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A m orphological study of sex, age, and  population variation  of Martes 
martes (Linnaeus, 1758) and M artes fo ina  (Erxleben, 1777) was completed, 
using a collection of 236 and 47 skulls, respectively. T w enty-three m easure­
m ents w ere taken  on each specimen. Three age groups (juveniles, subadults 
and  adults) w ere recognized, based on rela tive criteria such as su ture oblit­
eration , too th  wear, and developm ent of crista sagittalis. U nivariate and 
m ultivaria te  techniques were used to  process the data. Sex dim orphism  was 
clear, m ales being on average 12.1% and 9.5% larger than females in  M. 
m artes and M. foina, respectively. M asticatory apparatus w as the  region of 
the skull show ing more significant sex dim orphism  in both species. S ta tis ti­
cal significance of sexual dim orphism  in particu la r tra its  was d istinct in 
both  species. W eight and length of the m andible, and zygom atic w idth show­
ed the h ighest differences among age classes in  both species. In M. martes, 
two principal factors explained more than  70% of the to tal age variation; 
the first one was related to length of th e  skull, accounting for m ost of the 
variance (more than 50%), and the second to  w idth of the skull. However, 
in M. fo ina  th e  total am ount of variation  explained was also high but the 
relative im portance of the length and w idth factors w as sim ilar. Rostral angle 
was the best character to  classify the skulls into species. Using a dividing 
point of 54.9°, below which specimens should be classified as M. martes and 
vice versa, 98% of the  skulls w ere correctly classified. 100% correct classifi­
cation of Polish m artens was achieved by a discrim inant function which 
used only five skull m easurem ents. S eparation  of species was also possible 
by plotting  of two principal factors defining a length and w idth com ponent 
of skull varia tion  in each sex. D ifferences between four populations (Pome­
ran ia and M asurian Lake Region; W ielkopolska-Kujaw y Lowlands; Biało­
wieża Prim eval Forest; Lower and U pper Silesia) were studied  in M. mar­
tes. S ignificant differences were found in  eleven m easurem ents, skulls from 
Białowieża being sm aller than from the o ther three populations. Most of the 
morphological changes in the skull of m artens due to sex, age or species 
varia tion  w ere explained by the association of m easurem ents into a length 
and a w idth factor. However, in each species the  relative im portance of these 
factors to  explain the variability  observed was different, Phylogenetic and 
ecological reasons are the only possible explanation  fo r d ifferent patterns of 
variation  in the two m arten  species.

[Mammal Research Institu te, Polish Academy of Sciences, 17-230 Biało­
wieża, Poland]

1. INTRODUCTION

Earlier studies on the morphological characteristics of the pine mar­
ten Martes martes (Linnaeus, 1758) and the stone marten M. foina 
(Erxleben, 1777) have been dealing with the taxonomic characters

1 Present address: Museo Nacional de Ciencias N aturales, CSIC, J. Gutierrez Abascal 
2, 28006 M adrid, Spain.
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which allow distinction between the two species (see Anderson, 1970 
for review). Attempts to find diagnostic traits are still being made 
using skull measurements (Altuna, 1973), non metrical characters 
(Steiner & Steiner, 1986) or multivariate methods (Gerasimov, 1985). 
Other morphological studies on European martens deal with criteria 
for age determination (Rottcher, 1965; Habermehl & Rottcher, 1967), 
sex dimorphism (Bree et al., 1970; Rossolimo & Pavlinov, 1974), or va­
riations in dental morphology (Wolsan et al., 1985, 1986). However, 
there is no complete information on the morphological pattern of va­
riation of these species related to sex, age, or population differences.

Comparative study of morphological variation in M. martes and M. 
foina is particularly interesting because they have strong morphologi­
cal similarities and at the same time exhibit noticeable differences 
concerning their ecology and especially the habitat preferences. M. 
martes is more selective for the choice of habitat, being associated 
with mature coniferous forest (Heptner et al., 1967; Pulliainen, 1981a), 
while M. foina inhabits either mixed or coniferous forest, rocky hill­
sides, and often being close to human dwellings (Heptner et al., 1967). 
The aim of this paper is to analyze the variation of the skull related to 
sex and age changes, the differences between populations and the dif­
ferences between both species.

2. MATERIAL AND METHODS

This study is based on 236 skulls of M. martes and 47 of M. foina. Specim ens were ob­
tained from the M ammals Research Institu te  PAS (Białowieża), In stitu te  of System atic 
and Experim ental Zoology PAS (Cracow), and the private collection of A. L. Ruprecht.

2.1. Age Classes

To avoid interferences due to  age variation and to analyze the grow th changes in the 
skull w ithout splitting  the m aterial too much, three relative age classes w ere considered: 
Juveniles, Subadults and Adults. The criteria  followed for th is grouping were sim ilar to 
those used by Buchalczyk & Ruprecht (1977) for M ustela putorius  L innaeus, 1758. These 
include the date of killing, obliteration  of sutura intem asalis  and nasomaxillaris, gen­
eral aspect of the skull (development of crista sagittalis, appearance of skull bone), de­
gree of “denudation” of the canine teeth , and tooth wear.

Age class I (Juveniles) included m artens killed from Septem ber to January , already 
w ith perm anent teeth, clearly m arked sutura intem asalis  and nasomaxillaris, and rugg­
ed aspect of the skull bones. Assuming th a t b irth  period takes place in  May (Ryabov, 
1962), the approxim ate age of this group was from five to  eight m onths.

