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JINCUIII 3BBUYAVHOI (VULPES VULPES L.) HA 3AKAPIIATTI

ABSTRACT

Purpose of the work. This study investigates sexual dimorphism in the red fox (Vulpes vulpes) population of
Zakarpattia based on the analysis of 75 skulls from the Zoological Museum of Uzhhorod National University. To address
existing gaps in knowledge, 26 cranial measurements were evaluated with consideration of both age and sex. This
approach enabled the assessment of growth dynamics, the characterization of morphological variation, and the
identification of key features of sexual dimorphism within the population. The results provide baseline data for future
studies and contribute to a broader understanding of intraspecific variation across the species’ range.

Methodology. Craniometric traits were analyzed across different sexes and age groups. Statistical analyses were
conducted using SPSS, PAST, and MS Excel. Both univariate and multivariate analyses of variance (ANOVA) were applied,
revealing significant differences between sexes and among age groups. Additionally, Principal Component Analysis (PCA)
was performed to identify the measurements contributing most to overall variation.

Scientific novelty. The study provides essential morphometric baseline data for red foxes in a poorly studied
region and improves understanding of intraspecific variability. The findings emphasize the combined influence of growth
patterns, sexual selection, and ecological factors in shaping cranial sexual dimorphism.

Conclusions. Cranial growth was most pronounced up to 5-6 months of age, followed by a slowdown and
occasional negative increments. The results suggest that sexual dimorphism in this population is primarily shaped by
sexual selection and male-male competition, with larger males potentially having a reproductive advantage. At the same
time, environmental constraints, particularly food availability, may limit excessive body size, leading to an optimal size
range shared by both sexes. Size-related niche differentiation may further reduce intraspecific competition.
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AHOTALIA

MeTa po6GoTH. Y 1bOMYy JOCHi/»KeHHI mpoaHasi3oBaHO cTaTeBUM AuMopdisM momyssuii jucuni 3BU4yaiHOI
(Vulpes vulpes) Ha 3akapnaTTi Ha OCHOBi BUBYeHHs 75 uepeliB i3 Kosiekwii 300/0TiYHOr0 My3ew Y>KropoJCbKOro
HalliloHaJIbHOTO YyHiBepcUTeTy. 3 MeTOl0 J[eTa/bHIloro BUBYEHHs OyJI0 NpoaHasli30BaHO 26 KpaHiOMETPUYHHUX
NOKAa3HUKIB 3 ypaxyBaHHSIM BiKy Ta cTaTi. Takull miaxif AaB 3MOry OLiHHUTH JUHAMIiKy POCTY, OXapaKTepu3yBaTH
MopdoJioriuHy MiHJMBICTH Ta BU3HAYUTU KJIOYOBI 03HAKU cTaTeBOro AuMop¢isMy B Mexax nonyJ snii. OTpumani
pe3ysbTaTH GOPMYyIOTh 6a3y JaHUX JJs NOJAJbIIUX AOCTIKEeHb | CHPUATL KpalloMy PO3yMiHHIO BHYTPIlIHbO-
BU/I0BOI MIHJIMBOCTI B Me»ax apeasy BUJY.

MeTtopoorisa. KpaHioMeTpuyHI IOKa3HUKM aHajli3yBajucsd 3 ypaxyBaHHfAM CTaTi Ta BIKOBUX TIpYIL
CTaTUCTUYHUN aHasi3 BUKOHaHO i3 3actocyBaHHsAM mnporpaMm SPSS, PAST Ta MS Excel. Byso BukopucraHo sk
onHOobaKTOpPHUM, Tak 1 OGaraTodakTopHUN [ucnepciiHuil aHasiz (ANOVA), umo BUSIBUB CTATUCTHYHO 3HAYyLli
BiIMiHHOCTI MiX CcTaTAMH Ta BiKOBUMH rpynamu. /loJaTKOBO MPOBEJEHO aHaJi3 roJoBHUX KoMnoHeHT (PCA) pns
BU3HA4YeHHs MOKA3HUKIB, IKi pO6JISITh HAKUOIIBIINKI BHECOK Y 3arajibHY Bapialiito.

