Theriologia Ukrainica, 22: 63-68 (2021)
p-ISSN 2616-7379 « e-ISSN 2617-1120

DOI: 10.15407/TU2207

0
o
o
L]
-
-]
v

Ucrainiae

Theriologicae

THE INCISIVE FORAMEN AS CHARACTER IN DISTINGUISHING
MORPHOLOGICALLY SIMILAR SPECIES OF MAMMALS

Igor Zagorodniuk

Key words

morphologically similar species,
incisive foramen, interspecific
differences

doi
http://doi.org/10.15407/TU2207

Article info

submitted 29.05.2021
revised 25.07.2021
accepted 22.12.2021

Language

English, Ukrainian summary

Affiliations

National Museum of Natural
History, NAS of Ukraine (Kyiv,
Ukraine)

Correspondence

I. Zagorodniuk; National Museum
of Natural History NAS of
Ukraine, 15 Bohdan Khmelnytsky
Street, Kyiv, 01054 Ukraine;
e-mail: zoozag@ukr.net

orcid: 0000-0002-0490-8134

Abstract

An analysis of the morphology and variability of the size and shape of a key mor-
phological structure in the rostral part of the skull—the incisive foramen—has been
carried out. It is shown that incisive foramina are variable morphological struc-
tures, the features of which are group-specific (at the level of genera and families),
and in some cases also species-specific. At both these levels, the shape and size of
the incisive foramen have features that can serve as criteria for species identifica-
tion by osteological patterns. Their location is important for diagnosis because
these structures are preserved in most specimens that have suffered various kinds
of damage (e.g. in fodder residues of carnivorous mammals or in owl pellets), and
their placement in the anterior part of the bony palate as well as them being pro-
tected from the sides with rows of teeth makes these structures invulnerable to
trauma-related variation. It is shown that there is a specific structure (size, location,
and shape) of incisive foramina at the level of taxonomic groups of all ranks, from
orders to species. The analysis was performed mainly on the examples of different
groups of rodents as an order, represented by the largest number of pairs of close
species. Examples with several different groups, in particular with different pairs of
species of voles, mice, mole rats, ground squirrels, and others are considered.
Examples with differences in close pairs of species in other groups (white-toothed
shrews, polecats, roe deer, etc.) are also known. In all pairs of related species, a
pattern was found, according to which species that are restricted to steppe ecosys-
tems have the smallest incisive foramina, while species from wetland habitats have
large ones. In many cases, groups of genera and families well differ in the shape
and location of incisive foramina, and close pairs of species differ well in the size
of these structures (primarily in length), although it is important to always consider
the ontogenetic age of specimens: in young individuals, the incisive foramina are
naturally small, similar to incisive foramina in other species, which are character-
ized by small incisive foramina in general. Based on the known data on the role of
incisive foramina and the Jacobson organ in the life of mammals, hypotheses have
been considered that may explain the differences in species and genera by the
structure (size, location, and shape) of incisive foramina.
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PizueBi oTBOpH sik 03HaKa NpH Po3pi3HeHHI MOP(OJIOTiYHO OJIN3bKUX
BHUJIIB CCABIiB