Age class II (Subadults) includes anim als killed between February and April, w ith  
slightly visible sutures, and noticeable development of crista sagittalis. The approxim ate 
age was from nine to  tw elve months.

Age class III (Adults) corresponds to  specimens killed after M arch of the ir first year, 
having smooth bone surface, sutures completely obliterated, well developed crista 
sagittalis and visible tooth  wear. These m artens w ere considered to be older th an  one year.
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2.2. C ranial M easurem ents

Twenty th ree m easurem ents commonly used in m ustelids (Anderson, 1970; Buchalczyk 
& Ruprecht, 1977) were perform ed on each specimen, using vernier caliper w ith  an accu­
racy of 0.1 mm. These were the following:

Length m easurem ents (mm):
1. Condylobasal length (CbL)
2. Profile length (PrL)
3. Facial length  (FcL)
4. Braincase length (BcL)
5. Condylo-m olar length (CmL)
6. M axillary tooth-row  length (MxtL)
7. P ala tal length (PtL)

W idth m easurem ents (mm):
8. Zygomatic w idth (ZyW)
9. Ectoorbital w idth (EorW)

10. In terorb ital constriction (IorW)
11. Postorbital w idth  (PorW)
12. M astoid w idth  (MstW)
13. Bim olar w idth  (BmW)
14. Rostrum  w id th  (RtrW)

M andible m easurem ents (mm):
15. Low er canine length (LcL)
16. F irst lower m olar length (LmL)
17. M andibular tooth-row  length (MntL)
18. M andible height (MnbH)
19. M andible length (MnbL)
20. M andible weight (g) (MnbW)

Others:
21. B raincase height (mm) (BcbH)
22. B raincase capacity  (cc) (BcC)
23. Rostral angle (°) (RstA)

D efinitions of p articu la r m easurem ents are clearly ascertained from  enclosed figures 
(Fig. 1). RstA w as m easured following the procedure of R uprecht (1972). BcC was meas­
ured by filling the braincase w ith fine shot (1.5 mm <J>). To increase accuracy, the shot 
needed to  fill the braincase cavity was weighed instead of m easuring its volume (lcc=6.3  
fa)' a

13

I I

Fig. 1. Skull m easurem ents used in this study. Num bers indicate m easurem ents listed in
the text.
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In addition  to  single m easurem ents, ratios between tw o of them  were calculated, Only 
those which showed greater significance than  single characters in the differences am ong 
groups w ere m entioned in  the results, as indicators of changes in skull proportions.

2.3. Population Groups

Differences among populations w ithin the Polish te rrito ry  w ere analyzed only in JVi. 
martes because of the larger num ber of skulls available. The m aterial examined, adu lt 
males only, was grouped into four regions of particu lar faunistic and  geographic signi­
ficance: (1) Pom erania and M asurian Lake Region; (2) W ielkopolska-Kujawy Lowlands; 
(3) Białowieża Prim eval Forest; (4) Low er and U pper Silesia.

2.4. S tatistical Analysis

Sam ple statistics were calculated separately for each group considered (age class, sex, 
species). The sim plest param eter used for com parison am ong groups was the percentage 
difference between m eans (%D), calculated relative to  the group showing the sm allest 
value [%D = (largest v a lu e-sm a lle st value/smalestxlOO). M ean of %D (x%D) am ong the 
23 m easurem ents was also calculated, being elucidated as the  average size difference be­
tween the groups com pared. All calculations were m ade using the com puter package 
BMDP87 (Dixon, 1987).

U nivariate m ethods w ere m ainly restric ted  to  analysis of variance (ANOVA), which 
tests the significance of the observed variation  in individual characters am ong the  re­
spective groups (age class, sex, populations, species). Due to  unequal sam ple size, Leve- 
n e’s test for equality of variances w as perform ed sim ultaneously to  asses the validity  of 
th is analysis (BMDP7D, Dixon, 1987). When the results of ANOVA are given, the F  value 
expresses the degree of significance of the differences between groups beyond the 
pcO.OOl level. Com pared to %D, F  epresents to  w hat ex ten t the percentage of differen­
ces found among the groups considered (age, sex, species) is due to  hazard  or not. A tten­
tion m ust be paid to  th e  fact th a t F  value is n-dependent, and hence, com parison of this 
value w ith other F  obtained from  a test perform ed in a group of d ifferent sample size is 
inappropria te  because the degrees of freedom are not equivalent. O ther un ivariate tech­
niques used include pair-w ise com parison between group means by S tuden t's  t test.

M ultivariate analysis was carried out to  exam ine varia tion  from a m ultidim ensional 
point of view (Sokal & Rinkel, 1963; Gould & Johnston, 1972). Stepwise d iscrim inant 
analysis (BMDP7M, Dixon, 1987) w as ued to construct from the original variables, a dis­
crim inant function (represented as canonical variables) w hich maximally separates the 
groups analyzed (sex, species). Association between m easurem ents was investigated by 
Principal Factor Analysis (BMDP4M, Dixon, 1987) (Atchley, 1971b; Baker et al.} 1978, 
Wiig, 1985). This technique transform s the original se t of variables into factors th a t join 
those m easurem ents having a sim ilar and independent variab ility  pattern . Therefore, 
factors are characterized by different (opposite) loading’s from  each variable. Factors 
were subjected to  an orthogonal ro tation  (Varimax) in  order to  facilita te in terpre tation  
(Atchley, 1971b; Baker et al., 1978).

