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Abstract
The observation of pelvic anomalies in two Eurasian lynx (subspecies Lynx lynx carpathicus) from a population reintroduced 
to Switzerland raised the question of the frequency of such anomalies, but no anatomical reference values were available for 
comparison. This study aimed at providing baseline data on the pelvic morphology of Carpathian lynx from Switzerland, 
and at detecting potential pelvic anomalies. Measurements of 10 pelvic parameters were performed on the radiographs of 56 
lynx taken from 1997–2015. Two ratios (vertical diameter/acetabula; sagittal diameter/transversal diameter) and two areas 
(pelvic outlet and inlet) were calculated to describe pelvic shape. The results showed that the Eurasian lynx has a mesatipellic 
pelvis, with a pelvic length corresponding to approximatively 20% of the body length. We found growth-related pelvis size 
differences among age classes and evidence of sexual dimorphism in adults: two parameters reflecting pelvic width were 
larger in females, likely to meet the physiological requirements of parturition. By contrast, pelvis length, conjugata vera, 
diagonal conjugata, sagittal diameter, and tendentially also vertical diameter, were larger in males, in agreement with their 
larger body size. Outliers were found in five individuals but apparently without clinical significance. Extreme values were 
likely due to inter-individual differences and the limited sample size rather than to possible congenital or developmental 
pathological morphology of the pelvic cavity. We present baseline data of the pelvic morphology, including growth and 
sexual dimorphism, which may be useful for health monitoring and for determination of age and sex in skeletal remains of 
Carpathian lynx.
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Introduction

The Eurasian lynx (Lynx lynx) is a medium-sized felid spe-
cies belonging to the subfamily of large felids (Pantherinae). 
It is widely distributed in both Europe and Asia, and accord-
ing to the International Union for Conservation of Nature 
(IUCN) Red List, it is a species of least concern on a global 
scale. However, in Europe its range has strongly shrunken 

until the end of the nineteenth century due to habitat loss and 
persecution (Schmidt et al. 2011). Currently, the occurrence 
of L. lynx in continental Europe is highly fragmented, and 
of the 11 existing populations, only five are native while 
the other six have been reintroduced (Chapron et al. 2014). 
The Carpathian lynx (L. lynx carpathicus) is one of the nine 
currently proposed subspecies of the Eurasian lynx, which 
present varying phenotype characteristics including anatom-
ical differences (Breitenmoser and Breitenmoser-Würsten 
2008; Gomerčić et al. 2010; Schmidt et al. 2011; Kubala 
et al. 2019). Nowadays the Carpathian lynx only occurs in 
small, isolated and genetically impoverished populations in 
continental Europe (Breitenmoser-Würsten and Obexer-Ruf 
2003; Schmidt et al. 2011; Krojerová-Prokešová et al. 2019).

Like in other European countries, in Switzerland the 
Eurasian lynx vanished at the end of the nineteenth cen-
tury. Following habitat improvements and prey recovery, 
reintroductions took place in the 1970s, using Carpathian 
lynx imported from Slovakia. Two small, geographically 
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and genetically distinct lynx populations resulted from 
these releases: one in the Swiss Alps, extending slightly 
into France and Italy, and another in the Jura Mountains, 
across the border with France. Less than 250 independent 
lynx were estimated to occur on the Swiss territory in 2018, 
including approximately 60 in the Jura and 170 in the Alps 
(www. kora. ch). Genetic variability is low and associated 
with a high inbreeding coefficient (Breitenmoser-Würsten 
and Obexer-Ruf 2003). In Switzerland, free-ranging lynx can 
reach 18 years of age (Marti and Ryser-Degiorgis 2018a). 
Adult females weigh 15–21 kg, with a body length (in physi-
ological position) varying between 92–105 cm, while adult 
males weigh 19–27 kg and are 87–109 cm long (Marti and 
Ryser-Degiorgis 2018b).

A lynx health monitoring program has been conducted at 
the Centre for Fish and Wildlife Health (FIWI) in Switzer-
land for several decades, including necropsies of carcasses, 
clinical examinations of live lynx and systematic collection 
of a range of samples in both dead and live lynx (Schmidt-
Posthaus et al. 2002; Ryser-Degiorgis and Segner 2015; 
Ryser-Degiorgis et al. 2021). From 2004 onwards, there has 
been increasing concern about inbreeding depression, in 
particular in the Alpine population (Breitenmoser-Würsten 
and Obexer-Ruf 2003; Ryser-Degiorgis et al. 2013). Among 
others (Ryser-Degiorgis et al. 2004, 2020), pelvic anoma-
lies were detected in two orphaned lynx from the Swiss 
Alps, BETHLI in 2006 and an older case found in the FIWI 
archives (online resource 1). This raised questions regarding 
the frequency of pelvic malformations in lynx in Switzer-
land. From then until the present study was carried out, pel-
vic radiographs have been systematically taken of dead lynx 
submitted to necropsy and of live lynx to be translocated for 
reintroduction programs in neighbouring countries.

Narrowing of the pelvis or its deformation may occur 
due to malunion of a previously fractured pelvis, metabolic 
disorders or congenital pelvic malformations, and it may 
result in complications such as obstipation and dystocia 
(Schrader 1992; Celimli et al. 2008; Batista-Arteaga et al. 
2011). Currently there are no studies proving the heritability 
of pelvic characteristics in felids. Nevertheless, it has been 
demonstrated in Boston terrier dogs that 26 per cent of the 
offspring’s pelvic shape could be explained by the pelvic 
shape of the parents (Linde-Forsberg 2002; Celimli et al. 
2008; Monteiro et al. 2013). Thus, there were concerns that, 
if pelvic shape were also inherited in lynx, pelvic malforma-
tion and narrowing may occur at an increased frequency in 
the inbred lynx population in Switzerland. This may have 
an impact on population dynamics in the long-term due to 
fatalities linked to chronic obstipation and dystocia.

