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1. Introduction
The baculum (os penis) is an extraskeletal bone located in 
the glans tissue at the distal end of the penis and is present in 
several mammalian species, including the order Carnivora 
(Patterson and Thaler, 1982; Abramov, 2002; Baryshnikov 
et al., 2003; Ferguson and Larivière, 2004; Ramm, 2007; 
Krawczyk and Malecha, 2009; Krawczyk et al., 2011; 
Vercillo and Ragni, 2011; Čanády and Onderková, 2016a, 
2016b). The morphological structure of the baculum is 
specific to the species. Therefore, it is used as a distinctive 
characteristic to distinguish between species (Baryshnikov 
et al., 2003; Schulte-Hostedde et al., 2011; Sharir et al., 
2011; Vercillo and Ragni, 2011). The baculum also varies 
between individuals of a species (Reinwaldt, 1961; Miller 
and Burton, 2001; Dyck et al., 2004; Malecha et al., 2009; 
Ramm et al., 2009). The functions of the baculum are to 
provide support during erection (Kelly, 2000), to protect 
the urethra (Baryshnikov et al., 2003), to stimulate the 
female reproductive tract during copulation (Krawczyk 
and Malecha, 2009), to ensure reproductive isolation 
between species, and to be an indicator of the male’s 
condition (Čanády and Čomor, 2013). 

Baculum variability of Martes foina has been 
researched in stone marten populations of the Czech 

Republic (Čanády and Onderková, 2016b) and Italy 
(Vercillo and Ragni, 2011). Stone marten is distributed in 
urban and rural residential areas of Turkey and uses barns, 
farms, wood storage, and attics of abandoned houses as its 
habitat (Özen and Gündüz, 2017). While hunting stone 
marten was previously permitted year-round, hunting is 
now only allowed in certain seasons. Stone marten has a 
wide distribution area in Turkey (Özen, 1999). However, 
there has been no study on morphological variability of 
the stone marten baculum in Turkey. The main goal of 
this study is to reveal numeric characteristics of baculum 
size in the Martes foina population of Turkey, analyze the 
relationships between the measured 11 characteristics of 
the bacula, and contribute to information about variability 
in morphology of the baculum of this species.

2. Materials and methods
Morphological analysis of the baculum was performed on 
39 male (17 juvenile, 22 adult) samples of Martes foina. 
The samples were obtained as dead within the scope of 
two projects carried out between 1995 and 2016 in all 
geographical regions of Turkey (Figure 1). 

The bacula were treated and cleaned according to 
standard procedures (Walton, 1968) and protected in 
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museum boxes. Body weights (g) and the standard somatic 
measurements of head–body length, hind foot length, tail 
length, and ear height (all in mm) of all samples were 
recorded on labels. The bacula were treated according to 
Walton (1968), then washed with water and dehydrated 
in the air, and stored in museum boxes. While weights of 
the bacula were measured with a digital scale with 0.01 
g precision, their lengths were measured with Vernier 
calipers with 0.02 mm precision. 

The samples were defined as juvenile and adult based on 
the shape of the sagittal crest and clarity of the lambdoidal 
crest of the skull (Albayrak et al., 2008), differences in 
teeth erosion (Buchalczyk and Ruprecht, 1977), weight 
of the baculum (Van Soest and VanBree, 1970; Grue and 
King, 1984; Elsasser and Parker, 2008; Vercillo and Ragni, 
2011), and length and shape of the baculum (Sumiński, 
1968; Walton, 1968). Since morphological characters of 
a species were represented by adult members, juvenile 
samples needed to be distinguished from adults. In the 
present study, the data of the juvenile samples were used 
only to reveal differences between the juveniles and 
adults. Data from the adults were used in other analyses. 
Measurements of the baculum included 11 characteristics 
including the weight (Figure 2).

All samples were evaluated according to Čanády 
(2013), Čanády and Čomor (2013, 2015), and Čanády and 
Onderková (2016a, 2016b).

The obtained datasets were evaluated following 
statistical parameters: sample size (n), minimum and 
maximum (min–max), mean (x̄), standard deviation 

(SD), and coefficient of variance (CV). All analyses were 
performed by using SPSS 24 (IBM Corp., Armonk, NY, 
USA). Normal distribution of the measurements was 
tested via Shapiro–Wilk W test (in all conditions, P > 
0.01). The relationships between baculum measurements 
were analyzed using Pearson’s coefficient of correlation 
(r). Morphometric variation of the bacula was examined 
with multivariate methods (principal component analysis 
[PCA]). 

