distinguishable 
by the development of the accessory cusps/cuspids of the 
premolars and the concave/straight profiles of their mar-
gins (Qiu 1985; Werdelin 1988a; Werdelin and Solounias 
1991; Viranta and Werdelin 2003; de Bonis et al. 2010). 
The genus Ikelohyaena, which is known from the Late Mio-
cene to the Late Pliocene of Africa, exhibits an intermediate 
morphology between ictitheres and bone-crushing crocu-
toid hyenas (Hendey 1974, 1978; Werdelin and Solounias 
1991; Werdelin et al. 1994; Coca-Ortega and Pérez-Claros 
2019). In general, the dentition of this species is more mas-
sive, with wider premolars, higher and wider main cusps/
cuspids, slightly smaller mesial accessory cusps/cuspids, 
and slightly larger size. The cingula/cingulids are more 
developed and particularly in the p4 the distal cingulid is 
robust, especially on its buccal side, creating a strong cris-
tid. The taxonomy of the genus Thalassictis has been prob-
lematic in the past, but its classification is now much more 
restricted. Although the dentition of this genus is not very 
different from that of Miohyaenotherium and Hyaenictith-
erium, it shows some more primitive characteristics, such 
as the larger m1 talonid and the slightly larger M2 and m2 
(Kurtén 1982; Qiu 1985; Werdelin 1988b; Semenov 1989, 
2008; Werdelin and Solounias 1991; Kargopoulos et al. 
2022). While the differences between the remaining genera 
Miohyaenotherium and Hyaenictitherium are not striking 
in terms of isolated dentition, the former is characterised 
by a mesially protruding P4 protocone and a developed m1 
entoconid that is higher than the hypoconid (Semenov 1989, 
2008). This genus will be discussed further later on. The 
genus Hyaenotherium Semenov, 1989, was erected to high-
light the evolutionary differences between the wongii- and 
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cases, it is well developed (as in AMNH 20554), whereas in 
others it is much smaller (e.g., AMNH 144879). There is a 
trend towards a slightly larger protocone in H. wongii than 
in H. hyaenoides, but there is considerable overlap. Most 
of the time, the protocone is at the level of the parastyle, 
but it can be slightly more mesially or (more commonly) 
distally positioned. The metastyle is also very variable in 
terms of its length (e.g., shorter in MGL-82849), outline 
(in some specimens it is curved, e.g., AMNH-144883) and 
development of the lingual cingulum (e.g., more developed 
in AMNH 20555). Considering this variability, it is unclear 
whether the two species can be distinguished in morpho-
logical terms without metric comparisons. While there are 
some trends, such as the wider P3 and the less developed 
P4 protocone in H. hyaenoides, there is significant morpho-
logical variability that prevents the establishment of clear 
separating characters.

Concerning the p4, there is significant variability in both 
species (Table 2; Online Resource 3) in terms of absolute 

from Venta del Moro are isolated teeth, this study attempts 
to review the morphological and metrical differences of the 
two species for each of the main cheek teeth separately, in 
order to accurately identify the material.

Although there are some metrical differences between 
the P3 and P4 of the two species, they are not easily dis-
tinguishable in morphological terms, partly because of the 
considerable variability observed in both (Table 1; Online 
Resource 2). Concerning the P3, variability exists in the 
degree of development of the mesial region, including the 
mesial crest, as well as in the development of the cingulum 
and the lingual expansion of the tooth, which can be ves-
tigial (e.g., AMNH 144879 for H. hyaenoides and MGL-
39697 for H. wongii) or large and pointy (e.g., AMNH 
144884 for H. hyaenoides and AMNH 23031 for H. won-
gii). The development of the lingual expansion also affects 
the total width of the tooth, showing that metrical compari-
sons can also incorporate this factor of variability. The size 
and position of the protocone of the P4 also vary. In some 

H. wongii
Venta del Moro

Ictitheriinae indet.
Venta del Moro

H. wongii H. hyaenoides I. pannonicum

I3L 5.3–6.2
5.8 (n = 2)

I3W 5.0–5.3
5.2 (n = 2)