Since m ultivariate m ethods require com plete sets of data , missing values of each spec­
imen were estim ated by stepwise regression from the rem aining set (minimum of 60%) 
of variables available for this specimen (BMDPAM, Dixon, 1987). This estim ation was 
m ade separately for age class, sex, species and  populations. The predicted  values were 
then replaced in  the data  m atrix. All variables were tested  for skewness and kurtosis. 
When appropriate, data  transform ation by Log function were used to  approach d istribu ­
tion to norm ality.
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3. RESULTS

Sample statistics for all groups of Polish skulls are depicted in Ta­
bles 1 and 2. No remarkable differences were found between species, 
age, or sex groups, regarding CV. Characters more variable were those 
measuring non linear traits, as weight of the mandible or volume of 
the braincase. The remaining measurements exhibited similar CV, those 
related to width of the skull having little higher CV than length ones. 
Variability of postorbital width was very high in both species.

3.1. Sex Dimorphism

In both species, sex dimorphism was apparent, males being larger 
than females, although overlapping within the observed range of va­
riation occurred in most measurements (Tables 1, 2). Univariate analysis 
was performed in both species using the group of adults only. Results ob­
tained from ANOVA revealed significant differences (p<0.001) between 
sexes in both species and in all measurements except RstA (Table 3).

Measurements related to the mandible showed the most significant 
sex differences, having little or no overlapping (Tables 1, 2), MnbL and 
MnbH reaching the highest F value in M, martes and M. foina, respec­
tively (Table 3). CbL, PrL, and CmL also had very high F value indicat­
ing that sexual dimorphism was more apparent in length than in 
width in both species. RtrW and ZyW also showed high significant sex 
differences (Table 3).

Sex dimorphism was more strong in M. martes than in M. foina. On 
an average, females were 12.1 and 9.5% smaller than males in M. mar­
tes and M. foina respectively (Table 3). In both species, strongest di­
morphism was found in those traits related to size and weight of the 
mandible. On the contrary, BmW was the character more similar in 
males and females (Table 3).

Distinctive sex differences in the development of the crista sagittalis 
were observed, and consequently, related measurements like BcbH 
showed also high significant sex dimorphism, specially in M. foina 
(Table 3).

Character ratios examined were found to have low significance in 
sex dimorphism in comparison to single measurements, even though 
they include those traits with high F values. The indices MndW/PrL, 
MndW/MndL (Heptner & Morozova-Turova, 1951) and BcbH/MndW 
(Buchalczyk & Ruprecht, 1977) showed the greatest changes among 
sexes (Table 3). In particular, MndW and PrL, when plotted against each 
other clearly separate adult males and females in both species (Figs. 2,3).



Table 1
Sam ple statistics of the 23 skull m easurem ents perform ed (see the tex t for explanation 
C. V.: coefficient of variation, O.R.: observed range, X^v: m ean of the coefficient of 
given. Actual sample size of p articu la r m easurem ents is on average 92% of the num ber

Females (n := 103)
Juveniles (n= 44 , Subadults (n=34) A dults (n = 2 5)

X C. V. O R X C. V. 0 . R X C. V. O. R

CbL 76.8 2.2 72.0—80.2 78.0 1.7 75.3—80.6 78.8 1.8 75.5—81.6
PrL 87.6 2.3 73.6—81.8 79.8 1.8 75.5—82.3 81.0 2.0 76.8—83.5
FcL 35.0 3.2 32.2—37.3 36.0 3.0 33.5—37.8 36.2 2.7 34.3—37.8
BcL 49.7 2.5 47.6—52.9 49.7 2.5 46.2—52.0 50.9 2.6 47.2—53.4
CmL 30.6 2.6 28.0—32.0 31.3 2.3 29.4—33.1 31.6 2.5 30.0—33.0
M xtL 27.2 5.4 22.8—32.3 27.7 4.1 22.4—28.9 28.0 4.4 22.7—29.1
PtL 37.4 2.5 34.6—39.6 38.0 2.1 36.3—39.8 38.2 2.4 36.0—39.7
ZyW 43.4 2.7 40.1—45.3 44.6 2.7 41.9—46.4 45.3 2.4 43.0—48.0
EorW 22.0 3.1 19.1—23.5 23.1 5.1 20.7—25.7 22.9 3.4 21.9—24.7
IorW 18.7 4.7 17.0—20.3 19.4 4.1 18.0—21.4 19.4 3.8 18.4—21.2
PorW 18.4 6.3 15.9—20.8 18.5 6.3 15.8—20.3 17.3 6.3 15.3—20.0
MstW 36.1 2.8 33.8—38.2 36.8 2.9 33.0—38.2 37.3 3.0 34.4— 39.3
BmW 21.3 3.4 19.3—22.8 21.7 4.0 20.2—23.2 22.1 4.7 20.0—24.0
RtrW 15.3 4.3 14.4—17.9 15.6 3.0 15.0—16.7 16.0 3.1 14.8—17.0
LcL 4.2 4.2 3.9—4.6 4.3 4.6 4.0—4.7 4.2 6.1 3.6—4.8
LmL 9.0 3.8 8.3—9.9 9.1 3.4 8.3—9.8 9.0 3.2 8.6—10.0
MntL 31.4 2.3 29.6—32.9 . 32.1 2.2 30.5—33.3 32.4 1.9 31.3—33.7
MnbH 21.4 4.0 19.3—23.0 22.0 3.7 20.6—24.4 22.1 3.9 20.7—24.0
MnbL 50.5 2.5 46.3—52.4 52.0 2.1 49.4—55.7 52.4 2.1 49.6—54.2
MnbW 4.3 9.7 3.5—5.2 4.6 9.1 3.7—5.3 4.9 9.7 4.1—5.7
BcbH 29.8 3.3 27.4— 33.2 30.0 3.0 28.4—32.2 29.5 4.1 27.8—32.0
BcC 19.1 7.0 15.9—22.2 19.3 6.9 17.2—22.4 18.4 7.7 16.1—20.8
RstA 51.8 2.9 50.0—56.0 52.3 3.6 48.0—56.0 51.7 3.5 49.0—55.0
xC. V. 3.9 3.7 3.8