3. Results
Adult samples had greater significance of bacula differences 
than juveniles (Table 1).

The CV is an indicator of the characteristic of variability 
(homogeneity) and was identified only for adult samples. 
CV values were greater for some characteristics of the 
bacula. This situation was confirmed by PCA factors as 
well and indicated a greater variation. The results showed 
that the most variable characteristics of the baculum were 
base height, axis–apex height, weight, and width of base; 
the least variable characteristics were total length, median 
height, median width, apex height, and apex width (Table 
2). 

Analyses confirmed that there was a strong correlation 
between some variables of the baculum (Table 3). 

The strongest correlations were between median 
height and baculum weight (r = 0.771, P < 0.01), weight 
and base length (r = 0.755, P < 0.01), median width and 
weight (r = 0.750, P < 0.01), weight and base width (r = 
0.645, P < 0.01), and median width and base length (r 

Figure 1. Localities where samples of Martes foina were obtained in Turkey (black numbers represent sample size, and white numbers 
show provinces: 1- Balıkesir, 2- Kütahya, 3- Manisa, 4- Aydın, 5- Denizli, 6- Burdur, 7- Antalya, 8- Konya, 9- Adana, 10- Hatay, 11- 
Adıyaman, 12- Malatya, 13- Bingöl, 14- Erzurum, 15- Bayburt).
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Figure 2. Measurements taken from the baculum of Martes foina: 1- total length 
(TL), 2- base length (BL), 3- base height (BH), 4- base width (BW), 5- axis–apex 
height (AAH), 6- apex height (AH), 7- slope length (SL), 8- apex width (AW), 9- 
median height (MH), 10- median width (MW) and weight (BP).

Table 1. A comparison of measured baculum traits between juvenile and adult individuals of Martes foina. Weight in grams, 
others in millimeters; n: number of sample, min–max: range margins, x̄ : mean, SD: standard deviation.

Measured traits
Juveniles Adults

t-test       P n Min–max        x̄ ± SD         n Min–max x̄ ± SD   

Weight (BP) 16 0.11–0.30 0.24 ± 0.05 22 0.38–0.67 0.53 ± 0.09 11.70  0.01
Total length (TL) 16 44.22–58.09 52.58 ± 3.54 22 56.98–66.06 60.87 ± 2.38 8.63 <0.01
Base length (BL) 16 2.45–5.27 4.18 ± 0.82 22 5.79–9.79 7.82 ± 0.97 12.16 <0.01
Base height (BH) 16 1.63–3.05 2.37 ± 0.40 22 2.48–5.50 4.26 ± 0.81 9.47 <0.01
Base width (BW) 16 1.72–3.89 2.60 ± 0.62 22 2.90–6.10 4.50 ± 0.74 8.36 <0.01
Axis–apex height (AAH) 17 6.50–14.07 11.06 ± 1.81 22 8.34–15.41 11.04 ± 1.87 –0.03 >0.01
Apex height (AH) 17 3.22–3.89 3.48 ± 0.20 22 3.28–4.65 3.84 ± 0.37 3.65 <0.01
Slope length (SL) 17 10.02–20.85 16.93 ± 2.55 22 12.87–20.31 16.76 ± 1.75 –0.24 >0.01
Apex width (AW) 17 0.86–1.30 1.06 ± 0.10      22 1.09–1.66 1.32 ± 0.13 6.34 <0.01
Median height (MW) 17 1.38–2.29 1.94 ± 0.21 22 2.16–2.95 2.59 ± 0.25 8.43 <0.01
Median width (MH) 17 1.59–2.62 2.16 ± 0.25 22 2.21–3.00 2.63 ± 0.21 6.26 <0.01

Table 2. Variation coefficient values (CVs)   of measured 
baculum traits in adult individuals of Martes foina.