Irop 3aropoaniok

Pesrome. [IpoBeneno anamiz Mop¢oorii Ta MiHIMBOCTI po3MipiB i GpopMu KIIF090BOT MOP(OIIOTIUYHOI CTPYK-
TypH B POCTPAJILHOMY BiAfini yepena — pi3leBux oTBopiB. IlokazaHo, 1o pi3leBi 0TBOPHU € MiHINBOIO MOPQO-
JIOT1YHOIO CTPYKTYPOIO, OCOOIMBOCTI SIKOi € rpynocnenudiyHUME (Ha piBHI pOIiB 1 pOAUH), @ B HU3LI BUIAAKIB
1 Bupocnermpivanmu. Ha 060x nux piBHAX— (opma 1 po3MipH pi3LEeBUX OTBOPIB MatOTh 0COOINUBOCTI, 110 MO-
XKYTh CIyTyBaTH KPUTEpiAMH 1nisl ifeHTHiKamii BUIiB 3a OCTEONOTiYHMMM 3pasKaMH. [XHe pO3TalIlyBaHHS €
Ba)XJIMBUM JJIsI TIarHOCTHKH, OCKUTBKU IIi CTPYKTYpHU 30epiraroTbesi B OLIBLIOCTI 3pa3kiB, IO 3a3HAIM THX YH
IHIIMX pyifHyBaHb (HaIp. B MOIAAX XMKUX CCaBI[B a00 B IEJIETKAaX COB) — PO3MIIIEHHS IX B IIepeAHiil yacTHHI
KICTKOBOTO ITiTHEOIHHS i 10 TIEBHOT MipH 3aXUCT 3 OOKiB 3yOHUMH psiaMH POOHTH L0 YaCTHHY POCTPYMY Helli-
JIBJIQJTHOIO TpaBMaTHYHii MiHMBOCTI. [TokasaHo, mo icHye crermdika 0ya0Bu (po3MipH, po3TamryBaHHs i ¢o-
pMa) pi3LEeBHX OTBOPIB Ha PiBHI TAKCOHOMIUHMX TPYII BCIX PaHTiB — BiJ PsIiB 0 BHIIB. AHaJi3 NPOBEICHO
MepeBaKHO Ha MPUKIAIIB Pi3HUX TPYI IPU3YHIB K PALY, IO MpeCcTaBIeHUH HAHOUIBIIOI KiIbKICTIO ap Oim-
3BKHUX BHIIB. PO3MIIHYTO NpUKITIaaM 3 KITbKOMA Pi3HUMH IpyIaMH, 30KpeMa 3 pi3HUMH NTapaMH BUAIB OIYPOBHX
(moniBKH, IIypi), MUIIEBUX (MHII, MUIIAKH), CIIMAKOBUX, BUBIPKOBHX TOLIO. BiTOMUMH TAaKOX € NPHUKIAIHA 3
BIZIMIHHOCTSIMU OJNM3BKUX Iap BUMIB y 1HIIHNX rpym (01103yOKH, TXOpHU, CapHH TOIIO). Y BCiX HMapax ONU3bKUX
BUJIIB BHUSIBJICHO 3aKOHOMIPHICTB, 3a SIKOIO BHIH, III0 OOMEKEHO IOUIMPEHI B CTENIOBUX EKOCHCTEMaX, MaloTh
HAMOLTBIIT MaJTi Pi3leBi OTBOPH, HATOMICTh BUJIM 3 BOJIOTHX OIOTOMIB — BENHKI. Y 6araTboX BUIAIKaX POAOBI i
POAMHHI TpyNH 100pe PO3pi3HAIOTECS (HOPMOIO i PO3MIIIEHHM PI3LEBUX OTBOPIB, a ONM3BKI Mapu BUIIB 100pe
PO3PI3HAIOTECS 32 po3MipaMH (HacaMIepes, TOBXKUHOI0), IPOTe TyT BaXKIMBO 3aBXKIH BPaXOBYBAaTH OHTOTEHE-
TUYHUH BiK 3pa3KiB, OCKUIBKH y MOJIOIUX OCOOHMH pi3LIEBi OTBOPU 3aKOHOMIpPHO Maili, MOZiOHI 0 pi3LeBHX
OTBOpIB IHIIMX BHUIIB, JJIA AKMX XapakTepHi Mani po3mipu incisive foramen. Ha ocHOBI BioMHX JaHHX PO
POJb Pi3LEBUX OTBOPIB 1 AIKOOCOHOBA OPraHy B JKHTTI CCaBIIB PO3IJIHYTO TIMOTE3H, IO MOKYTh MOSICHIOBATH
BIZIMIHHOCTI BUIB 1 poziB 3a OyI0BOIO (pO3MipH, pO3TalIyBaHHS i (hopMa) pi3LIEBUX OTBOPIB.

KntogoBi cnoBa: Mopdonoriuno 6IM3bKi BHIH, Pi3LIE€Bi OTBOPH, MIXXBHIOBI BiIMIHHOCTI.

