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Abstract

Sexual dimorphism is a widespread phenomenon among mammals, including carnivorans. While sexual dimorphism in
golden jackals (Canis aureus) has been analysed in the past, in the related and apparently convergent canid, the African wolf
(Canis lupaster), it is poorly studied and showed to be relatively small. Previously, sexual size dimorphism (SSD) research
in these species was mostly based on skull and body measurements. In our study, we also included dental measurements,
namely the diameter of the canine. We used 11 measured sections of 104 adult specimens, comprising 61 golden jackal and
43 African wolf skulls. Data analyses were carried out through logistic regression and conditional inference trees (CIT). To
compare the results of SSD to other species, sexual dimorphism indices (SDI) were calculated. Golden jackals and African
wolves show significant sexual size dimorphism, both in cranial and dental size. The logistic regression revealed that the
mesiodistal diameter of the upper canine is most effective in discerning the sexes. The difference in the calculated SDI of
the canine diameter between the sexes amounted to 8.71 in golden jackals and 14.11 in African wolves, respectively—with
regional diversity. Thus, the canine diameter is an important measure to investigate SSD as well as an easy tool to apply in

the field.
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Introduction

The golden jackal (Canis aureus Linnaeus, 1758) and the
African wolf (Canis lupaster Hemprich and Ehrenberg,
1832) are medium-sized canid species living in monogamy
(Jhala and Moehlman 2004). Despite the genetic distance
(Gopalakrishnan et al. 2018), and probably as a result of
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convergent evolution (Koepfli et al. 2015; Viranta et al.
2017), the two species show a phenotypic similarity, and
therefore have previously been considered as one species
(Jhala and Moehlman 2004; Rueness et al. 2011). Despite
their similarity, the African wolf is shown to be a cryptic
species more closely related to the grey wolf (Canis lupus)
than to the golden jackal (Spassov 1989; Koepfli et al. 2015;
Viranta et al. 2017). Consequently, the African wolf was
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firstly assessed for the IUCN Red List of threatened species
as a separate species in 2019, with a decreasing population
trend (Hoffmann and Atickem 2019).

Sexual size dimorphism (SSD) is common among mam-
malian carnivores and is manifested in body size and corre-
sponding measurements. SSD in canid craniodental dimen-
sions, with males being usually larger than females, has been
shown in several taxa including red foxes (Vulpes vulpes)
(Szuma 2000, 2008; Joji¢ et al. 2017), coyotes (Canis
latrans) (Kennedy et al. 2003) and grey wolves (Milenkovic
et al. 2010). The degree of sexual dimorphism in red foxes
varies geographically, reaching from 3% in Israel, up to
5-7% in Wales (Szuma 2008). SSD in coyotes ranges from
4 to 6%, but no geographic variation in dimorphism was
documented across Central and Eastern United States (Ken-
nedy et al. 2003). Few studies have reported SSD in Afri-
can wolves. For Egyptian specimen of African wolves, male
and female dimensions appeared to be different (Osborn and
Helmy 1980; Younes and Fouad 2016). The skulls of males
are relatively wider, and females tended to have a shorter
snout (Younes and Fouad 2016). Van Valkenburgh and
Wayne (1994) found SSD in the mediolateral dimension of
the upper canine in both the golden jackal and the African
wolf, where the average difference was 4% (in a range of
0-13%). However, most of their studied populations did not
differ significantly in the canine diameter and skull length
(Van Valkenburgh and Wayne 1994). In golden jackals,
the overall dimorphism of skull size has been shown to be
generally low and less pronounced compared to other canid
species (Stoyanov 2012, 2020; Porobi¢ et al. 2016; Markov
et al. 2017; Raichev et al. 2017). Multivariate analysis of
skull size and shape failed to identify differences between
males and females (Stoyanov 2019).

Although dimorphism is highest in solitary carnivorous
species (Law 2019), all canids show some degree of SSD
(Bidau and Martinez 2016)—and the degree correlates well
with the breeding system. Generally, canids with faculta-
tive monogamy and male provision have a decreased degree
of the SSD, while multiple female systems show increased
SSD. In both, the African wolf and the golden jackal, males
and females live in monogamy and both sexes participate in
bringing up the pups (Moehlman and Hayssen 2018), with
the degree of the SSD being moderate. In the study of Git-
tleman and Van Valkenburgh (1997), the greatest degree of
dimorphism in the craniodental features was found in the
upper canines, which was also found to correlate with the
breeding system. Furthermore, the role of the carnivore
canines is more in display than actual fights (Plavcan and
Ruff 2008). Usually, they are used in antagonistic male-male
situations, which are more common in systems where males
frequently compete for mates—therefore, not in golden jack-
als or African wolves. Moreover, because canids use olfac-
tion in addition to visual cues in communication, the canines
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and their size may be of less significance for the interactions
of canid males than in males of other carnivores (Gittleman
and Van Valkenburgh 1997).