HaykoBa HoBu3Ha. [lociimpkeHHs1 HaZjae 6a30Bi MopdpoMeTpuyHi AaHi A1 JMcUIi 3BUYalHOI B HEIOCTaTHBO
BUBYEHOMY PETioHi Ta NOTJIKN6JII0€ PO3YMiHHS BHYTPILIHBOBU/[0BOT MiHIMBOCTI. OTpHMMaHi pe3y/IbTaTH MiAKPECTI0I0Th
MOE/IHAHWH BIIMB JMHAMIKH POCTY, CTAaTEBOro J060pYy Ta €KOJIOTIYHUX YMHHHUKIB Ha pOpMyBaHHs KpaHiaJbHOIO
cTaTeBOro AUMOpdizmy.

BucHoBkM. HalliHTeHCHBHIIIMN picT KpaHiaJbHUX O3HAK CIIOCTepiraBcs o 5-6 MicAniB, micjs 4oro BiA3Ha-
Yyasiocs MOro ymoBiJIbHEHHS Ta NMOOJAWHOKI BUIAQJAKU HeraTUBHOro npupocTy. OTpuMaHi pe3y/abTaTH CBif4aTh, 10
cTaTeBUM AUMOpPGi3M y JoCaipKyBaHiH nonyssLii 3yMoOBJIeHUH HacaMIepe/, CTaTEBUM Z,060pOM i KOHKYPEHIi€0 Mix
CaMISIMH, TPU LbOMY OisblIi caMIji MOXYyTh MaTH PENpOAYKTHUBHY NepeBary. BopHoyac exosioridyHi oOMexeHHs,
30KpeMa JIOCTYMHICTh KOPMOBHUX PeCypcCiB, MOXYTb CTPUMYBAaTH HaAMipHe 36i/blIeHHS PO3MIipiB Tija, CHpUAIOYU
$bOpMyBaHHIO ONTHMAJBHOTO PO3Mipy, CHiJIBHOTO [Jisi 000X cTaTel. Posmoxin ekosiorivyHoi Himi, moB’sisaHuy i3
PO3MipHUMH BiMIHHOCTSIMH, MOXe J0OAATKOBO 3MEeHIIYBaTH BHYTPIIIHbOBU/I0BY KOHKYpPEHILiIO.

KirouoBi ciioBa: Vulpes vulpes, kpanioMeTpis, ctaTeBUi AuMop¢i3M, 3aKOHOMIPHOCTI pocTy, 3akapnaTTs
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Introduction

The red fox is highly adaptable and can
thrive in a wide variety of habitats across almost
all continents (Heltay, 1989). This broad distribu-
tion has led to the development of around 44
subspecies (Lariviere & Pasitschniak-Arts, 1996).

Studies of red fox populations from
different parts of the world have produced
varied results. In the Czech Republic, significant
sexual differences were found in five of the 21
craniometric traits examined (Brudnicki et al.,
2009). In Hungary, such differences appeared
mainly among sexually mature individuals,
while they were less pronounced in younger
animals; nevertheless, female skulls still
differed markedly from those of males (Csanyi
et al., 2023). Clear sexual dimorphism has also
been documented in populations from North
America (Churcher, 1960), Australia (Forbes-
Harper et al, 2017), the Czech Republic
(Hartova-Nentvichova et al.,, 2010), Slovakia,
Romania, and Ukraine (Hell et al., 1989).

Age in foxes is usually estimated using
cranial suture ossification or dental characteris-
tics (Churcher, 1960; Heltay, 1989). However,
data on the red fox in Transcarpathia remain
scarce. According to Korchynskyi et al. (1993),
between 1946 and 1992, only 10.5% of all
published studies on the Carpathian region'’s
mammalian fauna focused on this group,
highlighting the need for more comprehensive
research.

With the aim of filling this knowledge gap,
we examined 26 cranial measurements, taking
into account both age and sex. This allowed us
to investigate growth patterns, explore morpho-
logical variation, and identify the main features
of sexual dimorphism within the population.
Our study provides baseline data that can
support future research on the red fox in this
understudied region and contribute to a better
understanding of intraspecific variation across
its range.