Measured trait Adults

Weight (BP)   16.62
Total length (TL)   3.91
Base length (BL)   12.41
Base height (BH)   18.96
Base width (BW)   16.46
Axis–apex height (AAH)   16.91
Apex height (AH)   9.70
Slope length (SL)   10.45
Apex width (AW)   9.84
Median height (MW)   9.65
Median width (MH)   7.98             
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= 0.602, P < 0.01). In addition, a strong correlation was 
also determined between apex width and apex height (r = 
0.580, P < 0.01), median width and base width (r = 0.580, 
P < 0.01), slope length and axis–apex height (r = 0.549, P 
< 0.01), median height and median width (r = 0.536, P < 
0.05), and base width and base height (r = 0.463, P < 0.05) 
(sample size was 22 for all). 

According to PCA results, two principal components 
(PC1 and PC2) accounted for 54.67% of the variance 
(Table 4; Figure 3).

The first principal component (PC1) accounted for 
37.45% of the total variance and showed a high correlation 
primarily with baculum weight (BP, r = 0.903, R2 = 0.815), 
base length (BL, r = 0.814, R2 = 0.662), base width (BW, 
r = 0.784, R2 = 0.614), median width (MW, r = 0.768, R2 

= 0.589), and median height (MH, r = 0.632, R2 = 0.399). 
The second principal component (PC2) was responsible 

for 17.21% of the total variance and had a substantially 
good correlation with axis–apex height (AAH, r = 0.859, 
R2 = 0.737), and slope length (SL, r = 0.814, R2 = 0.662). 

The third principal component (PC3) was responsible 
for 14.32% of the total variance and had a high correlation 

with apex height (AH, r =0.880, R2 = 0.774) and apex width 
(AW, r = 0.867, R2 = 0.751). 

There was a positive and relatively strong correlation 
between slope length and axis–apex height as well as base 
(proximal), median, and apex (distal) width and height of 
the baculum (Figure 4).

4. Discussion
The results show great variation in the measured 
characteristics of the stone marten’s baculum. One of the 
factors causing these differences between bacula is the age 
of sampled individuals. Juveniles had smaller bacula than 
adults in terms of 9 of 11 characteristics analyzed. As in 
other mammal species (Reinwaldt, 1961; Sumiński, 1968; 
Walton, 1968; Buchalczyk and Ruprecht, 1977; Miller and 
Burton, 2001), this is characteristic for stone marten.

Descriptive statistics of baculum characteristics were 
compatible with the data of Mustela putorius (Malecha 
et al., 2009), Procyon lotor (Schwery et al., 2011), Martes 
martes and M. foina (Vercillo and Ragni, 2011), Vulpes 
vulpes (Čanády, 2013), Canis lupus (Čanády and Čomor, 
2013, 2015), and Martes foina (Čanády and Onderková, 

Table 3. Pearson’s correlations between bacular traits of Martes foina. The upper number indicates the correlation coefficient 
values, the lower number represents the P-value. For abbreviations of baculum variables, see Figure 1 (NS: no significance).