CL 8.0–9.5
8.8 (n = 2)

13.6

CW 6.5 (n = 2) 8.9
CH 18.2
P1L 5.8–6.3

6.1 (n = 2)
4.8–6.2
5.4 (n = 12)

5.7

P1W 4.8–5.0
4.9 (n = 2)

3.8–4.8
4.4 (n = 10)

4.2

P2L 12.7–13.7
13.1 (n = 4)

11.1–15.1
13.3 (n = 83)

14.0–17.2
15.4 (n = 19)

14.3

P2W 6.4–7.5
6.7 (n = 5)

5.4–7.7
6.5 (n = 99)

7.4–10.0
8.6 (n = 19)

7.0

P3L 16.1–17.2
16.7 (n = 4)

17.5–18.2
17.9 (n = 3)

14.3–19.0
16.7 (n = 91)

18.0–22.5
19.7 (n = 19)

18.0–18.5
18.3 (n = 2)

P3W 9.3–10.8
9.7 (n = 6)

9.6–11.0
10.5 (n = 3)

7.4–10.8
9.0 (n = 108)

9.8–13.1
11.4 (n = 22)

10.0–10.2
10.1 (n = 2)

P4L 21.8–26.0
23.7 (n = 4)

23.1–29.2
25.5 (n = 100)

27.4–33.4
30.0 (n = 17)

26.3–27.5
26.8 (n = 3)

P4W 13.8–15.4
14.3 (n = 5)

11.2–16.8
14.0 (n = 92)

15.5–19.2
17.0 (n = 21)

15.0–16.2
15.8 (n = 3)

P4Wb 8.2–9.0
8.6 (n = 4)

7.2–10.6
8.6 (n = 107)

9.1–11.8
10.4 (n = 19)

M1Lb 7.1–7.9
7.5 (n = 2)

6.0–9.2
7.9 (n = 82)

7.0–8.9
8.0 (n = 14)

13.3–13.4
13.4 (n = 2)

M1Ll 5.2–5.9
5.6 (n = 2)

M1W 12.7–13.4
13.1 (n = 2)

13.2–18.1
15.0 (n = 82)

14.3–18.7
16.3 (n = 14)

19.5–19.7
19.6 (n = 2)

DP3L 14.0
DP3W 9.2
DP3Wb 4.1

Table 1  Comparison of the upper 
teeth dimensions of the sample 
from Venta Del Moro to that 
of other hyenas. Data sources: 
Kretzoi (1952), Semenov (1985), 
and Werdelin (1988a). Abbrevia-
tions: H, height; L, length; Lb, 
buccal length; Ll, lingual length; 
n, number of specimens; W, 
width; Wb, blade width. Ranges 
represent minimum and maxi-
mum values
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From the aforementioned comparisons between H. won-
gii and H. hyaenoides, it is clear that their huge intraspe-
cific variability in Eurasia, mainly expressed in the Chinese 
samples in Qiu (1985); Werdelin (1988a), is so substantial 
that it encompasses many other taxa (including I. sivalense, 
H. pilgrimi, H. venator, and H. magnum). This would result 
in a relatively continuous distribution of the two hyaenids 
from Spain to China during the Late Miocene. This is not 
an unusual situation, as a similar temporospatial taxonomic 
homogeneity has been established for other fossil hyenas, 
such as Adcrocuta eximia (Werdelin and Solounias 1990), 
I. viverrinum (Werdelin 1988b; Semenov 1989, 2008) and 
possibly Lycyaena chaeretis (Werdelin 1988b; Werdelin 
and Solounias 1991), but it is also seen in extant medium- 
to large-sized carnivorans, such as the brown bear (Pas-
itschniak-Arts 1993), the grey wolf (Mech 1974), and the 
red fox (Larivière and Pasitchniak-Arts 1996). As Werdelin 
(1988a) emphasized, in the case of Hyaenictitherium, taxo-
nomic separations should be based on several characteris-
tics concerning many anatomical elements. This secures 
their stable application in small sample sizes and allow us 
to detect deviations and evolutionary trends without com-
promising taxonomic clarity. A renewed study including as 
many specimens as possible to demonstrates the full range 
of Hyaenictitherium morphometric variability is deemed 