Materials and Methods

In recent study we measured 75 skulls of
red foxes from the scientific collections of the
UzhNU Zoological Museum, including 14 skulls
each from males and females in all age groups,
except for 24-month-old females, of which only
five were measured. Fox skulls included in the
study were collected from 1951 to 1976 in
Transcarpathia. To assess sexual variation,
skulls from all age groups were included. Age
determination was carried out based on the
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sagittal suture (Fig. 1). We were able to distin-
guish three age groups: 5-6 months, 11-12
months, and older than 24 months. Measure-
ments were taken using a caliper with an
accuracy of 0.1 mm.

For statistical analysis, we used the
software packages SPSS, PAST and MS Excel.
Data were analyzed using univariate analysis of
variance (Univariate ANOVA) and multivariate
analysis of variance (Multivariate ANOVA).
Since the dataset includes many craniometric
traits, we also performed a Principal Compo-
nent Analysis (PCA) which allows us to assess
which measurements explain the largest
proportion of the variation.

List of cranial measurements:

1. Total length: akrokranion - prosthion
(TL).

2. Basal length: basion - prosthion (BL).

3. Neurocranium length: basion - nasion
(NL).

4. Upper neurocranium length: akrok-
ranion - frontal midpoint (UNL).

5. Viscerocranial length: nasion - prost-
hion (VCL).

6. Facial
prosthion (FL).

7. Greatest length of the nasals: nasion -
rhinion (GLN).

8. Median palatal length: staphylion -
prosthion (MPL).

9. Length of the molar row (LMR).

10.Length of the premolar row (LPR).

11.Length of the carnassial, measured at
the cingulum (LC).

12. Greatest breadth of the carnassial (LBC).

13. Greatest mastoid breadth: otion - otion
(GMB).

14.Greatest breadth of the occipital
condyles (GBOC).

15. Height of the foramen magnum: basion -
opisthion (HFM).

16.Maximum width of neurocranium:
euryon - euryon (MWN).

17.Maximum zygomatic width: zygion -
zygion (MZW).

18.Least breadth of skull: breadth at the
postorbital constriction (LBS).

19.Frontal  breadth:
ectorbitale (FB).

20.Least breadth between the orbits:
entorbitale - entorbitale (FBO).

21.Greatest palatal breadth: measured
across the outer borders of the alveoli (GPB).

22.Least palatal breadth: measured
behind the canines (LPB).

length: frontal midpoint -

ectorbitale -
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23.Breadth at canine alveoli (BCA).

24.Skull height without the sagittal crest
(SHSC).

25. Skull height (SH).

26.Length of neurocranium: staphylion -
basion (LN).

Results and discussion

The growth of craniometric parameters is
most intensive up to 5-6 months, after which,
over the next six months, the mean of growth is

2.21 % for males and 3.70 % for females. After
the first year, the mean of growth amounts to
3.52% in males and 0.89 % in females. In
processing the data, we also observed negative
growth during this period. Postorbital breadth
exhibits a growth trend opposite to all other
traits (Fig. 2.). Hartova-Nentvichova (2010) arrived
at the same conclusion. The braincase area
posterior to the orbits is undeveloped in juve-
niles and progressively narrows with the growth
of the masticatory muscles (Ansorge, 1994).

2-3

5-6

11-12 =24 months

Fig. 1. Change of the sagittal suture during ontogeny (Heltay, 1989)

The Principal Component Analysis (Fig. 3)
indicates a moderate sexual dimorphism in skull
morphology. Males show a larger dispersion,
particularly along PC1, suggesting higher variance
in size-related traits. Females form a more com-
pact cluster. Despite the shift between group
centroids, considerable overlap remains between
the convex hulls, implying that individual
variation exceeds sex-based differentiation.
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Fig. 4 and 5 compare males and females,
highlighting measurements with high loadings
on PC1 - including total length, basal length,
nasal length, greatest mastoid breadth, greatest
breadth of the occipital condyles, and maximum
zygomatic width - which drive most of the
separation among individuals along this axis.