Radiographic examination followed by pelvic meas-
urements is a valuable method to assess pelvic narrowing 
or malformation. Pelvimetry consists of measuring dis-
tances and angles between pelvic structures, either with 

radiographic measurements or by palpation. However, 
radiographs obviously deliver more accurate data than 
palpation. Furthermore, the use of radiographs allows car-
rying measurements after the patient is gone. Thus, radio-
graphic pelvimetry is often used to calculate the pelvic size 
in humans, and has also been employed in domestic animals 
such as cats (Celimli et al. 2008; Monteiro et al. 2013), 
dogs (Eneroth et al. 1999; Ocal et al. 2003), cattle (Van 
Donkersgoed 1992), sheep (Cloete and Haughey 1990) and 
Indian buffaloes (Malik et al. 1990). Post-release or post-
mortem radiographic pelvimetry obviously represent an 
interesting approach also for wildlife studies. More recently, 
pelvimetry has been performed using computer tomography 
in rabbits (Özkadif et al. 2014) and cats (Yilmaz et al. 2020; 
Yilmaz and Demircioğlu 2020); however, as stated by the 
authors, this method has significant limitations as only a 
few institutions are equipped for computed tomography, 
costs are high and expert staff is required.

The Swiss lynx populations serve as sources for rein-
troductions in other European countries (Ryser-Degiorgis 
et al. 2021) and it is therefore essential to thoroughly assess 
their health status. The objectives of the present study were: 
(i) to deliver baseline data on the pelvic morphology of Eur-
asian lynx from the reintroduced populations in Switzerland; 
(ii) to assess potential differences in pelvic conformation 
between the two main populations, among age classes and 
between sexes; and (iii) to detect pelvic abnormalities that 
may have been missed by routine evaluation of radiographs.

Material and methods

Animals

We used a convenience sample consisting of all available 
radiographs of free-ranging lynx (n = 100) taken from 1997 
to 2015 at the Vetsuisse Faculty of the University of Bern. Of 
these lynx, 86 were found dead and necropsied at the FIWI, 
and 14 were captured in the field and taken to a quarantine 
station before translocation or rehabilitation under veterinary 
supervision of FIWI staff. Live lynx were trapped and anes-
thetized following established protocols and with all permits 
required by the Swiss legislation. Anesthesia was performed 
by intramuscular injection of medetomidine and ketamine 
hydrochloride (2.8 mg medetomidine and 80 mg ketamine 
per adult or subadult lynx, i.e., approx. 0.13– 0.17 mg/kg 
medetomidine and 3.6–5.0 mg/kg ketamine depending on 
the weight measured during manipulations), and atipamezole 
(five times the medetomidine dosage) was used for reversal 
as previously described (Ryser-Degiorgis et al. 2021).

Age was determined based on field data (animals identified 
as kittens) or tooth cementum analysis (Matson’s Laboratory, 
Manhattan, USA), or estimated using morphological criteria 
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such as body size and weight, growth plates, tooth replace-
ment and tooth wear (Marti and Ryser-Degiorgis 2018a, b; 
Ryser-Degiorgis et al. 2021). Age classes were defined as pre-
viously described (Marti and Ryser-Degiorgis 2018a): juve-
niles included lynx in their first year of life; subadults ranged 
from 12–24 months for females and from 12–36 months for 
males; and adults corresponded to females > 24 months and 
males > 36 months (post-growth period). Definitions of the 
subadult and adult age categories differ between females 
and males because they base on reproductive biology, social 
behavior and body growth (Breitenmoser and Breitenmoser-
Würsten 2008; Marti and Ryser-Degiorgis 2018b).

Body length was measured at necropsy and corresponded 
to a projection of the stretched lynx body from the tip of the 
nose to the sacrococcygeal joint (so-called stretched body 
length) (Marti and Ryser-Degiorgis 2018b). It was available 
for 45 individuals.

Radiology

All dead animals were radiographed at the small animal hos-
pital of the University of Bern. Fourteen live lynx were also 
radiographed but for most of them it was done with a port-
able unit at the quarantine station. The x-ray units used to 
obtain the radiographs included a General Electrics Prestige 
SI (65 kW), a Swissray Gen-X-80 kW unit, a Siemens Poly-
doros LX Lite Power Up 100 kW, and a portable Gierth HF 
300 (Riesa, Germany) for radiographs taken at the quaran-
tine station. The imaging systems included a Fuji FCR AC-3 
and Fuji FCR Profect one reader. The imaging plates were 
FCR ST-V general purpose plates, standard dual side imaging 
plates (ST-BD) and dual sided mammographic HR-BD plates. 
For the mobile system, film-focus distance was 100 cm, for 
the stationary system 20 cm, the exposure 63 kV/5 mAs for 
the mobile system and varied between 54 kVp/20 mAs to 70 
kVp/25 mAs for the stationary systems used. Ventrodorsal 
and left or right lateral views of the pelvis were obtained.

Pelvimetry

Pelvimetry was only possible in 62/100 lynx, as 38/100 
had only one projection available, inadequate positioning, 
incompletely imaged pelvis, or recent pelvic fractures that 
did not allow exact measurements. We also conducted pel-
vimetry on radiographs of the juvenile female with obvi-
ously abnormal pelvis (BEHTLI; Fig. 1, online resource 1).