and relative dimensions, size and shape of the cuspids, 
development of the cingulid and shape of the outline of the 
tooth. In general, the p4 of H. hyaenoides has a more mas-
sive (higher, longer, and wider) main cuspid, even though 
the distinction can be less clear in some cases. The clearest 
difference is possibly the size of the mesial accessory cus-
pid. Especially in H. wongii, there is considerable variabil-
ity, and dental wear can affect visibility, but in general it is 
smaller (shorter, narrower, and lower) in H. wongii than in 
H. hyaenoides. Concerning the outline, the tooth is usually 
wider in H. hyaenoides, and the edges are more rounded, 
creating a smoother outline than the angular one seen in H. 
wongii. This is most evident on the distolingual edge of the 
tooth.

Finally, significant variability is also evident in the lower 
carnassial of both species in terms of absolute and relative 
size, size of the cuspids, relative size of the talonid, out-
line of the tooth, and development of the cingulid (Table 2; 
Online Resource 4). The relative size of the m1 talonid is 
considerably variable, but it shows a trend to be shorter in 
H. hyaenoides and longer in H. wongii. This is more evident 
in the worn talonids. As with the premolars, the m1 of H. 
hyaenoides is slightly wider than that of H. wongii, even 
though there are some slender specimens of H. hyaenoides 
and some wide carnassials of H. wongii.

H. wongii
Venta del Moro

Ictitheriinae indet.
Venta del Moro

H. wongii H. hyaenoides I. pannonicum

i3L 5.3
i3W 5.0
cL 10.3–12.9

11.1 (n = 7)
10.6–12.6
11.4 (n = 2)

cW 6.7–8.0
7.6 (n = 7)

7.5–8.3
8.0 (n = 5)

cH 16.8–20.6
18.9 (n = 4)

p1L 3.2
p1W 3.3
p2L 12.3–12.5

12.4 (n = 3)
10.6–13.6
12.2 (n = 77)

12.4–15.7
14.3 (n = 14)

11.3–13.5
12.8 (n = 7)

p2W 5.6–6.3
6.0 (n = 3)

5.0–7.0
5.9 (n = 83)

7.1–8.8
7.7 (n = 15)

6.2–7.1
6.6 (n = 5)

p3L 14.2–16.1
15.0 (n = 7)

13.4–17.1
15.3 (n = 77)

15.5–19.2
17.5 (n = 14)

14.8–17.2
16.0 (n = 11)

p3W 6.9–8.7
7.7 (n = 9)

6.2–8.5
7.3 (n = 85)

8.2–10.3
9.5 (n = 16)

7.0–8.3
7.8 (n = 7)

p4L 15.6–17.5
16.4 (n = 9)

18.3–19.7
19.0 (n = 2)

14.7–19.0
17.0 (n = 66)

18.3–21.8
20.1 (n = 13)

16.0–19.7
17.3 (n = 10)

p4W 7.7–9.1
8.4 (n = 8)

8.7–8.9
8.8 (n = 2)

7.1–10.3
8.2 (n = 74)

8.8–11.3
10.1 (n = 18)

7.7–9.5
8.6 (n = 8)

m1L 19.5–20.8
19.9 (n = 6)

17.7–23.1
20.3 (n = 66)

19.0–25.1
22.9 (n = 14)

19.3–21.0
20.1 (n = 9)

m1Ltr 13.9–15.9
15.1 (n = 6)

13.0–14.9
14.1 (n = 14)

13.7–19.6
17.6 (n = 14)

13.9–15.4
14.7 (n = 6)

m1W 7.9–9.7
9.0 (n = 6)

7.4–10.2
8.6 (n = 63)

9.0–11.2
10.1 (n = 15)

8.4–10.0
9.3 (n = 8)