Because of previous unclear differentiation between
sexes, we investigated cranial and dental variables of golden
jackals and African wolves to test if these canids show SSD
in specific measurements. We hypothesise that there is SSD
in craniodental measurements (especially concerning the
canine) in both species (therefore indicating convergence
in aspects of their evolution) with males being larger than
females.

Materials and methods
Craniometry

We aged all skulls according to tooth wear of the upper
incisors and first upper molars (Harris 1978; Raychev
et al. 1999; Roulichové and Andéra 2007). Age estimations
obtained by this method were also supported by examination
of the occlusion of cranial sutures (Harris 1978; Raychev
et al. 1999) and fissures in canine teeth (Roulichova and
Andéra 2007). In addition, we performed dental cementum
analyses on non-museum specimens, wherever it was pos-
sible (Samweber et al. 2018; Krendl 2019).

For this study, we took measurements on 60 adult speci-
mens and included 44 from Viranta et al. (2017). The com-
bined dataset comprised 61 golden jackal (47 skulls from
Europe and 14 from the Middle East and Asia) and 43
African wolf skulls (Table 1). The sample consisted of 38
females and 66 males. Measurements were taken with a cali-
brated digital sliding calliper (Mitutoyo Digital Calliper and
Tera ® Digital Calliper) to the nearest 0.01 mm.

We chose 11 measurements based on previous studies
(Table 2 and Fig. 1)—including five dorsal and four ventral
skull measurements, as well as two mandible measurements.

Table 1 Sample sizes of female and male golden jackal (Canis
aureus) and African wolf (Canis lupaster) skulls from different
regions

Species Region or country Sample size Female/male
Canis aureus ~ Western Europe 7 2/5

Canis aureus  Hungary 19 7/12

Canis aureus ~ Bulgaria 21 5/16

Canis aureus ~ Middle East 9 3/6

Canis aureus ~ Asia 5 3/2

Canis lupaster North Africa 20 8/12

Canis lupaster East Africa 15 5/10

Canis lupaster Central- and West- 8 5/3

Africa
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Table 2 Listed measurements, which were included in the analyses are shown in Fig. 1

Dorsal Ventral

Mandible

1. dorsal total length (DTL)*®
2. zygomatic breadth (ZB)**°
3. postorbital breadth (PB)*P
4. ectorbital breadth (EB)*

5. interorbital breadth (IB)*®

7. condylobasal length (CBL)*"
8. palatal length (PL)*

6. rostral breadth over canines (RB)¢

10. mandibular length (infradentale to condylar process)
(ML)
11. coronoid height of mandible (MH)*

9. mesiodistal diameter of upper canine tooth (C)!

*Measured at maximum breadth

2yon den Driesch (1976), ®Markov et al. (2017), “Krystufek and Tvrtkovic (1990), dVan Valkenburgh and Wayne (1994)

Fig. 1 Graphical representation of skull measurements taken on
golden jackal and African wolf skulls (illustration by Jasmin Barl),
listed and explained in Table 2

These were chosen to represent and describe the cranioden-
tal features of the skulls.

Statistical analyses

Basic statistical parameters to summarise all measure-
ments for both species and different sexes were calcu-
lated with the help of R (R Core Team 2017) in RStu-
dio Version 1.1.442 (RStudio Team 2016) and displayed
with IBM ® SPSS24 (boxplot in Online Resource 1 in

$7.92 >7.92
N
Node 2 (n = 45) Node 3 (n = 59)
1 14
0.8 1 0.8 -
0.6
0.4 4
0.2 +
female male female male

Fig.2 Conditional inference tree (CIT) visualising the distinction
of adult male (light grey) and female (dark grey) golden jackals and
African wolves (n=104). The graph displays C as the most important
factor (p <0.001)

Supplementary Information (SI) Fig. 1, 2). The detailed
sample size, missing values, mean and median, standard
deviation, and the minimum and maximum of each meas-
ured parameter were determined.