We performed all pelvic measurements directly on the 
radiographs with the radiology information system IMPAX 
EE (Agfa Health care, Bonn Germany), using a measure-
ment tool with 0.01 cm accuracy. Each measurement was 
taken three times by the first author (FM) and the average 
of the three values was retained. To correct for differences 
resulting from varying film-focus distance (muscle mass) 
between the mobile (100 cm) and stationary radiographic 
systems (120 cm), 15% was subtracted from the values 
obtained with the portable system.

Similarly to previous studies in domestic cats (Celimli 
et al. 2008; Monteiro et al. 2013), data collection comprised 
five measurements in the left–right or right-left lateral pro-
jection and five in the ventro-dorsal projection. In addition, 
we calculated two ratios between the height and width of the 
pelvis and estimated two pelvic areas. Measurements and 
abbreviations are explained in Table 1 and shown in Fig. 3.

Data analysis and statistics

We stored all data in a MS  Excel© spreadsheet and imported 
them into the statistical software NCSS (NCSS 2015). 
Inclusion criteria for statistical analysis were 1) availabil-
ity of full pelvimetric records, age and sex, 2) pelvic length 
larger than 10 cm. The threshold of 10 cm is arbitrary 
and was given by data scarcity below this value and the 
particularly rapid growth in small juveniles. These crite-
ria led to the exclusion of one adult from the Jura popula-
tion of unknown sex and five kittens < 4 month-old The 56 

Fig. 1  Abnormal pelvis, 
Eurasian lynx (Lynx lynx 
carpathicus): a Latero-lateral 
and b ventrodorsal projection of 
the pelvis of a juvenile female, 
north-eastern Swiss Alps (speci-
men W06/1532, BEHTLI), 
asymmetric pelvis and abnor-
mally narrow pelvic canal with 
accumulation of fecal material 
in the descending colon and 
rectum
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remaining lynx included 32 animals from the Alps, 22 from 
the Jura, and two from a recently reintroduced population 
nucleus in north-eastern Switzerland. There were 26 males 
and 30 females; and 24 juveniles (4–12 months old), 11 
subadults and 21 adults.

For each group of population, age and sex, we visually 
examined data distribution using quantile plots, histograms 
and box-plots to check for errors and outliers. In the box-
plots the whiskers were drawn as the box edge ± 1.5 times 
the interquartile range and the severe outlier boundary was 
set at box edge ± 3 times the interquartile range. Due to the 
large body size variation inherent in the juvenile age class 
(Marti and Ryser-Degiorgis 2018b) and the poor sample size 
of subadults, differences between sexes were tested for adult 
individuals only. We performed univariate analyses to assess 
for differences between the two main populations (Alps and 
Jura), and between sexes for all pelvic measurements, using 
non-parametric tests such as the Mann–Whitney-Wilcoxon 
(for population and sex) or Kruskal–Wallis (for age) For 
these analyses, the two lynx from the north-eastern popula-
tion were also excluded. The level of significance was set 
to 0.05.

BETHLI was not included in the statistical analyses. 
Instead, the data of this animal were compared to the meas-
urements of six other lynx of the same age and with similar 
pelvic length (“controls”, including three females and three 
males, as sexual dimorphismus appears only after one year 
of age; Marti and Ryser-Degiorgis 2018b).

Were prepared the figures using Microsoft Power Point 
(Microsoft Corporation 2018, https:// office. micro soft. com) 
and the free software GIMP (GIMP 2019).

Results

Descriptive statistics of the radiographic pelvic parameters 
per age class and sex are shown in Table 2 and Fig. 3. We 
found a total of 15 outliers for five linear pelvis parameters 
(VD, CT, TD, LIT, PL) and body length, concerning five  
lynx of both sexes, either juvenile or adult, with 1–4 con-
cerned values per lynx (Fig. 2). Among juveniles, a male 
from the Alps (W09/1096) estimated to 10–11 months old 
had higher values for CT (pelvis width parameter), pelvis 
length and body length, and a juvenile female from the 
Alps (W13/5753) estimated to 8 months old had a much 
longer body length compared to other juvenile females. 
Furthermore, a male from the Jura (W15/4039) estimated 
to 6–7 months old had a slightly higher LIT value (pelvis 
width parameter). Among adults, two females (ALMA from 
the Jura and FREIA from the Alps) and a male from the 
Jura (JURO) showed lower values for a few linear width and 
height parameters, ALMA also for the pelvis length, despite a 
body length within the range of other adults of the same sex. 
Although other parameters did not stand out in the statistical 
analysis, ALMA and FREIA also had the lowest values of all  
adult females for the pelvis length, VD, SGD, CT, TD, AC, 

Table 1  Pelvic measurements taken on radiographs of Eurasian lynx from Switzerland (Lynx lynx carpathicus)

Linear distances (cm)

PL Pelvis length Distance between the most distant Ilium bone extremities (iliac crest and ischial tuberosity)
CV Conjugata vera Distance between the promontory and cranial pubic symphysis
DC Diagonal conjugata Distance between the promontory and caudal pubic symphysis
VD Vertical diameter Vertical distance between the cranial portion of the pubic symphysis and the mid sacrum, 

i.e. pelvis height
SGD Sagittal diameter Distance between caudal sacral and caudal symphysis
FO Foramen obturatum Inner length of the foramen obturatum
CT Coxal tuberosities horizontal distance between the iliac crests
TD Transversal diameter horizontal distance between ilial shafts
AC Acetabula horizontal distance between acetabula, i.e. pelvis width
LIT Lateral ischial tuberosities horizontal distance between the lateral ischial tuberosities
Areas (cm2)
PIA Pelvis inlet area Planar surface corresponding to the boundary between the pelvic and the abdominal cavity

PIA = (CV/2 + TD/2)2 × π
POA Pelvic outlet area Lower circumference of the lesser pelvis

POA = (VD/2 + AC/2)2 × π
Ratios (height/width)
SGD/TD
VD/AC

https://office.microsoft.com
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LIT and the two areas PIA and POA. Similarly, JURO had 
the lowest values for all linear parameters (except LIT: no 
data) and the two areas. Information on body length was not 
available for these three individuals. By contrast, an adult 
male from the Jura (W11/4290) with pelvis measurements 
within the range of other adult males had a much shorter 
body length.