Table 2  Comparison of the 
lower teeth dimensions of the 
sample from Venta Del Moro to 
that of other hyenas. Sources of 
comparative data: Kretzoi (1952), 
Semenov (1985), Adrover et al. 
(1986), Werdelin (1988a), Alcalá 
(1994), and Roussiakis and The-
odorou (2003). Abbreviations: H, 
height; L, length; Ltr, trigonid 
length; n, number of specimens; 
W, width. Ranges represent mini-
mum and maximum values

 

1 3

Page 15 of 27     43 



Journal of Mammalian Evolution           (2025) 32:43 

few can be comparable to those of Venta del Moro. The type 
locality of Ictitherium pannonicum is Polgárdi in Hungary 
(Kretzoi 1952). This locality belongs to MN13 but, accord-
ing to van der Made et al. (2013, and references therein), it 
should correspond to either early stages of MN13 or even 
MN12. Sardella (2008) attributed the dental material from 
Gravitelli (Italy) published by Seguenza (1902) to H. hyae-
noides (Ictitherium hipparionum in the original text). This is 
an interesting report but, considering that the material is now 
lost and that the isolated upper teeth of Hyaenictitherium are 
not very different from that of Lycyaena (Werdelin 1988a), 
it is not easy to ascertain the affinities of these specimens. 
Nevertheless, the age of the locality is definitely older than 
that of Venta del Moro, since the review of Iannucci (2024) 
concluded that it predates 7.0 Ma. One tooth from Verduno 
(MN13 of Italy) was reported by Sardella (2008) as a P3 
of Hyaenictitherium sp. However, this tooth shows parallel 
buccal and lingual borders, without expansions or constric-
tions. Therefore, it is identified here as a lower premolar and 
not an upper one, and since there is no mesial accessory cus-
pid, it should be a p3 and not a p4. However, the dimensions 
given by Sardella (2008) for the specimen (22.5 × 11.6 mm) 
exceed the metrical range of p3 not only for Hyaenictithe-
rium, but also for larger hyenas, even though its morphology 
is not crocutoid. This specimen is intriguing, but without 
more material and no solid stratigraphical framework for the 
locality, an accurate identification is not possible. The mate-
rial attributed to Ictitherium ibericum by Meladze (1967), 
considered as conspecific with I. viverrinum by Semenov 
(2008), comes from the locality of Bazaleti in Georgia. This 
locality has been considered possibly MN13 (Werdelin and 
Solounias 1991), but Vangengeim and Tesakov (2013) state 
that magnetostratigraphically it aligns with chron C3Br 
(7.21–7.53 Ma), therefore belonging to MN12. The MN13 
localities of Kalmakpai and Pavlodar have also yielded 
Hyaenictitherium material (Semenov 1989; Werdelin and 
Solounias 1991), but these sites are situated at the far east of 
Kazakhstan, being significantly different in terms of space 
and possibly also time from Venta del Moro. Finally, the 
Spanish localities of El Arquillo, Las Casiones, and Mila-
gros, have all yielded ictithere material (Alcalá 1994; Fraile 
et al. 1997; personal observations) and are very similar in 
age to Venta del Moro. However, according to Morales et al. 
(2013), these three localities belong to the biostratigraphical 
subzone M2, which is slightly older than the subzone M3 of 
Venta del Moro. Two reports of species that are sometimes 
included in the group of ictitheres, depending on the defini-
tion chosen by each scholar, are also noted in the MN13 of 
Europe. Lycyaena chaeretis has been found in Brisighella 
(Italy) (Sardella 2008), dated to ca. 5.6–5.33 Ma, which is 
indeed younger than Venta del Moro (Rook et al. 2015). 
The genus Lycyaena has been considered to be very closely 

necessary to reveal the true extent of this genus´s taxo-
nomic, palaeoecological, and evolutionary position.

Regarding the material from Venta del Moro, it is clear 
that the bulk of the specimens can be confidently attributed 
to H. wongii. However, the identification of the specimens 
described as Ictitheriinae indet. remains unclear (Figs. 6, 7 
and 8). They are slightly larger and more robust, with more 
marked accessory cusps/cuspids. The most unusual speci-
men in terms of size and morphology is MGUV-15935.