Logistic regression and conditional inference trees

To investigate the ranked relevance of the different mor-
phological measures for SSD, a binary logistic regression
was performed with IBM © SPSS 24. We used a forward
model selection routine, which ranks the different measures
according to their effectiveness. The model was calibrated
with a random test set size of 15% of the sample. A con-
ditional inference tree (CIT) was constructed and a Welch
test for the factor “sex” was performed using RStudio Ver-
sion 1.1.442 (RStudio Team 2016). The CIT was performed
and visualised employing the R package “party” ver. 1.3-1
(Hothorn et al. 2006). With the CIT, the importance of
variables was evaluated, and critical thresholds for neces-
sary measurements were obtained (Miiller et al. 2009; Polo
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Aparisi et al. 2018). Skulls of shot specimens or road-killed
golden jackals sometimes show damages or missing teeth;
deformations can also occur during the boiling or drying
process, preventing some of the skull measuring. As a result,
full data series were not available in all cases and the sample
size differed between the logistic regression (n=381) and the
CIT (n=104).

Sexual dimorphism index (SDI)

The Welch test was applied for each species to test if the
means for the calculation of the SSD ratios are significantly
different. An advantage of calculating ratios is the informa-
tion about the extent of SSD between different populations
of the same species or among different species (Lovich and
Gibbons 1992). A quantitative comparison of intraspecific
and interspecific dimorphism (Lovich and Gibbons 1992)
allows us to contrast the results with other research, which
is why we included the sexual dimorphism index (SDI).
According to previous studies on dimorphism in canids
(Szuma 2008; Raichev et al. 2017), the SDI was calculated

as follows: SDI = i(% - ) X 100 [M; =the larger value;
S

Mg =the smaller value] (Smith 1999). Accordingly, we cal-
culated the SDI for both species and consequently compared
it to other canids’ SDI.

Results

The basic descriptive statistics for the examined cranio-
metrical measurements of all skulls for each sex and spe-
cies show that male and female skulls display a broad range
of values (Table 3, and in SI Fig. 1). In the African wolf
sample, the male/female (+ Standard deviation, SD) meas-
urements vary from 135/133.2 mm to 194.96/170.7 mm
(DTL, with the highest standard deviation of all measure-
ments for the male specimen: +15.99 mm and +8.61 mm
for females), 128/121.60 mm to 181.45/160.25 mm (CBL;
with the second highest standard deviation of + 15.43 mm
for males and 8.73 mm for females), 34.6/36.70 mm
to 50.2/45.80 mm (EB; SD +4.05/+2.64 mm),
22.3/24.50 mm to 35.53/30.80 mm (IB;
SD +3.08/+1.95 mm), 22.40/24.40 mm to 35.11/28.00 mm
(RB; SD+2.81/+1.16 mm), 64.8/66.80 mm to
94.62/81.94 mm (PL; SD +7.97/+4.04 mm), 98/97.1 mm
to 141.23/123.52 mm (ML; SD +12.08/+7.16 mm).
The measurements of golden jackal male/female speci-
men varied from 140.60/135 mm to 173.34/169.24 mm
(DTL; SD+8.54/+11.06 mm), 129.1/131.0 mm to
166.39/159.27 mm (CBL; SD +9.35/8.28), 37.68/36.30 mm
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to 48.76/45.24 mm (EB; SD +2.66/2.64), 22.90/23.70 mm
10 29.29/29.14 mm (IB; SD +1.73/1.68), 22.56/22.60 mm to
31.24/30.51 mm (RB; SD+1.44/+1.75), 68.10/68.80 mm
to 84.78/80.21 mm (PL; SD +3.93/3.75), 99.10/101.90 mm
to 133.51/126.16 mm (ML; SD +8.01/8.30).

Sexual size dimorphism (SSD)

The forward procedure of the logistic regression ranked the
measure C to be the most effective in describing SSD. As
the second most important measure, zygomatic breadth (ZB)
was selected. Nagelkerke’s R* was calculated to 40.60%. The
classification resulted in 78.30% of correctly predicted val-
ues in the calibration set and 91.70% in the test set (results
can be found in SI Tables 1-3 sample overview boxplot of
measurement C in SI Fig. 1).

The Welch test revealed significant differences in
canine values between male and female skulls (p <0.001,
df="77.80, MD =0.86).

The only, and most significant primary split in the
CIT, for the whole dataset, was C. The overall CIT model
showed that 78.94% of the females had a C lower or equal
to 7.92 mm. Similarly, 77.27% (calculated on the basis of
the CIT) of the males in the sample had a C greater than
7.92 mm (Fig. 2).