Population

The mean values of all parameters were very close for the 
two populations, with either the Alpine or the Jura value 
being slightly higher. Mean values were nearly identical 
for PL (Alps 141.3, Jura 141.5) and only slightly higher in 

the Alps for CV (Alps 52.7, Jura 51.7) and CT (Alps 70.9, 
Jura 69.4). Given these minor differences, we could pool 
the two populations for other analyses.

Age

All linear radiographic pelvic measurements increased 
significantly with age (Table 2, Fig. 3, p = 0.000 for all 
parameters). Regarding the pelvic height/width relation-
ships, we found evidence of a decrease with age for both 
the VD/AC (p = 0.000) and the SGD/TD ratio (this last 
parameter with smaller differences and a p-value close to 
the significance level; Table 2, p = 0.037).

Table 2  Mean, standard deviation and range (minimum–maximum) of the pelvis parameters of 30 free-ranging female and 26 male Eurasian 
lynx (Lynx lynx) from Switzerland, 1997–2015. Sample size (n) is indicated for each sex/age group

Pelvic  
measurements

Males Females

Juveniles
(n = 11)

Subadults
(n = 6)

Adults
(n = 9)

Juveniles
(n = 13)

Subadults
(n = 5)

Adults
(n = 12)

Linear distances (cm)
PL 12.13 ± 0.99 

(10.80–14.47)
14.91 ± 1.34 (12.78–
16.77)

17.03 ± 1.26 (13.97–
17.97)

11.79 ± 0.80 
(10.60–13.37)

14.05 ± 2.17 (11.36–
16.50)

15.62 ± 1.64 
(11.96–17.47)

CV 5.00 ± 0.43 (4.25–
5.84)

5.38 ± 0.51 (4.63–
5.89)

5.80 ± 0.53 (4.72–
6.42)

4.79 ± 0.20 (4.52–
5.09)

5.04 ± 0.65 (4.34–
5.99)

5.43 ± 0.52 
(4.33–5.92)

DC 8.68 ± 0.62 (7.40–
10.33)

10.30 ± 1.12 
(8.96–11.7)

11.50 ± 1.00 
(9.35–12.43)

8.43 ± 0.48 (7.89–
9.39)

9.64 ± 1.30 (8.29–
11.13)

10.73 ± 1.14 
(8.29–11.7)

VD 4.59 ± 0.33 (4.10–
5.33)

5.15 ± 0.55 (4.23–
5.62)

5.56 ± 0.49 (4.69–
6.03)

4.33 ± 0.19 (4.07–
4.58)

4.52 ± 0.58 (3.81–
5.52)

5.28 ± 0.52 
(4.19–5.85)

SGD 5.93 ± 0.52 (5.08–
7.03)

7.02 ± 0.82 (5.97–
8.15)

7.92 ± 0.76 (6.31–
8.50)

5.69 ± 0.33 (5.17–
6.32)

6.25 ± 1.07 (4.66–
7.29)

7.33 ± 0.82 
(5.74–8.04)

FO 3.28 ± 0.33 (2.78–
3.85)

3.91 ± 0.50 (3.11–
4.43)

4.36 ± 0.46 (3.44–
4.88)

3.12 ± 0.27 (2.80–
3.58)

3.75 ± 0.63 (3.21–
4.46)

4.18 ± 0.49 
(3.16–4.89)

CT 6.37 ± 0.53 (5.57–
7.59)

7.19 ± 0.90 (5.79–
8.03)

8.05 ± 0.87 (6.37–
9.08)

6.09 ± 0.53 (5.23–
6.93)

6.94 ± 1.12 (5.74–
8.40)

7.74 ± 0.94 
(5.71–8.92)

TD 3.02 ± 0.18 (2.81–
3.51)

3.62 ± 0.45 (3.02–
4.08)

3.98 ± 0.34 (3.27–
4.43)

2.89 ± 0.19 (2.57–
3.24)

3.42 ± 0.49 (2.93–
3.93)

4.11 ± 0.52 
(3.07–4.64)

AC 2.62 ± 0.17 (2.35–
2.87)

3.34 ± 0.66 (2.69–
4.06)

3.94 ± 0.33 (3.46–
4.39)

2.55 ± 0.24 (2.22–
3.06)

3.14 ± 0.54 (2.50–
3.73)

3.95 ± 0.53 
(2.86–4.49)

LIT 6.03 ± 0.70 (4.89–
7.30)

7.60 ± 1.05
(6.15–8.86)

8.85 ± 0.72
(7.77–9.94)

5.77 ± 0.44 (5.23–
6.50)

7.02 ± 1.12 (5.88–
8.48)

8.53 ± 0.95 
(6.43–9.26)

Areas (cm2)
PIA 50.74 ± 7.38 

(41.40–68.71)
64.12 ± 12.47 
(45.92–73.90)

75.60 ± 12.14 
(50.14–87.20)