  BH BW BL AAH AH SL TL BP AW MW MH

BH 1

BW
0.463 1
0.05

BL
0.353 0.543 1
NS 0.01

AAH
–0.195 –0.158 0.005 1
NS NS NS

AH
–0.030 –0.009 0.027 0.094 1
NS NS NS NS

SL
0.120 0.042 0.090 0.549 0.108 1
NS NS NS 0.01 NS

TL
0.318 0.443 0.536 –0.337 0.148 0.084 1
NS 0.01 0.05 NS NS NS

BP
0.367 0.645 0.755 0.095 0.133 0.256 0.521 1
NS 0.01 0.01 NS NS NS 0.05

AW
–0.301 –0.175 –0.246 0.092 0.580 –0.204 –0.088 –0.186 1
NS NS NS NS 0.01 NS NS NS

MW
0.364 0.580 0.602 0.058 –0.031 0.187 0.300 0.750 –0.197 1
NS 0.01 0.01 NS NS NS NS 0.01 NS

MH
0.222 0.336 0.433 0.163 0.233 0.437 0.239 0.771 –0.063 0.536 1
NS NS 0.05 NS NS 0.05 NS 0.01 NS 0.05
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2016a, 2016b). However, mean values of baculum 
characteristics showed both similarities and differences 
with those found by Čanády and Onderková (2016b). 
Accordingly, weight and total length of the bacula in 
Turkey’s population of stone marten are high, their base 
width and apex height are similar, and their apex width has 
low mean value. These differences were assumed to result 
from sample size, homogeneity, or geographical factors in 
both studies. In addition, the mean of total length data for 
bacula of Martes foina by Vercillo and Ragni (2011) (x̄ = 
58.83) was compatible with that of the Turkish population. 
Results reveal a high variability in thickness, weight, and 
axis–apex height of bacula represented by base height and 
base width, and low variability in total length. It has been 
stated that these high or low variabilities are likely to play 
an important role in increasing the strength of the baculum 
and to prevent possible fractures and fissures during 
copulation (Schwery et al., 2011; Čanády and Čomor, 
2013). Moreover, positive correlations between width and 
height measurements in base (proximal), median, and end 
(distal) of the baculum also explained relationships for 
protecting the bone and urethra from fractures or fissures 
during copulation (Schwery et al., 2011; Baryshnikov et 
al., 2003; Čanády, 2013; Čanády and Čomor, 2013; Čanády 
and Onderková, 2016a, 2016b). Fractures of the baculum 
have been reported for the family Mustelidae (Long and 
Frank, 1968; Ewer, 1973; Dixon, 1995). According to 

Kierdorf (1996), fissures and fractures of the baculum 
can lead to death (Kierdorf, 1996). Ramm (2007) stated 
that the baculum is one of the competitive elements in the 
sperm race. The thickness and length of the baculum affect 
sperm transfer, ensuring ejaculation of semen and further 
stimulation of female reproductive system (Čanády, 2013). 
Females are sensitive to the thickness of the baculum 
depending on the length and care about this factor in 
choosing mates (Tasikas et al., 2009). In species from 
the family Mustelidae, the baculum is an indicator for 
genetic quality of males in carnivorous species that have 
copulation with multiple mates  (Ferguson and Larivière, 
2004). 

Strong correlations of weight with variables of both 
length and width reveal the relationships that ensure 
interaction of the baculum with the female reproductive 
system and mechanical support during copulation 
(Baryshnikov et al., 2003; Krawczyk et al., 2011; Čanády 
and Čomor, 2013, 2015; Čanády and Onderková, 2016a, 
2016b).

Tasikas et al. (2009) and Čanády and Onderková 
(2016b) expressed that thickness size, represented by width 
and height of the baculum, was quite variable compared 
to length. Schwery et al. (2011) confirmed that growth of 
weight and thickness (width and height) continued after 
growth of baculum length stopped. Baryshnikov et al. 
(2003) recorded that the urethral tract atrophied in the 
baculum of Mustelidae, ending with a sloping head with an 
asymmetrical distal end towards the apex; this head has an 
area with a hole in the genus Martes. All of these data are 

Table 4. Values of latent roots and loadings factors of the PCA for 
three main components (PC1–PC3): their eigenvalue, percentage 
(variability %), and cumulative percentage (cumulative %) 
expressions. For abbreviations of baculum variables, see Figure 1.

 PC1  PC2     PC3
BH  0.577 –0.114   –0.257
BW  0.784 –0.108   –0.084
BL  0.814  0.061   –0.059
AAH –0.178  0.859     0.074
AH –0.115  0.099     0.880
SL  0.152  0.814    –0.070
TL  0.691 –0.272     0.127
BP  0.903  0.279     0.058
AW –0.270 –0.087     0.867
MW 0.768 0.228    –0.103
MH 0.632 0.502     0.180
Eigenvalue 4.120 1.894    1.576
Variance (%)  37.459 17.219   14.329
Cumulative (%) 37.459 54.677   69.006

Figure 3.  Results of the PCA for baculum variables in Martes 
foina. The ordination diagram shows the position of baculum 
variable scores on PC1, PC2, and PC3.
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compatible with the data from bacula in the population of 
Martes foina in Turkey. Based on analysis and evaluation, it 
can be concluded that baculum structure and size of Martes 
foina in the Turkish population are variable. This variability 
is thought to be influenced by genetic, ecological, and 
zoogeographic factors. These results were also compatible 
with the data obtained from some carnivorous species 

by other researchers (Abramov, 2002; Baryshnikov et al., 
2003; Malecha et al., 2009; Krawczyk et al., 2011; Čanády, 
2013; Čanády and Čomor, 2013; Čanády and Onderková, 
2016a, 2016b). Data and analysis of different populations 
are needed to exactly reveal the role and importance of the 
baculum of Martes foina during copulation.

Figure 4. The relationships between measurements of the baculum: A) base width and base height, B) median width and 
median height, C) apex width and apex height, D) slope length and axis–apex height and slope length.
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