Sexual dimorphism index (SDI)

The highest values of SSD were shown in the measurement
of the mesiodistal diameter of upper canine tooth (C) and
the coronoid height of mandible in both species (Table 4).
Golden jackals show a higher SDI in several measurements
and a higher mean sexual dimorphism index (MDI—the
grand mean of all intraspecific ratios of male over female
values), whereas African wolves display a specifically high
dimorphism only in C (but high variation throughout the
origin regions; see Table 5) and a low overall MDI (3.95,
SD +3.99).

The mean C value of golden jackal adult females (n =20)
amounted to 7.81 mm, and male golden jackals showed a
higher mean value of C amounting to 8.49 mm (n=39)
(df=32.8, p<0.01) (Fig. 3). Therefore, males had an 8.71%
greater canine diameter than females (SDI=8.71). Female
African wolves showed a mean C value of 7.37 mm (n=18)
and males of 8.41 mm (n=27) (df=41.8, p<0.01), and thus,
African wolf males had 14.11% greater canine diameter than
females (SDI=14.11) (Table 4; detailed regional discrimi-
nation of ratios is shown in Table 5).
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Table 3 Summarized data of all 11 craniometrical parameters for all golden jackal (Canis aureus) and African wolf (Canis lupaster) skulls

(n=104) for males (m) and females (f)

Species/sex DTL 7B PB EB 1B RB CBL PL C ML MH
Sample size  C. lupasterm 25 23 26 26 26 27 25 26 27 22 23
C. aureus m 36 33 35 37 37 37 36 36 39 36 36
C. lupaster f 18 17 17 17 17 18 18 18 18 18 18
C. aureus f 19 19 17 16 17 20 19 20 20 18 19
Missing C. lupasterm 2 4 1 1 1 0 2 1 0 5 4
C. aureus m 3 6 4 2 2 2 3 3 0 3 3
C. lupaster f 0 1 1 1 1 0 0 0 0 0 0
C. aureus f 1 1 3 4 3 0 1 0 0 2 1
Mean C. lupasterm  158.84  87.36 3134 4145 28.79 2734 148.06 7732 841 114.64 45.36
C. aureus m 163.13  89.79 28.25 43.18 2641 29.48 153.82 78.02 8.49 12098  48.60
C. lupaster t 152.52  84.73 31.73  41.34 2847 26.18 14148 7529 7.37 110.27 42.73
C. aureus f 154.53  85.72 2832 4099 2577 27.63 14930 7530 7.81 11497  44.69
Median C. lupasterm  156.60  86.50 32.38 4093 2848 2740 144.00 76.45 8.33 112.55 44.74
C. aureus m 164.67  90.07 28.30 42.74 26,50 29.51 15577 7893 8.54 122.67 48.99
C. lupaster f 150.44  84.85 31.76  41.59 2830 26.40 14175 7450 7.31 109.31  42.62
C. aureus f 15597  85.57 28.50 4097 2552 27.54 15034  75.11  7.79 116.07  44.50
SD C. lupasterm  15.99 7.04 3.14 4.05 3.08 2.81 15.43 7.97 0.92 12.08 5.32
C. aureus m 8.54 3.17 2.55 2.66 1.73 1.44 9.35 3.93 0.55 8.01 2.55
C. lupaster f 8.61 4.20 2.46 2.64 1.95 1.16 8.73 4.04 0.72 7.16 3.18
C. aureus f 11.06 3.00 3.47 2.64 1.68 1.75 8.28 3.75 0.65 8.30 3.57
Min C. lupasterm  135.00  78.00 2431 34.60 2230 2240 128.00 64.80 7.12 98.00 38.20
C. aureus m 140.60  77.45 23.53  37.68 2290 2256 129.10 68.10 7.10 99.10 37.74
C. lupaster f 13320 75.12 2740 36.70 2450 24.40 121.60 66.80 6.20 97.10 38.20
C. aureus f 135.00 80.86 19.97 36.30 23.70 22.60 131.00 68.80 6.80 101.90 38.40
Max C. lupasterm  194.62  104.09 36.90 5020 3553 35.11 181.45 94.62 1042 141.23  59.51
C. aureus m 173.34  95.80 3490 48.76 2929 31.24 166.39  84.78  9.63 133.51 51.88
C. lupaster f 170.60  89.80 3580 45.80 30.80 28.00 160.25 81.94 9.40 123.52  49.10
C. aureus f 169.24  90.10 33.84 4524 29.14 30.51 159.27  80.21  9.50 126.16  49.62
p value C. lupaster 0.104 0.149 0.653 0919 0.673 0.065 0.084 0.276  <0.001 0.165 0.058
C. aureus 0.006 <0.001 0937 0.010 0205 <0.001 0.073 0.014 <0.001 0.016 <0.001