46.52 ± 4.56 
(39.44–54.15)

56.94 ± 15.04 
(41.47–77.18)

72.23 ± 14.13 
(43.05–84.84)

POA 40.97 ± 4.94 
(34.70–52.72)

57.50 ± 15.11 
(38.15–73.59)

71.72 ± 11.59 
(52.21–83.81)

37.31 ± 4.46 
(31.04–44.65)

46.72 ± 13.13 
(31.30–64.80)

67.59 ± 13.32 
(39.04–79.17)

Ratios (height/width)
SGD/TD 1.96 ± 0.11 (1.76–

2.13)
1.94 ± 0.07

(1.84–2.01)
1.99 ± 0.08

(1.88–2.13)
1.97 ± 0.08 (1.85–

2.18)
1.83 ± 0.14 (1.59–

1.97)
1.79 ± 0.11 

(1.58–1.93)
VD/AC 1.76 ± 0.14 (1.58–

1.96)
1.57 ± 0.22

(1.38–1.89)
1.40 ± 0.06

(1.34–1.49)
1.70 ± 0.11 (1.46–

1.85)
1.45 ± 0.11 (1.28–

1.56)
1.35 ± 0.11 

(1.19–1.53)
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Sex

Adult individuals showed evidence of sex-specific dif-
ferences for PL (p = 0.011), CV (p = 0.035), DC (0.032), 
SGD = 0.040) and SGD/TD (p = 0.000), while VD was close 
to the significance level (p = 0.069).

Relationship between pelvic length and body 
length

The body length of the lynx included in this study and the 
ratio between the mean pelvis length and the mean body 
length are presented for all age/sex categories in Table 3. 
Although mean body length was slightly higher in males than 
females among subadults and adults, the available data did 
not allow robust testing of differences. The pelvic length was 
consistently around 19–20% that of the body length for all 
sex/age groups (no evidence of differences among groups).

Abnormal juvenile pelvis

Nine out of 13 measures of BEHTLI’s pelvis (Table 4) 
were smaller than the minimum of the control specimens, 
including five longitudinal parameters (CV, VD, SGD, CT 
and AC), the pelvic ratio (SGD/TD), PIA and POA. Thus, 
although the small sample size of control animals does not 
allow excluding individual variation of pelvic parameters, 
measurements were congruent with the anomalies visible 

on the prepared pelvis bone: The low CV and SGD val-
ues revealed a significant reduction of the pelvic height; the 
abnormal SGD/TD ratio indicated a modification of the pel-
vis proportions; and the abnormally low CT value reflected 
the rotation of the left hemipelvis towards the inside (online 
resource 1).

Discussion

Our study is the first to provide pelvimetric measure-
ments for the Eurasian lynx. Pelvimetry studies have been 
performed in a range of animal species but not in this 
wild felid. A comparison with data on Canada lynx (L. 
canadensis) and Iberian lynx L. pardinus; (Garciá-Perea 
1990; Gálvez Prada et al. 2013) was hampered by a range 
of factors: species measurements for these studies were 
taken on prepared bones and not on radiographs, these 
two lynx species are smaller in size than the Eurasian lynx 
(Breitenmoser and Breitenmoser-Würsten 2008), part of 
the parameters differed among studies, and data on L. 
pardinus were taken only on a single adult specimen of 
unknown sex (Garciá-Perea 1990). Future studies in lynx 
may consider comparing radiological data with direct bone 
measurements. The latter can be performed post-mortem 
only but can be done on museum specimens, does not 
require radiographic equipment and is associated with 
lower costs, which may permit access to larger sample 

Fig. 2  Measurements taken for pelvimetry: Pelvis, Eurasian lynx 
(Lynx lynx carpathicus), subadult male; a Left–right latero-lateral 
radiograph showing pelvis length (PL); conjugata vera (CV); diago-
nal conjugata (DC); vertical diameter (VD); and sagittal diameter 

(SGD);  b Ventro-dorsal radiograph showing the inner length of the 
foramen obturatum (FO); coxal tuberosities (CT); transversal diam-
eter (TD); acetabula (AC); and lateral ischial tuberosities (LIT)
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sizes in more lynx populations. Unfortunately, this com-
parison was not possible in the framework of our study.

We compared our data with those from studies in 
domestic cats (Celimli et al. 2008; Monteiro et al. 2013) 

and dogs (Eneroth et al. 1999; Ocal et al. 2003) since the 
applied methods were the same. Data on pelvimetry remain 
scarce even in domestic animals and especially in males, 
because studies mostly focus on the contribution of female 

Fig. 3  Box plots of selected pelvic parameters and body length of 
free-ranging Eurasian lynx from Switzerland (Lynx lynx carpathi-
cus): Longitudinal parameters (n = 56) and body length (n = 45) are 
indicated in millimeters. Age classes are shown in white for juveniles, 
light grey for subadults and dark grey for adults. The whiskers were 
drawn as the box edge ± 1.5 times the interquartile range, and the 
severe outlier boundary was set at box edge ± 3 times the interquar-
tile range. Outliers were found for one height parameter (VD: verti-

cal diameter) and three width parameters (CT: horizontal distance 
between the coxal tuberosities; TD: the transversal diameter, LIT: 
horizontal distance between the lateral ischial tuberosities). The out-
liers are indicated as colored dots, each color referring to a specific 
individual, such as the adult females FREIA (orange) and ALMA 
(blue), the adult male JURO (green) and the juvenile male W09/1096 
(purple)