Introduction

The incisive foramen (foramen incisivum) is a morphological structure, the most noticeable in
the rostral part of the skull. Its role is specific and is primarily related to the functions of the vomero-
nasal organ (VNO), also known as the Jacobson organ described in 1811, an ancient amniotic sense
organ well known in mammals [Bhatnagar & Smith 2003; Mendoza 1993]. One of the names of the
Jacobson organ is ‘water olfactory organ’ (Wassergeruchsorgan), which is located in the nasal cavity
and has access to the oral cavity through the incisors [Broman 1920]. These sensory organs in
mammals are associated with chemoreception, and especially, as shown later, with the analysis of
pheromones and the formation of sexual behaviour [Wysocki & Lepri 1991]. Due to the develop-
ment of the hard palate in mammals, this sense organ has anatomical limitations and a clear localiza-
tion: the incisive foramina are small paired openings located behind the incisors.

The practice of identifying mammalian taxa by osteological features demonstrates the im-
portance of such features as size, shape, and location of incisive foramina to determine genera and
species in many mammalian groups [e.g. Pucek 1984], including when comparing morphologically
similar species belonging to the same genus [Zagorodniuk 1991; Zagorodniuk et al. 1992; Barkaszi
2017]. In a number of cases, the usual metrics are important—the length (LFI) and width (BFI) of
incisive foramina—, which has repeatedly been discussed in detail by the author in a series of spe-
cial publications [e.g. Zagorodniuk 1993, 2004].

The purpose of this work is to analyse the diagnostic significance of incisive foramina (size,
shape, and location) in the study of differences between morphologically similar species of mam-
mals, mainly on the example of rodents of the fauna of Ukraine.
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General morphological characteristics

Incisive foramina are one of the most notable morphological characters of the rostral part of the
skull of most mammals, and due to their location they are one of the most available morphological
feature for comparison. This is a paired morphological structure, which is normally represented by
two openings in the bone of oval or other shape, usually located closer to the anterior edge of the
skull, often at the level of premolars or mid-diastema. From the incisive foramina dorsally on the
surface of the bony palate often extend two channels, which in some species (e.g. voles) extend to
the posterior edge of the palate. Along the central line is a bony septum that separates these two
openings. There are groups in which incisive foramina are very specific, such as bats, in which upper
incisors are reduced and the incisive foramina open anteriorly as a maxillary notch [Giannini &
Simmons 2007; Thier & Stefen 2020].

The incisive foramina are highly variable morphological structures (Fig. 1), the features of
which are group-specific (at the level of genera and families), and in some cases they are species-
specific. At both levels, the levels of superspecific groups and pairs of related species, the shape and
size of incisive foramina have features that can be used as morphological criteria to identify osteo-
logical materials. Their topography also makes them important for diagnosis, as these structures are
preserved in most specimens that have suffered some kind of destruction (e.g. in fodder residues of
carnivorous mammals or in owl pellets): their location in the anterior part of the hard palate and also,
to some extent, them being protected on the sides by the upper dentition makes this part of the ros-
trum essentially invulnerable to traumatic variability. Therefore, this feature is often one of the best
preserved and most accessible for analysis.

Mus spicilegus

Eptesicus lobatus Capreolus capreolus Vulpes corsac

Spalax arenarius

Fig. 1. Variants of appearance (size, position, and shape) of incisive foramina in different groups of mammals: mu-
roid (Microtus obscurus, Mus spicilegus, and Sylvaemus sylvaticus) and non-muroid rodents (Spermophilus suslicus,
Spalax arenarius), bats (Eptesicus lobatus), ungulates (Capreolus capreolus), and carnivorans (Vulpes vorsac).

Puc. 1. BapianTu 30BHIIIHBEOrO BUMIISIAY (PO3MIipH, MONOKEHHs 1 popma) pi3ieBHX OTBOPIB y Pi3HUX TPYIl CCaBIliB:
mumoBuaux (Microtus obscurus, Mus spicilegus, Sylvaemus sylvaticus) Ta memurnoBuaux rpusysis (Spermophilus
suslicus, Spalax arenarius), kaxanis (Eptesicus lobatus), paruunux (Capreolus capreolus), xmkux (Vulpes vorsac).
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Examples of differences in close species

Comparisons of craniometrical characters in a series of 12 pairs of morphologically similar spe-
cies revealed three groups of species in which the dimensions of incisive foramina are among the
five most significant®: 1) Mus musculus and M. spicilegus, 2) Sylvaemus sylvaticus and S. uralensis;
3) Microtus levis and M. arvalis—M. obscurus [Zagorodniuk 2004]. Subsequently, significant differ-
ences were found in the group of close species of ground squirrels, in which the length of incisive
foramina (LFI) is also included in the CD5 group [Zagorodniuk 2019].