DTL dorsal total length, ZB zygomatic breadth, PB postorbital breadth, EB ectorbital breadth, /B interorbital breadth, RB rostral breadth over
canines, CBL condylobasal length, PL palatal length, C mesiodistal diameter of upper canine tooth, ML mandibular length (infradentale to con-
dylar process), MH coronoid height of mandible; the statistical significance (p value; significance shown in bold) of the differences between the
measurements of males and females of each species, calculated by the Welch test

Table 4 Sexual Dimorphism Index (SDI) for all measurements (description of measurements in Table 2) of both species, and the mean dimor-
phism index (MDI) (+ standard deviation—SD) as the grand mean of all intraspecific ratios of the male over female values

Species DTL 7B PB EB 1B RB CBL PL C ML MH MDI (+SD)
C. aureus 5.57 4.75 -0.25 5.34 2.48 6.70 3.03 3.61 8.71 5.23 8.75 4.90 (£2.66)
C. lupaster 4.14 3.10 -1.23 0.27 1.12 443 4.65 2.70 14.11 3.96 6.15 3.95 (£3.99)

A negative sign is used when the female trait is larger

Discussion

Our study demonstrates that both the golden jackal and

African wolf specimens show significant differences
between adult male and female craniodental dimensions,
confirming our hypothesis, that there is SSD in both spe-
cies. The best measurements (for all regions combined) to
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Table 5 Sexual dimorphism index (SDI) for all measurements (expla-
nation in main Table 2) of both species with a more detailed discrimi-
nation in regions, and the mean dimorphism index (MDI) (« Stand-

ard deviation, SD) as the grand mean of all intraspecific ratios of the
male over female values

Species Region DTL 7B PB EB 1B RB CBL PL C ML MH MDI
C. aureus  Asia 1.16  2.74 7.26 552 —147 1206 =779 -3.45 7.64 —0.35 482 256
Near East 7.38 1297 098 16.69 943  9.69 0.62 0.14 -3.59 9.25 1998 17.59
Europe (summary) 6.09 515 -495 126 —-136 7.56 3.72 4.18 8.79 5.79 10.04 4.21
C. lupaster Eastern Africa —0.01 1.56 -0.89 -2.30 0.62 042 0.62 0.05 7.94 198 559 142
Northern Africa 8.84 691 0.74 4.48 745  8.32 8.73 6.01 12.66 6.72 10.81 7.42
Western/Central Africa 356 344 -0.51 -0.64 -020 6.26 4.71 476  22.02 4.61 2.19 4.56
A negative sign is used when the female trait is larger
Fig.3 Boxplot for the measure-
ment C of females and males in o
golden jackals (Canis aureus)
and African wolves (Canis 1 O b
lupaster) (cf. SI Table 4) ©
) ® o
9 -
e,0
O s
8 1 C)
Q
A
7 A ° 0
o
6 L ] L L]
C.lupaster (m) C.aureus (m) C.lupaster (f) C.aureus (f)

discriminate between sexes are the mesiodistal diameter
of the upper canine tooth (C) and the zygomatic breadth
(ZB). Males show a larger canine diameter than females,
both in golden jackals and in African wolves. With our
findings, we can confirm the previously suggested sex-
ual dimorphism in golden jackals (Stoyanov 2012, 2019;
Porobic et al. 2016) and African wolves (Van Valkenburgh
and Wayne 1994; Berte 2017).

The SDI reveals that the body size dimorphism (in our
study basically represented through the measure DTL—the
skull length) is lower than specific measures like the canine
size, suggesting an allometric change (most likely positive,
but details of allometry still need to be assessed with fur-
ther data). The SDI for C in our study was 8.71 for golden
jackals and 14.11 for African wolves, being higher than in
foxes (6, in Szuma 2008), and than previously found by Van
Valkenburgh and Wayne (1994) for African wolves—where
it ranged from 5 to 8. SDI of the canine in golden jackals
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(from the Middle East, Pakistan, and India) ranged from 6
to 13 (Van Valkenburgh and Wayne 1994) positioning our
results well in this range.