Table 2
Sam ple statistics of the  23 skull m easurem ents perform ed in M. foina  from Poland.

Females (n=22)
Juveniles (n= 10) S ubadults (n=5) A dults (n=7)

X C. V. O. R X C. V. O. R X C. V. O R

CbL 76.1 2.0 73.7—78.8 77.8 2.4 75.2—79.7 78.6 1.3 76.6—79.9
PrL 79.3 1.8 77.7—82.1 80.2 2.9 77.4—83.2 81.9 1.4 80.1—83.5
FcL 53.5 3.0 33.7—37.5 36.5 3.1 35.2—37.8 36.3 1.9 35.2—37.1
BcL 49.9 1.4 48.9—51.1 50.5 5.0 47.8—53.8 51.8 3.2 49.8—54.7
CmL 30.7 3.7 29.3—32.9 31.3 3.9 30.5—33.2 31.5 0.7 31.1—31.8
MxtL 27.3 4.7 26.0—30,4 28.0 5.6 26.2—30.5 28.2 2.0 27.3—29.0
PtL 35.7 3.2 34.3—38.0 37.0 3.3 35.3—38.2 36.9 2.3 36.0—38.5
ZyW 45.2 4.6 41.8— 47.6 46.6 1.4 45.6—47.1 48.1 1.1 47.2—48.8
EorW 24.0 6.3 22.3—27.2 25.1 1.8 24.4—25.6 24.9 9.4 22.8—28.7
IorW 20.2 3.3 19.2—21.3 20.7 1.4 20.4—21.1 20.7 2.9 20.0—21.8
PorW 18.5 2.8 17.6—19.2 20.1 1.4 19.9—20.3 17.6 4.2 16.4—18.4
MstW 36.1 5.0 31.6—38.4 36.0 6.7 32.6—38.0 37.0 5.3 33.3—39.3
BmW 22.3 4.3 20.9—24.0 22.8 2.7 22.2—23.5 23.9 5.6 21.0—25.3
RtrW 16.3 2.9 15.6—17.1 17.0 4.7 16.3—18.4 16.7 2.5 15.8—17.1
LcL 4.1 3.5 4.0—4.4 4.3 2.5 4.2—4.4 4.2 3.1 4.1—4.4
LmL 9.1 4.5 8.7—9.9 9.2 3.8 8.8—9.7 9.1 2.1 8.9—9.4
MntL 31.1 2.6 30.1—32.7 31.8 2.3 31.1—33.0 32.1 1.6 31.6—33.0
M nbH 22.9 3.9 21.6—24.2 23.5 2.3 23.0—24.3 23.4 2.4 22.6—24.2
M nbL 50.4 2.2 48.8—52.7 51.5 2.1 50.1—52.6 52.0 1.0 51.5—52.9
MnbW 4.7 7.7 4.1—5.3 5.2 1.5 5.1—5.3 5.4 3.6 5.1—5.6
BcbH 29.1 2.1 27.9—29.8 29.7 3.3 28.3—30.6 29.7 2.4 28.5—30.4
BcC 19.3 7.8 17.7—22.0 20.5 11.6 17.3—22.6 20.1 5.7 19.0—22.1
RstA 59.0 4.3 57.0—65.0 59.2 3.6 56.0—61.0 59.7 3.3 57.0—62.0
xC. V. 3.7 3.5 3.0



of abbreviations) in  M. m artes from  Poland, according, to  sex and age groups. X: mean, 
variation. To sim plify the table, only num ber of skulls (in brackets) of each group is 
of skulls.

Males (n = 133)
Juveniles (n=33 Subadults (n=43) Adults (n=57)