Microtus (sensu lato). Voles are the first group of species considered here, for which the lead-
ing role of the size and shape of incisive foramina in the identification of close species has been
established—Microtus arvalis and M. levis [Zagorodniuk 1991 et al.]. Thus, in M. arvalis, incisive
foramina are elongated and narrow, clearly narrowed in the proximal part, while in M. levis they are
short and wide, usually almost equally wide along the entire length (Fig. 2a—b). Examples are shown
in Fig. 2; metric features were published earlier [Zagorodniuk 2004]. Similar differences were found
by the author in the pair of Microtus subterraneus—M. tatricus, but these differences are almost ex-
clusively related to the measurement of length: LFI = 3.5-4.1 mm in M. subterraneus and LFI = 4.1—
4.4 in M. tatricus. Differences between the pair of species M. arvalis—M. agrestis based on cranio-
metrical data are described by Barkaszi [2021]: the efficiency of diagnostics by the combination of
such characters as upper molars length vs incisive foramina length is shown.

Fig. 2. Incisive foramina in close species
of grey voles and wood mice, Microtus
arvalis—M. levis and Sylvaemus sylvaticus—
S. uralensis.

Puc. 2. Pi3ueBi oTBopH y OJIM3BKHX BUJIB
cipux momiBok Ta Mumakis, Microtus ar-
valis—M. levis ta Sylvaemus sylvaticus—
S. uralensis.

M. arvalis

Fig. 3. Examples of relative size and shape
of incisive foramina in pairs of close spe-
cies of mole rats and ground squirrels,
Spalax zemni-S. arenarius and Spermophi-
lus odessanus-S. suslicus.

Puc. 3. Ilpukmanu BiZHOCHOTO PO3MIpy i
dopMu pi3LEeBHX OTBOPIB Yy OJHM3BKHX
A BUJIB crimakiB i xoBpaxis, Spalax zemni—
) R\ S. arenarius Ta Spermophilus odessanus—
S. arenarius S. odessanus S. suslicus S. suslicus.

g’l

S. zemni

Fig. 4. Examples of relative size and shape
of incisive foramina in the pair of similar
species of fox Vulpes vulpes-V. corsac and
two related species of minks Mustela lut-
reola—M. vison.

Puc. 4. Ilpuknamy BiJHOCHOTO PO3MIpY i
(hopMu pi3LEBUX OTBOPIB Yy Mapi OIM3BKUX
BuaiB murreit Mus musculus—M. spicilegus
Ta y IBOX OJIM3bKUX BHIIB HOpok, Mustela
lutreola—M. vison.

/

-l mea Ta

M. musculus M. spicilegus M. lutreola M. vison

1 To the CD5 group the author includes 5 metric features having the largest values of the coefficient of divergence.
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Table 1. Dimensions of incisive foramina in samples of Microtus ex gr. ‘arvalis’ [Zagorodniuk 2007], Sylvaemus
sylvaticus—S. uralensis [Zagorodniuk 2004], and Mus musculus—M. spicilegus [Zagorodniuk 2002]

Tabnuus 1. Bumipu pisieBux otBopiB y Bubipkax Microtus ex gr. “arvalis” [Zagorodniuk 2007], Sylvaemus sylvati-
cus-S. uralensis [Zagorodniuk 2004] ta Mus musculus—M. spicilegus [Zagorodniuk 2002]

Character | ‘Maternal’ species ‘ Value, mm | ‘Daughter’ species ‘ Value, mm ‘ CD
LFI Microtus arvalis (n = 28) 4.94+0.23 levis (n=34) 4.43+0.20 2.37
BFI Microtus arvalis (n = 28) 1.27+0.10 obscurus (n = 42) 1.11+£0.09 1.68
BFI Microtus levis (n = 34) 1.30+0.10 obscurus (n = 42) 1.11+0.09 2.00
LFI Sylvaemus sylvaticus (n = 94) 5.34£0.27 uralensis (n = 92) 457 +0.26 291
BFI Sylvaemus sylvaticus (n = 94) 1.77+0.12  uralensis (n = 92) 1.51+0.11 2.26
LFI Mus musculus (n = 27) 5.07+0.32 spicilegus (n = 34) 4.61+0.32 1.40
LFI Spermophilus odessanus (h = 13) 3.07+0.33  suslicus (n =13) 2.65+0.28 1.39