The difference within the African wolf samples (as shown
in the SI Fig. 1 and SI Table 9) could partly be influenced by
the presence of more than one species affiliation, that is not
yet fully resolved (Krystufek and Tvrtkovic 1990; Viranta
et al. 2017; Alvares et al. 2019), as suggested by the high
variation within the sample. Indeed, recent studies based on
geometric morphometric analyses suggest that the African
wolf consists of two or three morphotypes that may pre-
sent independent lineages, although this is not supported by
genetic evidence (Machado and Teta 2020). The morpho-
types may also differ in their ecology and social structure
(Gaubert et al. 2012), what could influence the degree of
sexual dimorphism.

Canids use their upper canines in prey capture and lac-
eration, but they are less significant in mastication and the
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canids have weaker canines than other large carnivorous
carnivorans (Van Valkenburgh and Ruff 1987; Christiansen
and Adolfssen 2005). However, a few studies provide evi-
dence that canid canines and SSD may be driven by ecologi-
cal competition, and thus play an important role in feeding.
Dayan et al. (1992) found character displacement in the
canine diameters of five canid species in Israel and Egypt,
suggesting that their size might be an adaptation to the pre-
ferred prey. The SSD was higher in the canine diameter—
with as high as 12% in golden jackals from Israel—than in
skull length or carnassial length in all species of their study
(Dayan et al. 1992). Similarly, in our study, the skull length
dimorphism of golden jackals and African wolves was rela-
tively small, represented through the SDI of 5.56 and 4.14,
respectively. While the degree of the canine SSD might
show intraspecific variation in response to ecological com-
petition within the guild, studies have found no evidence for
correlation of the degree of SSD and intraguild competition
in canids (Kennedy et al. 2003; Meiri et al. 2005). This indi-
cates that the canine size, not the body size, may accommo-
date resource partitioning. While resource partitioning might
not be a main mechanism causing sexual dimorphism (Ken-
nedy et al. 2003), still, results from golden jackal stomach
analyses showed nutritional differences between the sexes.
Compared with males, females consumed 9.8% more plants
(Lanszki et al. 2018), supporting the idea that this mecha-
nism as additional driving force for sexual dimorphism.

Dimorphism in the canines has furthermore been associ-
ated with sexual selection (e.g., Randau et al. 2013). How-
ever, in the monogamous species, such as the golden jackal
and African wolf, it is expected to be very low (Gittleman
and Van Valkenburgh 1997). Our knowledge on the breeding
ecology of these canids is insufficient, as there may even be
geographic variation in the degree of monogamy, affecting
the degree of dimorphism. This could explain the differ-
ences we found in the SDI for C between golden jackal and
African wolf of different regions.

In an extensive study covering red fox populations
throughout the Holarctic, Szuma (2008) found interpopula-
tion variation in sexual dimorphism for all the tooth meas-
urements (this largescale assessment remains to be done for
golden jackals and African wolf). The largest geographic
variation in the degree of SSD in foxes was found in the
m3, a rudimentary molar that may not develop at all. The
second largest geographic variation was found in the lower
canine followed by the upper canine (as well shown in our
study). This observed variation of the canines between popu-
lations has been explained by the simpler morphology (as
compared to the rest of the dentition) and small size (Szuma
2000). Furthermore, the role of hormones in canine develop-
ment and the variation in sexual dimorphism has also been
speculated about (Lorber et al. 1979), although the role
of sex hormones in dental development is not clear (e.g.,

Guatelli-Steinberg et al. 2008). As a likely result, in general
the canine may be a good indicator of selection caused by
competition—a result that yet needs to be assessed for these
canids.

In conclusion, our study provides additional data that
the robustness of the upper canine may be one of the most
dimorphic dental (and cranial) character in canid popula-
tions. Furthermore, the implications of our study are two-
fold: the result of the CIT presents an interesting thresh-
old—only one measure (the upper canine)—that can be
very useful from a field research perspective. The obtained
values are easy to apply for a quick first assessment of sex
in both species. Second, the arrival of expanding species
(as new competitors) may cause changes in dimorphism of
already present species. Kauhala and Viranta (2011) showed
decreased dimorphism in the Finnish red fox after the arrival
of the raccoon dog, affecting mainly the carnassial grind-
ing area. Hence, comparative studies on canids that will be
sharing their habitats with another competitor in Europe in
the near future—namely the golden jackal, which is rapidly
expanding its range into new areas—will be of importance
and scientific interest to observe potential changes in dimor-
phism within the carnivore guilds.
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