After the detailed comparisons above, there are many 
possible attributions for all these specimens. Firstly, they 
could potentially belong to H. wongii, which appears to be 
a very plastic species in size and morphology. This seems 
more possible for the upper premolars than the lower ones. 
Another interpretation is that they belong to the larger and 
more robust H. hyaenoides, which was present in Eastern 
Europe and the Asian influences on the fauna of Venta del 
Moro are well-documented (Morales et al. 2013). In a simi-
lar manner, another possible species could be Miohyaeno-
therium bessarabicum. Even though there are no MN13 
records of this species, the morphology of its P3 and p4 
is practically identical to that of Hyaenictitherium, and a 
dispersal to Western Europe in MN13 cannot be excluded. 
Considering the potential African faunal elements in the 
locality (African-Iberian Dispersals 1 and 2 in Gibert et al. 
2013), the presence of H. namaquensis is also possible, even 
though the teeth are relatively narrower and smaller than 
those of the latter species. Finally, the species Ictitherium 
pannonicum, already reported in Spain at the sites of Valde-
cebro (Adrover et al. 1986) and Cerro de la Garita (Alcalá 
1994) and in Hungary at Polgárdi (MN13) (Kretzoi 1952; 
Semenov 1985), is also not very different in terms of mor-
phology and size. In general, the premolars of Ictitherium 
are less derived with smaller accessory cusps/cuspids than 
those of Hyaenictitherium, but I. pannonicum is larger and 
more robust, and phenotypic plasticity cannot be ruled out 
given the variation ranges seen in H. wongii and H. hyae-
noides. Therefore, in the absence of more diagnostic teeth 
of this larger form, it is herein referred to Ictitheriinae indet. 
until more material is discovered.

The last ictitheres of Europe

The ictitheres are not represented in any Pleistocene or Holo-
cene faunas. Based on current data, the last ictitheres are H. 
namaquensis from the Early Pliocene of Africa (Stromer 
1931; Hendey 1978; Howell and Petter 1980; Howell 
1987; Morales et al. 2005; Iurino et al. 2022), and possi-
bly H. hyaenoides and H. wongii from the Early Pliocene 
Gaozhuang Formation in China (Qiu and Qiu 1995; Tseng 
and Wang 2007). Concerning the latest Miocene (MN13) 
occurrences of ictitheres and related forms in Europe, very 
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al. 2006). Another species that possibly survived beyond the 
age of Venta del Moro is Protictitherium crassum, a small 
hyaenid with a very extensive temporal range in Europe. 
This species was reported in the fauna of Dytiko-3 (Greece) 

related to Chasmaporthetes, which has also been reported 
from the faunas of Maramena (Schmidt-Kittler 1995) and 
Dytiko-1 (Koufos 1987), but the latter genus is much more 
derived than the Middle Turolian ictitheres (e.g., Antón et 

Fig. 7  Upper premolar dimensions (in mm) of specimens of Venta del 
Moro (VdM) and related ictithere taxa. a. P3; b. P4. Data sources: 
Khomenko (1914), Pilgrim (1932), Hendey (1978), Semenov (1985, 

1989), Werdelin (2003), de Bonis et al. (2005, 2010), Mahmood and 
Khan (2020), Iurino et al. (2022), and personal measurements
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Fig. 8  Metrical comparison (in mm) of the specimens of Venta del 
Moro (VdM) and related ictithere taxa. a. p4; b. m1. Data sources: 
Khomenko (1914), Pilgrim (1932), Hendey (1978), Semenov (1985, 