X C. V. O. R X C. V. O. R -X C. V. O. R

82.7 2.3 77.9—86.2 84.2 1.7 80.9—87.7 85.6 1.7 82.0—87.9
84.5 2.3 79.4— 87.6 86.5 1.6 83.5—89.3 88.6 1.7 85.5—92.3
38.0 3.3 35.1—40.3 38.6 2.8 36.3— 10.6 39.3 2.7 36.6—41.8
53.5 2.9 50.0—56.6 54.3 2.5 51.3—57.1 55.4 2.5 51.6—60.0
39.9 3.2 31.3—35.7 34.7 2.5 32.8—36.9 35.3 2.7 33.5—38.7
30.0 4.4 27.1—34.8 30.7 4.5 28.7—35.7 31.1 2.9 29.1—35.2
40.8 3.1 37.8—43.2 41.6 2.6, 38.7— 13.5 42.3 2.9 40.0—45.0
46.4 3.4 41.9—48.8 47.9 2.8 42.4— 50.1 51.1 3.2 47.6—55.2
23.4 4.4 21.5—25.5 24.2 4.8 21.7—28.6 25.9 - 5.3 23.2—29.9
20.0 4.5 18.7—22.7 20.7 3.9 19.2—23.4 21.5 3.1 19.6—22.9
19.7 7.0 16.9—22.7 19.5 7.1 15.6—21.9 19.1 6.5 15.8—21.3
38.8 3.0 3 6 .3 ^ 1 .0 39.6 2.7 36.7—42.0 40.6 2.4 38.0—43.0
22.5 3.9 21.2—24.3 23.3 3.3 21.3—24.9 23.8 3.5 21.8—25.8
17.0 3.7 15.5— 18.0 17.2 2.3 16.4— 18.1 17.7 2.7 16.6— 18.7
4.8 4.9 4.2—5.1 4.9 4.1 4.5—5.4 4.7 3.9 4.3—5.2
9.9 4.7 9.0—11.2 10.0 3.6 9.2— 11.0 9.9 2.8 9.1— 10.6

34.5 2.0 33.0—35.6 34.9 2.1 33.4—36.6 35.6 2.4 34.0—37.5
23.9 3.8 22.2—26.1 24.3 3.5 22.6—26.3 25.0 3.6 22.5—27.1
55.2 3.1 51.6—58.8 56.7 1.9 54.8—59.5 58.0 1.8 56.1—60.3

5.8 8.2 5.0—6.8 6.4 6.3 5.6— 7.6 7.2 8.6 5.5—8.5
31.7 2.6 30.1—33.2 31.9 2.4 30.4— 33.9 32.4 3.2 29.7—35.9
22.9 7.2 18.9—24.8 22.7 7.3 19.0—26.0 22.6 7.8 18.1—25.8
50.5 3.5 47.0—54.0 51.0 3.2 47.0—55.0 51.7 3.9 47.0—56.0

4.0 3.5 3.6

See Table 1 for explanation  of symbols.

Males (n :=25)
Juveniles (n=4) Subadults (n=9) Adults (n=12)

X C. V. O. R X C. V. O. R X C. V. O. R

80.4 1.5 78.7—81.4 81.1 1.7 78.2—82.3 82.4 1.6 80.7—84.9
83.4 1.3 82.3—84.7 85.3 1.7 82.6—86.7 86.7 1.6 83.6—88.3
37.2 1.4 36.8—38.0 38.1 1.7 36.7—38.9 38.5 1.8 37.6—40.0
52.8 1.9 51.8—54.1 54.0 1.7 52.4—55.2 55.6 2.2 54.4—57.9
32.8 3.3 31.8— 34.3 33.4 2.9 31.7—34.6 34.5 2.4 33.0—35.6
29.1 2.6 28.4— 30.1 29.2 2.8 28.2—30.7 29.7 2.3 28.7—30.9
38.8 2.8 3 7 .6 -4 0 .0 38.4 1.6 37.4—39.2 39.6 2.3 38.2—40.9
47.8 3.1 46.1—49.4 49.3 2.7 47.3—51.5 52.3 2.9 51.0—55.6
25.8 2.1 25.3—26.4 26.3 2.9 25.2—27.2 28.2 4.0 26.1—30.0
21.5 4.9 20.7—23.0 21.6 2.9 21.1—23.2 22.9 3.6 22.0—24.2
17.5 4.6 16.6— 18.0 20.0 4.5 18.5—21.1 19.8 6.1 18.3—21.5
37.7 2.3 36.8—38.7 38.4 2.4 36.3—39.5 39.6 2.6 37.8—41.4
24.3 2.4 23.7—25.0 24.8 3.7 23.5—26.3 24.8 3.6 23.8—26.4
17.3 2.8 16.7— 17.9 17.6 3.6 16.8— 18.5 18.3 1.6 17.9— 18.8

4.7 3.7 4.4—4.8 4.7 3.8 4.4—4.9 4.8 3.2 4.5—4.9
9.8 5.5 9.0—10.3 9.7 4.6 8.7— 10.2 10.0 4.3 9.3— 10.9

33.7 1.8 33.1—34.6 33.4 1.6 32.7—34.3 . 34.1 2.8 32.6—35.9
25.0 5.9 23.7—27.2 25.1 2.6 24.4—26.4 26.6 2.2 25.7—27.7
54.0 1.5 53.3—55.0 54.8 1.7 52.9—55.9 55.9 1.7 54.7—57.7

5,9 7.6 5.2—6.3 6.5 3.8 6.1—6.9 7.5 6.5 6.7—8.3
30.3 2.8 29.3—31.2 31.2 2.4 30.4—32.5 31.8 1.4 31.2—32.5
21.1 2.2 20.6—21.7 23.2 7.2 22.2—25.0 22.2 7.5 20.0—24.7
57.2 3.8 55.0—60.0 58.7 2.3 57.0—60.0 60.6 4.3 58.0—65.0

3.1 2.9 3.2
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Stepwise discriminant analysis provided a set of three traits, out of the 
23, being sufficient to separate males and females maximally, explaining 
100% of the total variance. In M. martes these three measurements were 
ZyW, CmL and PtL, all of them with similar contributions to the ca­
nonical variable (Fig. 4). In M. foina, the same analysis resulted in a 
combination of CbL, ZyW and MndW, both CbL and MndW showing 
high contributions into the canonical variable (Fig. 4). Classification 
of specimens following the DF was 100% correct in both species.