Sylvaemus. All species of wood mice in the fauna of Ukraine have significant differences in the
size of incisive foramina. They are the largest in S. tauricus and S. sylvaticus. The absolute dimen-
sions of incisive foramina in these two species are rather similar, although the relative size of these
structures are much larger in S. sylvaticus, in which they clearly extend beyond the line of the anteri-
or faces of M1. In the second pair of species, S. uralensis and S. witherbyi, these foramina are small
and rounded at the ends. The most noticeable differences characterize the pair of species
S. sylvaticus-S. uralensis (Fig. 2c—d). An important coordinate in the descriptions of these features is
the line of the anterior edge of M1, which is intersected or not by the incisive foramina.

Spalax. In mole rats, an example is the pair of S. zemni-S. arenarius, in which the incisive fo-
ramina are located more proximally than the ‘rostral’ suture (suture between the intermaxillary and
maxillary bones), and their anterior edges are relatively wide and rounded; in S. arenarius, the ante-
rior edge of the incisive foramina are acute and located above this suture (Fig. 3a-b).

Spermophilus. In the pair of allospecies of ground squirrels, S. odessanus—S. suslicus, incisive
foramina are small, with weak but noticeable differentiation in size (Fig. 3c—d; Table 1).

Vulpes. Differences in the size, position, and shape of incisive foramina were found in the pair
of the red and the steppe foxes, V. vulpes—V. corsac: the incisive foramina in the latter species are
shortened, narrowed at the front, and do not reach the posterior edges of the canines (Fig. 4a-b).

Mustela. Several pairs of close species are in this group, including polecats and minks [Galvez-
Lopez et al. 2021]. Photos in Fig. 4c—d demonstrate differences between incisive foramina of the
European and American minks by size and position.

Patterns

When analysing the variability of incisive foramina in different groups of mammals, some gen-
eral patterns can be noted related to their diagnostic value, differences in close species, and ontoge-
netic growth rates. Of these, it is important to highlight the following three:

1) Incisive foramina have significant differences in size, location, and shape at the level of fami-
lies and genera, and are important characters in the identification of osteological specimens; clear
differences are usually found at the level of genera, and such features are often qualitative and can be
easily described in morphological terms (e.g. large, wide, and extended posteriorly in hares and birch
mice, short and narrow in mole rats, mole voles, and ground squirrels);

2) There are distinct differences in the size of incisive foramina in all pairs of sibling species,
especially in length and less so in width, or in the degree of development of the septum between
them; moreover, in pairs of related species, the differences are regular—in steppe species they are
the smallest, in species of wetter habitats are the largest (examples are given above);

3) Incisive foramina in the studied species have a pronounced age-related variability: in young
individuals they are short, pointed, but with age they increase markedly, which generally coincides
with the time of maturation. This has been noted before [Bal¢iauskiené¢ et al. 2015]. It is known that
the role of the VNO is especially important during maturation, and later it is lost [Meredith 1986].
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Discussion

The incisive foramina are morphological structures that actually represent a duct to the vomer-
onasal organ (VNO). Among their key functions is their role in chemical sensation and communica-
tion, in particular in the perception of pheromones and the formation of mating behaviour [Wysocki
& Lepri 1991]. In particular, as shown in experiments with mice, male VNOSs detect the pheromone
of the female primer, which subsequently causes the release of testosterone [Wysocki et al. 1983].
Obviously, such features should affect not only the interaction of sexes, but also the relationship of
related species, ensuring the protection of populations from unjustified reproductive efforts.

Based on the role of VNOs in chemical communication and differences in the morphology of
incisive foramina in close species, we can assume the important role of these structures in semiotics,
that is, in the ‘friend-foe’ recognition system. Such system is a safeguard against interspecific hy-
bridization [Kuhl 2016]. Obviously, the differences in functions and ways of its implementation are

determined by differences in the size, shape, and position of incisive foramina.

Thus, incisive foramina are an informative system of features when comparing species, and
most pairs of close species show differences in the size, position, and shape of these structures.
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