1989), Adrover et al. (1986), Howell (1987), Alcalá (1994), Werdelin 
(2003), de Bonis et al. (2005, 2010), Iurino et al. (2022), and personal 
measurements
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to be a 30–100 kg, generalised terrestrial and carnivorous 
species. A couple of years later, Koufos (2011) and Koufos 
and Konidaris (2011) followed the same ecomorphological 
attributions but changed the body mass class to 10–30 kg. 
Kargopoulos et al. (2023a) compared the ecomorphological 
proxies (body mass, relative rostrum width, endocranial vol-
ume, bite force, dental morphology) of I. viverrinum and H. 
wongii concluding that, even though there are some differ-
ences, both species occupy a position more similar to extant 
coyotes than to jackals and wolves, respectively. They also 
concluded that H. wongii had a body mass of around 20 kg 
and a brain volume quotient of approximately 100, which 
indicate a carnivoran of relatively average brain size, simi-
lar to that of a canid (Damasceno et al. 2013). Summarising, 
our current knowledge of this species shows that H. wongii 
was a coyote-sized animal with relatively long legs adapted 
for cursoriality in open environments, as well as several cra-
niodental adaptations for durophagy.

The presence of two ictitheres in the same locality is sur-
prisingly common, even if they belong to the same genus. 
In the initial publication of H. wongii and H. hyaenoides, 
Zdansky (1924) mentions both of them from the localities 
30, 43, 44, 49, 108, 109, and 116. As indicated before, the 
same could be true for some localities of Eastern Europe 
where the material was published by Semenov (1989) as 
H. venator. Coexistence of closely related durophagous 
species has also been observed in other carnivoran groups, 
such as in borophagines (Wang et al. 1999). The dynamics 
between sympatric ictitheres can vary depending on the for-
aging strategies of each taxon (Kargopoulos et al. 2023a).

The faunal list of Venta del Moro includes an astonishing 
plethora of different species, revealing a flourishing ecosys-
tem with complex interspecific relationships (Morales and 
Aguirre 1976; Morales 1984; Pickford et al. 1995; Montoya 
et al. 2006, 2009, 2011; Pesquero et al. 2007; Salesa et al. 
2010; Mansino et al. 2014, 2015a, b, 2017, 2018; Alba et al. 
2015; Crespo et al. 2018, 2021; Caballero et al. 2021; Del-
fino et al. 2021; Guillem et al. 2022). Among the vertebrates 
discovered in the locality, the possible prey of the ictitheres 
could include the hipparions (Pesquero et al. 2007), the pig, 
the bovids, and the cervids (Morales 1984), while if social 
behavior is taken into account hunting larger animals such 
as the camelid (Pickford et al. 1995) cannot be excluded. 
Occasional consumption of smaller prey, such as rodents, 
lagomorphs, and reptiles (Montoya et al. 2006), as well as 
scavenging on even larger animals, such as the rhino or 
Anancus (Morales 1984), could also be considered possible.

The diversity of hyenas reached its peak during the Turo-
lian, with many genera found throughout Eurasia and Africa, 
ranging from small opportunistic species to canid-like ictith-
eres and bone-cracking crocutoids, such as Plioviverrops, 
Hyaenictitherium, and Adcrocuta, respectively (Werdelin 

by de Bonis and Koufos (1991), a locality that has not been 
accurately dated, but estimations suggest a range between 
7.0 and 6.0  Ma (Koufos and Vasileiadou 2015). Conse-
quently, the hyaenid record from Venta del Moro represents 
the last accurately dated evidence of ictitheres sensu stricto 
in Europe.