3.2. Age Variation

Although the number of age groups was small for an analysis of onto­
génie process, the three groups considered allowed a general view of the 
characters and regions of the skull which exhibited variation connected 
with age.

Table 3
Results of ANOVA between adu lt males and females of 
each species in the 23 skull m easurem ents and th ree in­
dices. F  values were highly significant (pcO.OOl) in all 
traits, except RstA (not significant), d.f: degrees of free­
dom. %D: percentage of difference between m eans in 
both sexes [(x m ale-x fem ale)/x  femalexlOO], X %D: 

average of %D in the 23 m easurem ents.

M eas./Indx. M. martes M. foina
%D F l %D F2

CbL 8.7 364.6 4.8 39.2
PrL 9.4 380.7 5.9 54.5
FcL 8.6 142.4 6.1 49.3
BcL 8.9 177.6 7.3 25.3
CmL 11.9 282.6 9.5 88.0
MxtL 11.4 160.6 4.9 25.1
PtL 10.7 251.9 7.3 35.7
ZyW 12.9 327.0 8.7 50.2
EorW 13.2 135.2 13.3 24.0
IorW 10.9 132.1 10.6 44.1
PorW 10.5 35.7 12.5 23.4
Mstw 8.9 173.5 7.0 13.6
BmW 7.6 54.4 3.8 2.8
RtrW 11.4 266.1 9.6 106.6
LcL 10.2 117.4 14.3 45.6
LmL 9.1 123.2 9.3 17.7
MntL 9.9 346.5 6.2 25.4
MnbH 13.2 178.0 13.7 123.6
MnbL 10.7 438.7 7.5 97.9
MnbW 46.7 267.2 38.9 105.3
BcbH 10.1 120.5 7.1 58.3
BcC 22.9 84.6 10.4 10,8
RstA 0.02 (ns) 1.5 (ns)
X%D 12.1 9.5
MndW/MndL 32.4 191.1 24.9 65.2
MndW /BcbH 33.2 208.0 26.7 119.7
M ndW /Prl 34.1 194.5 25.8 82.2

1 df = 1,80; 2 df =■ 1,17.
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Four different ANOVA test were made among the three age classes, 
separating skulls by sex and species. Results indicated that MndW, 
MndL and ZyW are the measurements with maximum significance for 
age variation in both species (Tables 4, 5). Other mandible traits also 
showed highly significant differences, which accounts for the continu­
ous mandibular growth found by Pavlinov (1977) in M. martes. In M. 
foina, F values were very low, especially in females. This reduced sig­
nificance, rather than denote less age variation, might be explained as 
an artifact connected with the reduced and uneven sample size, since 
values of % D between juveniles and subadults were even higher than

Table 4
Differences between the th ree age classes considered in  females and males of 
M. martes. %D: percentage of d ifference between_m eans of juveniles and 
adults [(IT adu lt — x juvenile)/ x  juvenile xlOOj. x %D: average of %D for 
each sex in the 23 m easurem ents. F: significance of the differences obtained by 
ANOVA between the three age groups, d .f j  degrees of freedom Asterisks indi­
cate the degree of significance of pairw ise com parison of m eans by i—test be­
tw een juvenile and subadult (Juv/Sba); subadult and adu lt (Sba/Ad). * * * 
p<0.001; ** p<0.01 * p<0.05; — not significant. All F values w ere highly sig­

nificant (p<0.001), unless otherw ise marked.

M eas./Indx %D F 1 F2 Juv/Sba Sba/A d

9 ? Cfcf 9 9 cfcf 9 9 cfcf 9 9 cfcf

CbL 2.7 3.5 14.0 32.0 * * 9*9 9 *99
P rL 3.0 4.8 14.7 60.0 * • *9* 9* 99*
FcL 3.3 3.4 12.1 12.4 * * * 9 --- 9 9
BcL 2.3 3.6 7.4 17.7 — 9 9 9 9 99*
CmL 3.1 4.2 13.2 21.5 9*9 9*9 --- *9
M xtL 2.4 3.6 — 7.8 _ _ _- *
PtL 2.2 3.6 6.7** 14.7 * * • --- 9
Zyw 4.3 10.2 20.2 97.6 9*9 *** 9 99*
EorW 4.2 10.7 13.1 41.8 9 * * 9 9 _ 9*9
IorW 3.9 7.4 8.7 32.9 999 9 9 _ *99
PorW —6.3 —2.9 9.2 — — _ 9*9 —
MstW 3.4 4.6 10.3 28.9 * * * * --- 9 9 *
BmW 4.0 5.7 7.6 22.3 * 9 it 9 _ * 9
RtrW 3.6 4.5 7.7 27.5 • — — 9*9

LcL 1.1 —1.0 _ _ _ _ _
LmL 0.8 0.5
MntL 3.1 3.2 15.5 21.5 *** « _ 9*9
MnbH 3.5 4.9 7.2 18.3 * * 9 _ 9 9 9
MnbL 3.7 5.0 22.9 46.9 *99 99» _ 9 9 9
MnbW 13.6 23,9 14.5 74.5 ** 9 *9 9 — 999