Table 3  Mean pelvis length (PL), mean stretched body length (BL) 
and mean pelvis length/body length ratio (PL/BL), standard deviation 
and range (in parentheses) of 45 free-ranging Eurasian lynx (Lynx lynx) 
from Switzerland (1997–2015) for which both parameters were avail-

able. Differences between sexes were only tested among adults. A sig-
nificant difference was found only for PL (Mann–Whitney–Wilcoxon 
test, p = 0.011)

Parameter Juveniles Subadults Adults

Male (n = 9) Female (n = 12) Male (n = 6) Female (n = 3) Male (n = 7) Female (n = 8)

PL (cm) 12.13 ± 0.99
(10.80–14.47)

11.79 ± 0.80
(10.60–13.37)

14.91 ± 1.34
(12.78–16.77)

14.05 ± 2.17
(11.36–16.50)

17.03 ± 1.26
(13.97–17.97)

15.62 ± 1.64
(11.96–17.47)

BL (cm) 61.24 ± 6.45
(55.00–76.50)

63.29 ± 7.93
(55.00–85.20)

81.08 ± 9.69
(68.50–95.00)

77.53 ± 10.86
(65.00–84.00)

88.14 ± 4.25
(80.00–93.50)

85.56 ± 3.71
(78.60–93.00)

PL/BL 0.20 ± 0.01
(0.18–0.21)

0.19 ± 0.02
(0.15–0.22)

0.19 ± 0.02
(0.15–0.21)

0.19 ± 0.01
(0.19–0.20)

0.20 ± 0.01
(0.19–0.21)

0.19 ± 0.01
(0.17–0.20)
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pelvic size to rearing performance (Cloete and Haughey 
1990; Van Donkersgoed 1992; Eneroth et al. 1999). More 
recent studies were conducted on Turkish Van cats using 
three-dimensional computer tomography (Yilmaz et al. 
2020; Yilmaz and Demircioğlu 2020). However, although 
measurements obtained by radiography should correspond 
to those obtained by computer tomography (Solayar et al. 
2017) and the measured parameters were partly the same, 
sample size was low (n = 16 each) and species were dif-
ferent, preventing meaningful comparisons. Nevertheless, 
depending on their pelvis shape, animal species can be 
classified as dolicopellic (long, vertically elongated pelvis 
with the anteroposterior diameter greater than the trans-
verse diameter), platypellic (pelvis shortened in the anter-
oposterior aspect, with a flattened transverse, oval shape) 
or mesatipellic (round pelvis). In Eurasian lynx, the val-
ues of the pelvic height/width ratios (SGD/TD and VD/
AC) were all above one and mostly close to two, pointing 
at an oval pelvis shape (dolicopellic) for both sexes. This 
indicates that the lynx pelvis shape differs from that of 
domestic cats, which have a mesatipellic pelvis (Monteiro 
et al. 2013).

We did not find differences between the Alpine and Jura 
population in agreement with a former study that did not 
detect body size differences between these two populations 
(Marti and Ryser-Degiorgis 2018b).

Both pelvic areas and almost all linear pelvic measure-
ments significantly increased with age, as expected from ani-
mals in growth and documented for other body measurements 
in Eurasian lynx (Marti and Ryser-Degiorgis 2018b). By con-
trast, the height/width ratios apparently decreased with age in 
females and only partly in males (Table 3), possibly because 
the pelvis of females increases more markedly in width than 
in length during the growth period. Similar observations were 
reported for domestic cats (Celimli et al. 2008).

Descriptive statistics (Table 3) did not suggest differences 
between sexes but this was not tested for juvenile lynx. Com-
parisons among lynx < 1 year would indeed be subject to 
errors due to rapid body growth and the resulting wide range 
of pelvic measurements in this age class. This dataset (11 
males, 13 females) is expected to be particularly influenced 
by the sample size and possible uneven age distribution for 
each sex. Similarly, we decided not to test for sex differences 
for subadults due to low sample size (6 males, 5 females). 
Nevertheless, statistical differences between sexes in lynx 
during the growth period were unlikely as body size meas-
urements do not differ between sexes before 9 months of 
age, and differences concern all body measurements only in 
lynx ≥ 1 year old (Marti and Ryser-Degiorgis 2018b).

In adult lynx, the pelvis length, CV, DC and SGD val-
ues were significantly larger in males, in agreement with 
observations in adult domestic cats (Celimli et al. 2008; 
Yilmaz and Demircioğlu 2020). Male lynx also had appar-
ently larger mean PIA and POA but this was not supported 
by the statistical tests. Nevertheless, considering the gener-
ally larger body size of males, PIA and POA may be pro-
portionally larger in female lynx. Mesaticephalic female 
domestic cats have significantly larger PIAs and POAs than 
males, and PIA and POA represent important parameters to 
describe the pelvic space for foetus passage in cat reproduc-
tion (Celimli et al. 2008; Monteiro et al. 2013). Sex-related 
body size difference is likely less marked in domestic cats 
than in Eurasian lynx, potentially explaining the lack of 
significant difference between pelvis parameters of male 
and female lynx. Similarly, two parameters reflecting the 
pelvic width (TD and AC) showed higher mean values in 
female than male lynx but without statistical differences. 
Considering that, independently of the body size, a female 
pelvis is smaller than the pelvis of males, the larger values 
in females are likely relevant. The significantly larger SGD/
TD ratio in males confirmed that adult lynx females have a 
different pelvic shape than adult males, obviously to fulfil 
the physiological requirements of parturition. Thus, all these 
values need to be considered in case of rectal obstipation or 
dystocia in lynx.