Palaeoecology, coexistence with Canidae, and 
competitive exclusion

Our knowledge of the palaeoecology of ictitheres comes 
from ecomorphological comparisons with modern ana-
logues. Over the years, many different approaches have been 
used to understand the ecological role of the ictitheres, with 
Hyaenictitherium being among the most commonly stud-
ied hyaenids in such research efforts. Werdelin and Solou-
nias (1991) followed by Werdelin and Solounias (1996) 
and Turner et al. (2008) established six ecomorphological 
groups for fossil hyenas based on their anatomical charac-
teristics and concluded that Hyaenictitherium belongs to the 
“jackal- and wolf-like meat and bone eaters” group. This 
attribution was verified by Coca-Ortega and Pérez-Claros 
(2019) based on the dimensions of the cheek teeth, with 
the sole exception of H. namaquensis, which appears to be 
slightly more derived and similar to cursorial meat and bone 
eaters, such as Lycyaena and Chasmaporthetes. Semenov 
(1989, 2008) states that Hyaenictitherium is characterised 
by elongated limbs, even though a more detailed taxonomic 
and ecomorphological comparison has yet to be conducted. 
The ecomorphological comparison of H. ebu by van der 
Hoek and Werdelin (2024) showed that this is definitely true 
at least for this species, since it resembles the maned wolf. 
As noted by Werdelin (1988a); Spassov et al. (2019), and 
based on personal preliminary observations (NK) of mate-
rial from Samos, it can be said that the postcranial elements 
of H. wongii are indeed long, but not to the same extent as in 
H. ebu. The semi-cursorial body plan of Hyaenictitherium 
consists of a fitting adaptation to relatively open environ-
ments (Kargopoulos et al. 2023a) and is consistent with 
the palaeoenvironment of Venta del Moro (Casas-Gallego 
et al. 2015). Joeckel (1998) studied the frontal sinuses of 
fossil hyaenids and pointed out their considerable expan-
sion, initially seen as an elongation in intermediate forms 
(including Hyaenictitherium) and interpreted as an adap-
tation that reduces resistance to high mechanical stress in 
the skull (such as bone-cracking). Stefen and Rensberger 
(1999), followed by Ferretti (2007) and Tseng (2011, 2012), 
compared the Hunter-Schreber bands (HSB) of several fos-
sil hyaenids and showed that Hyaenictitherium presents 
zigzag HSBs, which is another dental adaptation towards 
durophagy. Nagel and Koufos (2009) discussed the carniv-
oran guild of Samos and Greece and considered H. wongii 

1 3

Page 19 of 27     43 



Journal of Mammalian Evolution           (2025) 32:43 

ictitheres were still present in East Africa (Werdelin and 
Peigné 2010).

Even though the canids eventually covered the niche of 
ictitheres, the patterns of this transition are not clear. The 
coexistence of ictitheres and canids in the same locality 
shows that sympatry was at least occasionally possible. 
With the exception of the obscure “Canis” cipio record, the 
other recorded cases show that ictitheres were larger than 
their sympatric canids. A comparison of the hemimandibles 
of Hyaenictitherium and Eucyon (Fig. 10) shows differences 
in size, but also in the robustness of the mandibular cor-
pus and dentition. The mandibular corpus of E. debonisi is 
short and slender, whereas that of H. wongii is much deeper 
and wider. Additionally, the lower premolars of Hyaenic-
titherium are much larger and more robust, and have more 
developed accessory cuspids and cingulids, as well as more 
rugose and wide enamel, making them much more suitable 
for bone consumption. Also considering the potential social 
behaviour of ictitheres (Werdelin and Solounias 1991; Kar-
gopoulos et al. 2023a) and their relatively advanced adapta-
tions for durophagy discussed above, it is possible that the 
two groups engaged niche partitioning and subsequent bal-
anced sympatry. However, it must be noted that no medium- 
to small-sized hyaenids, such as I. viverrinum or P. crassum, 
have been found together with canids. Therefore, bilateral 
exclusion for this size group of hyenas is possible. On the 
other hand, the record of canids in Europe in MN13 and 
MN14 is limited, since they have only been recorded in very 
few sites, with Venta del Moro and Brisighella being the 
only localities with more than a handful of specimens (Rook 
2009). In other words, this record is hardly comparable to 
the extreme abundance and diversity of ictitheres seen in 
MN12. Presently, it is not impossible that the dominance of 
ictitheres in Eurasia and Africa formed an ecological barrier 
to the western expansion of canids, and that the extinction of 
the former for unknown reasons enabled the canids to grad-
ually occupy their ecological niche. Therefore, even though 
the dispersal of canids could have contributed to the sudden 
extinction of most ictitheres, this process appears to have 
been much more complex, being influenced by other possi-
ble factors, particularly the climatic and tectonic changes in 
Europe during the latest Miocene, such as a global warming, 
the Messinian Salinity Crisis and the Rhodanian tectogenic 
phase (Aguirre 2003; Morales et al. 2013). All these led to 
profound environmental changes in terrestrial ecosystems 
that may have affected the ictitheres and related groups. 
Hopefully, the discovery of more fossils from the MN13/14 
transition and the conduction of more detailed palaeoeco-
logical comparisons will clarify the exact conditions sur-
rounding this replacement.