BcbH —1.2 2.2 _ 6.4** _ _ _ * *
BcC —4.0 —1.3 — — — --- * ---
RstA —0.3 2.4 — 4.1* --- — — —

Y
л % п

PorW /ZyW

2.3

—10.3

4.5

—9.8 20.8 24.5 * * 9  * * 9 *

MndW/PorW 20.9 28.6 21.3 68.7 * * *9 9 9 9  9 *  9  *

MndW/BcbH 10.2 22.9 21.7 82.8 9 9 9 9 *  9  9

'd f= 2 , 100; г=2, 130.
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in M. martes (Tables 4, 5). Width measurements exhibited higher F values 
than length ones, while the only ones related to height of the skull had no 
significant differences except in males (Tables 4, 5). Characters related to 
tooth size varied independently of age (Tables 4, 5). Pairwise comparison 
between contiguous age groups revealed significant differences between 
subadults and adults, especially in male specimens (Tables 4,5), indicat­
ing that growth of the skull continues after the first year of age. Sexual 
differences were observed in the age variation of the characters. Males 
showed greater differences between juvenile and adults (%D) and more 
significant differences (F values) among age classes. Differences between 
age class II and III were also more significant among males. Specific 
differences were observed in the growth of traits related to the braincase 
region of the skull. BcC decreases with age in M. martes and the opposite 
was found for M. foina, although F values were not significant in the two 
species. BcL showed high significant age variation in males of M. foina,

■ ' Table 5
Differences between the three age classes considered in females and males of 

M. foina. See Table 4. for explanation of symbols.

M eas./Indx %D F 1 F2 Juv/S ba Sba/A d
9? C 99 cr a 99 cTcf 99 cfcf

CbL 3.3 2.5 6.0** 4.2* _ _ _ *
PrL 3.2 4.0 5.5** 8.5** — * — ---
FcL 2.1 3.3 — 5.1* — * — —
BcL 3.8- 5.5 — 10.6 __ __ * *
CmL 2.4 5.1 — 5.5** — --- — *
M xtL 3.5 2.4
PtL 3.5 1.9 3.7* 4.6* * --- — * *
Zyw 6.3 9.5 7.0** 17.7 __ __ __ * * *
EorW 3.7 9.4 __ 13.1 __ __ __ ***
IorW 2.6 6.9 — 7.5** — --- — * *
PorW —4.6 13.2 12.4 6.6** * • • * * ** • *
MstW 2.5 4.9 — 6.0** — --- — *
BmW 7.2 2.1 4.6*
RtrW 2.3 5.8 — 9.7** * — --- * *

LcL 2.0 1.7
LmL —0.3 1.7
M ntL 3.0 1.1
MnbH 2.1 6.3 — 11.3 — --- — #**
MnbL 3.0 3.5 4.7* 7.3** __ __ __ *
MnbW 15.4 27.6 12,2 29.2 * * * — * **

BcbH 2.2 4.8 - 7.0** . * __ __
BcC 4.0 5.4
RstA 1.2 5.9 — 4.0* — — — ---

X

PorW/ZyW

3.2

—10.7

5.8

10.1 18.6 5.2 *♦ * * *
MndW/PorW 24.1 9.0 16.5 8.6 --- --- ** ** *
MndW/BcbH 8.2 23.6 10.4 38.0 ** * * — * * *

1df=2, 19; 2=2,- 22.
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but very low in M. martes (Tables 4,5). Finally, age variation in the height 
of the braincase was also very different in both species, %D being much 
more larger in M. foina (Tables 4, 5). Some skull proportions changed 
more significantly with age than single traits. Among them, ZyW/PorW, 
BcbH/MndW (Buchalczyk & Ruprecht, 1977) and PrL/MndW, the last 
two being the most significant (Tables 4, 5). These results suggest allo- 
metric growth of MndW and ZyW, relative to the rest of measurements.

To investigate the association between measurements which synthe­
sized distinct patterns of age variation, principal factor analysis (PFA) 
was performed in both species separately for males and females, using a 
data matrix in which skulls of the three age classes were pooled. In M. 
martes results were similar for males and females, the first three princi­
pal factors (PF) accounting for more than 87% of the total variance 
(Tables 6, 7). PF I and PF II clearly separates the measurements in 
length and width, respectively, while PF III joins those related to the 
braincase (Tables 6, 7). This third factor is characterized by negative 
loadings from various measurements indicating shape variation. BmW 
and tooth measurements showed low loadings in the three PF. In M. 
foina four PF were obtained, results being different for males and fe­
males. In males the first three PF related width, length, and braincase 
measurements, respectively, while PF IV had only positive loadings 
from PorW (Table 8). In comparison with M. martes, the results found 
in M. foina differ in the relative significance of each PF. In the latter 
species, length and width factors showed similar contributions to the 
total variance explained (Table 8), while in M. martes, the length factor 
explained two times more variance than the width one (Table 6). PFA 
of females in M. foina resulted in non-meaningful factors, the first 
four PF only explaining 84.1% of the total variance (Table 9). This re­
sult must be related to the low F values obtained for age variation and 
the small sample size metioned above.