Sexual dimorphism of the pelvic bone has been described 
in humans, non-human primates (Leutenegger and Larson 
1985), retriever dogs (Nganvongpanit et al. 2017), rabbits 

Table 4  Measurements of an abnormal pelvis (juvenile female lynx 
BEHTLI, found in the Swiss Alps in 2006) and ranges (min.-max.) 
of the same parameters obtained for juveniles of comparable size 
with similar pelvic length (used as controls). The horizontal distance 
between the lateral ischial tuberosities (LIT) was not measurable on 
BEHTLI because the pelvis was incomplete on the available ventro-
dorsal radiographic projection

Pelvic measurements BEHTLI Range in controls (n = 8)

Linear distances (cm)
PL 13.00 12.57 – 13.37
CV 4.14 4.52 – 5.31
DC 8.37 8.51 – 9.39
VD 4.32 4.17 – 4.83
SGD 3.76 5.74 – 6.32
FO 3.56 3.11 – 3.72
CT 5.37 5.74 – 6.93
TD 3.35 2.94 – 3.32
AC 2.30 2.58 – 3.20
Areas  (cm2)
PIA 44.06 45.28 – 54.63
POA 34.42 36.89 – 49.02
Ratios (height/width)
SGD/TD 1.12 1.87 – 2.13
VD/AC 1.88 1.42 – 1.87
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(Özkadif et al. 2014) and domestic cats (Monteiro et al. 
2013; Yilmaz et al. 2020; Yilmaz and Demircioğlu 2020), 
whereas it is not present in the German shepherd dog (Ocal 
et al. 2003). This dimorphism can be characterized by a 
difference in pelvic size and/or pelvic conformation, and 
if these differences are marked, they can contribute to the 
sex determination of an individual (Gonzalez et al. 2009; 
Nganvongpanit et al. 2017). In Eurasian lynx, Canada lynx 
and domestic cat (Garciá-Perea 1990; Celimli et al. 2008; 
Monteiro et al. 2013), sexual dimorphism of the pelvis is 
characterized by a larger pelvis size in males, in agreement 
with their larger body size (Garciá-Perea 1990; Pontier et al. 
1998; Yom-Tov et al. 2010), and by a different pelvic con-
formation, the pelvis of females being wider.

Outliers which may hint at abnormal morphological fea-
tures were detected in five individuals. Within the juvenile 
age class, a 10–11 months old male had the largest values 
for two pelvic linear measurements (one width parameter 
and pelvis length) and for body length. These measurements 
were within the value range of subadults. The exact birth 
date of this lynx was unknown, but considering that lynx are 
born in May–June (Breitenmoser and Breitenmoser-Würsten 
2008) and that this individual with only 12 kg body weight 
was found dead on March  20th, a wrong classification as a 
juvenile is very unlikely (Marti and Ryser-Degiorgis 2018a, 
b). Therefore, this lynx probably did not have an abnormal 
pelvis but rather already showed morphological character-
istics of a subadult specimen, which is not surprising as he 
would have been classified as a subadult 1–2 months later. 
Similarly, a juvenile female had a larger body size compared 
to the other individuals of this study and a juvenile male had 
a slightly larger LIT value. These findings may reflect inter-
individual variations in growth rates, as already discussed 
for other body measurements in this species (Marti and 
Ryser-Degiorgis 2018b). Juvenile lynx grow rapidly (Marti 
and Ryser-Degiorgis 2018b) and since our juvenile class 
included animals from 4 to 11 months old, it was particularly 
heterogenous. The box plot height in subadults illustrated 
even better the large variation in the datasets of young lynx, 
certainly due not only to growth-related data heterogeneity 
but also to limited sample size. Among adults, i.e. lynx in 
the post-growth period (Marti and Ryser-Degiorgis 2018b), 
apparently abnormal values may reflect morphological 
anomalies of the pelvis or be related to individual variations.  
Male Eurasian lynx > 1 year old are expected to be larger in 
size than females (Yom-Tov et al. 2010; Marti and Ryser-
Degiorgis 2018b). For the three lynx with extreme body 
length values, we also need to consider the possibility of 
occasional measurement errors. Indeed, while pelvis meas- 
urements were taken within a short time period by the same  
person (first author) and repeated twice, body length  
was measured only once, at necropsy, by multiple  
collaborators over many years. Although all involved people 

were instructed and trained to work according to the same 
standardized protocols (Marti and Ryser-Degiorgis 2018b; 
Ryser-Degiorgis et al. 2021), occasional errors cannot be 
excluded. Overall, the data suggest that two adult females 
(ALMA and FREIA) and an adult male (JURO) may have 
had a pelvis with abnormal morphological features. Since all 
linear parameters and the surface areas were small in JURO 
but the ratios were within the range of other adult males, 
JURO may simply have had a smaller pelvis. No body size 
data were available for this lynx and it may just have been a 
small individual. The extremely low values for VD (height), 
CT, LIT and TD (width) in the females suggest an abnormal 
pelvis morphology, which may have impacted parturition. 
However, ALMA and FREIA also had the lowest values of 
all adult females for the pelvis length, VD, SGD, AC, LIT 
and the two areas PIA and POA, suggesting that similarly 
to JURO, they may have been rather small individuals. Nev-
ertheless, with 19 kg FREIA had a body weight above the 
mean for adult females (Marti and Ryser-Degiorgis 2018b). 
Since she had a particularly low TD value and this parameter 
corresponds to the narrowest part of the pelvis (Fig. 2), she 
may have encountered problems when giving birth. How-
ever, we know from field data that these two radio-marked 
females reproduced after the radiological examination was 
performed. Thus, the clinical relevance of the documented 
values in these adult lynx is questionable.