1991; Werdelin and Solounias 1991; Turner et al. 2008; 
Koufos 2021). However, almost all ictitheres went extinct at 
the end of the Miocene, with H. namaquensis and the record 
of Gaozhuang being the sole exception, as discussed previ-
ously. The extinction of the canid-like ictitheres coincided 
with the arrival and gradual dominance of the true canids 
in Eurasia and Africa. However, it is unclear whether this 
happened due to competitive exclusion, or whether ictith-
eres became extinct before the arrival of canids, which sub-
sequently occupied the empty ecological niches (Werdelin 
1991). There are some rare cases in Europe and Africa in 
which ictitheres coexist with canids in the same locality and 
the ictithere genus that is most often sympatric with canids 
is Hyaenictitherium (Fig. 9).

Even though the actual stratigraphic attribution of 
“Canis” cipio is doubted, the two specimens of this species 
have been found at the localities of Cerro de la Garita in 
Concud (Crusafont Pairó 1950; Alcalá 1994) and Los Man-
suetos (Pons Moyà and Crusafont Pairó 1978) (in Teruel), 
and both sites contain ictitheres (Alcalá 1994). If this canid 
record is indeed accurate and the maxilla from Cerro de la 
Garita comes from the same fossiliferous layers as the other 
specimens of this locality, then Ictitherium aff. pannonicum 
published by Alcalá (1994) is the only non-Hyaenictitherium 
ictithere to have coexisted with a canid. Another example is 
of course Venta del Moro, where Hyaenictitherium coexists 
with the slightly smaller-sized Eucyon debonisi (Montoya et 
al. 2009). That is, the last ictithere of Europe coexists with 
the first Eucyon of Europe. Similarly, in Langebaanweg 
H. namaquensis coexists with Eucyon khoikhoi (Hendey 
1974, 1978; Valenciano et al. 2022). Based on the length 
of skull and the lower carnassial these two canids are simi-
lar in size to Canis adustus, so they are smaller than their 
sympatric ictitheres. Interestingly, a third canid-like taxon 
has been discovered recently in the locality (Churcher et al., 
2025). Civettictis vulpidens, a giant viverrid could overlap 
ecomorphologically with both the hyaenid and the canid. 
In the locality of Verduno, where the enigmatic large hyena 
discussed above has been found, there is also the species 
Eucyon monticinensis (Rook, 1992) described recently by 
Azzarà et al. (2025). In Middle Awash (Ethiopia), Hyaenic-
titherium sp. coexists with Eucyon intrepidus (Eucyon sp. in 
Haile-Selassie and Howell 2009). Again, the latter is much 
smaller, although both forms are poorly recorded (Haile-
Selassie and Howell 2009; Valenciano et al., 2022). In Toros-
Menalla (Djurab, Chad), H. minimum (de Bonis et al. 2005, 
2010) coexists with the considerably smaller Vulpes riffau-
tae (de Bonis et al. 2007). Apart from direct sympatry, there 
is also indirect evidence of possible co-occurrence, at least 
temporally in broader regions. For instance, in the Lukeino 
Formation of Kenya the species E. intrepidus (Morales et 
al. 2005) is found during a time period (6.1–5.8 Ma) when 
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Fig. 9  Map depicting the cases of coexistence between canids and ictitheres in Europe and Africa. Map source: mapchart.net
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Fig. 10  Comparison of the 
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debonisi and Hyaenictitherium 
wongii. a. Eucyon debonisi from 
Venta del Moro (composite of 
the specimens MGUV-14787, 
MGUV-24125, and MGUV-
14791, published in Montoya et 
al. 2009); b. Hyaenictitherium 
wongii from Venta del Moro 
(MGUV-19193 - flipped); c. 
Hyaenictitherium wongii form 
Samos (AMNH 20586 - flipped). 
Hyaenictitherium specimens were 
reversed for better comparison 
with the Eucyon hemimandible. 
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