male N
female NN

male N
female NG

11-12 >24 months

Fig. 2. Comparison of the breadth at the postorbital constriction (LBS)
between sexes and across age groups
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PC 1 (48.61%)

Fig. 3. Distribution of males and females revealed by PCA
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Puc. 4. Comparison of cranial length measurements
with high PC1 loadings between sexes and across age groups
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Puc. 5. Comparison of cranial breadth measurements
with high PC1 loadings between sexes and across age groups
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Adult females are 0.11-2.54 % smaller
than adult males; however, in the case of the
least breadth between the orbits, females are
0.79% larger. Multivariate analysis of variance
(ANOVA) confirms these findings, showing
significant differences between the sexes
(F=2.20; p = 0.01) and among the age classes
(F= 2.24; p = 0.00). According to the tests of
between-subjects effects (univariate ANOVA),
there are significant differences between the
sexes in 12 measurements and among age
classes in 20.

Our results indicate significant sexual
dimorphism in multiple cranial traits. Females
and males differ significantly in total length
(TL), basal length (BL), viscerocranial length
(VCL), facial length (FL), nasal length (GLN), and
the dimensions of the dental rows (MPL, LMR,
LPR, LC, LBC). These differences suggest that
males generally possess larger viscerocranial
regions, as well as more robust dentition.
Functionally, this may reflect differences in bite
force, prey handling, or intraspecific compe-
tition, as larger male skulls can support stronger
jaw muscles and larger teeth. Age-related
differences were observed in nearly all cranial
regions, including total length, basal length,
neurocranial and viscerocranial lengths, facial
length, palatal length, and cranial breadths (TL,
BL, NL, UNL, VCL, FL, MPL, LMR, LPR, GMB,
GBOC, MZW, BCA, LN, etc). The most
pronounced changes occur in the first year of
life, indicating rapid growth in both the
neurocranial and viscerocranial regions. In
particular, facial length and palatal length
increase with age, likely reflecting both
masticatory development and adaptation to
feeding ecology. Cranial breadths and condylar
dimensions increase more gradually, consistent
with the development of jaw musculature and
overall skull robustness.

Overall, these results demonstrate that the
skull undergoes coordinated growth, with
certain regions (e.g, viscerocranium and
dentition) showing faster changes, while others
(e.g, neurocranial breadths) develop more
slowly.

®dinancyBanns / Funding

Sexual dimorphism in red foxes may result
from sexual selection and the need to reduce
competition between the sexes (Lynch, 1996).
Male competition is often expressed through
antagonistic behaviors, and larger males clearly
have an advantage over smaller ones, giving
them greater reproductive success (Abramov &
Puzachenko, 2005). However, being larger can
also be a handicap for males, especially in
monogamous species where food is limited
(Hartova-Nentvichova et al, 2010). In such
cases, selective forces tend to favor an optimal
body size that is similar for both males and
females. Sexual size differences in red foxes may
also lead to partial niche separation, helping to
reduce intraspecific competition for food.

Conclusions

The study highlights intraspecific variation
in red fox populations, including sex- and age-
related cranial differences, and provides baseline
morphometric data for further ecological and
morphological research in understudied regions
like Transcarpathia.

According to our results on fox skulls from
Transcarpathia, craniometric growth is most
intensive during the first 5-6 months, and
slowing after. Growth rates differ between sexes
in early age: females show relatively higher
growth (3.70 %) than males (2.21 %).

After the first year, male growth exceeds
female growth (3.52 % vs. 0.89 %), although
occasional negative growth was observed in
some parameters.

Postorbital breadth shows an inverse
growth trend compared to other cranial measu-
rements, reflecting the narrowing of the poste-
rior braincase associated with the development
of masticatory muscles.

Sex differences were significant in 12
measurements, age differences in 20.

Adult females were generally 0.11-2.54 %
smaller than males, except for the least postor-
bital breadth, where females were 0.79 % larger.

Size differences between sexes are likely
influenced by sexual selection and male-male
competition.
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