BEHTLI’s data indicated a pathological reduction of the 
pelvic canal. This supports the hypothesis that this malfor-
mation may have predisposed to tenesmus and finally rectal 
perforation due to a foreign body in the faeces. Besides the 
two orphans in a rehabilitation centre, we may have iden-
tified an additional lynx from the Alps with an abnormal 
pelvis (FREIA) but without impact on her health or repro-
ductive performance. In our study, these animals represent 
exceptions but given the relatively high proportion of spec-
imens which could not be measured (38% missing data), 
the occurrence of more lynx with malformations cannot be 
excluded. Furthermore, lynx with a malformed pelvis are 
more likely to die of obstipation, peritonitis or dystocia early 
in life and may not be found. Carcasses of lynx which are 
not fitted with a radio-collar and die of non-anthropogenic 
causes are indeed less likely to be discovered (Schmidt-
Posthaus et al. 2002).

A major weakness of this study was the limited sample 
size, which was suboptimal to assess age, sex and popula-
tion differences together, despite collecting material over a 
period of 11 years. Yet, sample size was higher or equiva-
lent to other published studies in wild and domestic car-
nivores (Garciá-Perea 1990; Celimli et al. 2008; Monteiro 
et al. 2013; Yilmaz et al. 2020; Yilmaz and Demircioğlu 
2020). Limited sample size is a typical problem of stud-
ies conducted on small populations of protected wildlife 
(Ryser-Degiorgis 2013). When considering the current lynx 
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population size in Switzerland at the time of the study (less 
than 200 animals ≥ 1 year old in 2015), 56 lynx including 32 
individuals ≥ 1 year old corresponds to approximately 16% 
of the population, which is considerable. Radiographic mate-
rial was originally obtained from 100 lynx but unfortunately 
a significant proportion of images from carcasses could not 
be used as they were traffic-killed animals with bone frac-
tures. Traffic accidents are a common cause of death in Eura-
sian lynx (Schmidt-Posthaus et al. 2002; Ryser-Degiorgis 
2009) and this problem is unavoidable. Other exclusion cri-
teria concerned only a few individuals.

From a technical point of view, a minimum of two orthog-
onal projections, including a latero-lateral and a ventro-dorsal 
projection, are required for pelvimetric analyses. Considering 
the infrastructure, costs and efforts necessary for radiology 
and pelvimetry, long-term routine examinations may not be 
feasible in practice but these investigations should be con-
sidered at least for animals with a health disorder possibly 
related to pelvis conformation to compare their measure-
ments with the data presented here, as exemplified by the 
case of BEHTLI. Furthermore, these data could be useful for 
estimating age and sex in skeletal remains. Nevertheless, cau-
tion is warranted as concerns comparison. Indeed, since phe-
notype characteristics vary among Eurasian lynx subspecies 
(Breitenmoser and Breitenmoser-Würsten 2008; Gomerčić 
et al. 2010; Schmidt et al. 2011; Kubala et al. 2019), the 
values presented in this article may only be pertinent to Car-
pathian lynx. Furthermore, the limited sample size likely 
underestimated the data range of the three age classes and 
two sexes.

In conclusion, this study delivered baseline morphology 
data revealing that the Eurasian lynx is a dolicopellic spe-
cies with sexual dimorphism of the adult pelvis bone, and 
that pelvis malformations are apparently uncommon among 
free-ranging lynx in Switzerland. In the juvenile lynx with 
a pelvis malformation detected at post-mortem examina-
tion, pelvimetry represented an objective tool that allowed 
to quantify the anomaly. Thus, radiographic examinations 
of the pelvis have proven to be a useful component of the 
long-term health monitoring of lynx.
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In 2006, a juvenile female (BEHTLI, W06/532) in a rehabilitation centre died of purulent 

peritonitis following rectal perforation due to foreign bodies (sharp wood pieces) that were 

found in the abdominal cavity (EMS_Fig. 1). Radiological and post-mortem examination 

revealed a severe pelvic malformation. At necropsy, there was an associated severe 

necrotizing proctocolitis, and bacteriological analysis revealed an infection with Yersinia 

tuberculosis. Radiologic examination showed an abnormally narrow pelvic canal with 

inwardly rotated left hemipelvis (ESM_Fig. 2a, b). The week before death, BEHTLI had 

experienced an episode of diarrhoea followed by tenesmus suggesting obstipation, as 

described in domestic cats with yersiniosis (Weiss 2005). 

Subsequently, another case (W98/3505) with a comparable history was found in the archive 

of the FIWI, and examination of its pelvis, which was preserved at the Museum of Natural 

History of Bern, revealed similar malformations (Ryser-Degiorgis and Robert 2006; 

ESM_Fig.2c).  
 

 

ESM_Fig. 1. a open abdominal cavity showing a severe accumulation of purulent fluid and 

severe congestion of blood vessels. b open rectum with two perforations (yellow arrows) and 

necrotic mucosa. c wood pieces retrieved from the abdominal cavity, which must have 

originated from biting wood structures in the enclosure and perforated the rectum, resulting in 

peritonitis. 
 

a b 

c 
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ESM_Fig. 2 Abnormal pelvis, Eurasian lynx (Lynx lynx carpathicus): a Ventral and b dorsal 

view, juvenile female, north-eastern Swiss Alps (specimen W06/1532, BEHTLI), abnormally 

narrow pelvis canal and the rotation of the left hemipelvis towards the centre; c Ventral view, 

juvenile male, north-western Alps (specimen W98/3505), slight rotation of the left 

hemipelvis towards the centre. R = right body side. 
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