3.3. In te r-p o p u la to n  V aria tion  in  itf. m arten

Eleven measurements exhibited signficant differences between pop­
ulations of adult males of M. martes. The results of ANOVA of the 
four samples considered showed that width and height of the skull 
show the highest significant differences (Table 10), MndW and MstW 
exhibiting the highest F values (Fig. 5).

Pairwise comparison of the four populations indicates that the re­
sults found by ANOVA are mainly due to differences between the Bia­
łowieża population and the other three. Wielkopolska and Silesia 
samples exhibited the most significant differences form the Białowieża 
one, skulls from the latter population being the smallest of the whole
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Polish territory. Table 11 shows the values of CbL in the four popula­
tions of M. martes.

3.4. Species D ifferentiation

Although general appearance of the skull is distinctive in both species 
(Anderson, 1970), accurate identification based on skull measurements 
alone needs special indices (Altuna, 1973) or multivariate methods 
(Gerasimov, 1985), since measurements overlap widely (Tables 1, 2). 
Generally speaking, in the material examined, the skull of M. martes 
is more elongated, narrower and more flattened than that of M. foina.

Table 6
Rotated factor loadings of the first 
three principal factors (PF) derived 
from  23 skull m easurem ents of males 
of M. martes from the three age classes 
pooled. These factors account for 
86.9% of the to tal variance. VE: per­
centage of variance explained by each 
factor. M easurem ents have been rea r­
ranged so th a t the columns appear in 
decreasing order of variance explained 
by factors. Rows have also been rea r­
ranged so th a t for each successive fac­
tor, loadings g rea ter than  0.500 appear 
first (Dixon, 1987). To facilita te the 

' identification of the m easurem ents as­
sociated in each factor boldface was 
used to show those m easurem ents hav­
ing highest loadings in  a particu lar 

factor.
Meas. P F I PF П PF Ш

CbL 0.906 0.255 0.045
PrL 0.885 0.238 0.002
MndL 0.858 0.161 —0.020
PtL 0.853 —0.018 0.175
MntL 0.813 0.211 —0.039
CmL 0.803 0.156 0.053
Fcl 0,746 0.223 —0.064
MndW 0.736 0.452 —0.018
RstW 0.666 0.277 0.063
MndH 0.642 0.387 0.252
BcL 0.579 0.181 —0.028
MxtL 0.553 0.071 0.037
EorW 0.343 0.732 0.007
ZyW 0.560 0.660 0.039
MstW 0.534 0.626 0.040
RstA —0.239 0.625 0.126
IorW 0.434 0.623 —0.003
BcbH 0.270 —0.018 0.901
BcC 0.120 —0.005 0.816
PorW —0.162 0.192 0.788
LmL 0.364 0.016 0.089
BmW 0.359 0.403 0.058
LcL 0.306 0.136 0.144
VE 51.3% 18.9% 16.7%
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An ANOVA was performed separately for each sex, pooling together 
adult and subadult specimens. This pooling of age groups helped to solve 
the problem of small sample size in M. foina compared to M. martes.

With the exception of BcC, all measurements showed significant dif­
ferences, in one or both sexes (Table 12). RstA was the character with 
highest F, being the only one with no overlap between species when 
groups of the same sex and age are compared (Tables 1, 2, Fig. 6). Two 
character ratios showed large differences among species. These ratios 
were relating length and width of the skull: RstA/PtL and RstA/CbL 
(Table 12). Plotting of PtL against RstA allowed clear separation of 
species in both sexes (Figs, 7, 8). This difference between species in 
PtL must be related to the shape of the posterior edge of palatine 
which is usually more developed in M. martes (Vericad, 1970).

Specific differences were found to be different in males and females,

Table 7
R otated factor loadings of the first 
th ree principal factors (PF) derived 
from 23 skull m easurem ents of fe­
males of M. m artes from the three age 
classes pooled. These factors account 
for 87,6% of the to ta l variance. VE: 
percentage of variance explained by 
each factor. M easurem ents have been 

rearranged as in Table 6.

Meas. P F I PF II p f  m

CbL 0.903 0.255 0.160
MndL 0.872 0.363 0.001
PrL 0.859 0.382 0.110
PtL 0.827 0.076 0.179
M ntL 0.817 0.206 0.070
CmL 0.703 0.209 0.098
FcL 0.697 0.203 0.216
BcL 0.632 0.246 0.196
MstW 0.586 0.566 0.281
MndH 0.545 0.430 0.306
MxtL 0.500 0.140 0.114
EorW 0.256 0.813 0.090
ZyW 0.390 0.794 —0.044
IorW 0.344 0.757 0.077
MndW 0.569 0.679 0.039
RstA —0.178 0.593 0.094
RstW 0.518 0.530 0.217
BcC 0.259 —0.086 0.987
PorW —0.008 —0.006 0.646
BcbH 0.359 0.355 0.626
BmW 0.438 0.396 0.117
LcL 0.435 0.139 0.323
LmL 0.476 —0.026 0.156
VE 46.6% 26.5% 14.5%
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some characters exhibiting significant differences only in females, and 
vice versa. Eight traits, out of the 23, had significant differences in 
both males and females, eleven had significant F only in males, and 
three only in females. Males had higher F values in the group of length 
measurements, PtL and CbL being the most different between both 
species (Table 12). However, the opposite was found in females, in 
which ZyW and RtrW had the highest F values (Table 12). Sexual dif­
ferences were found also in the relative size differences (%D) between 
the species. Females of M. foina are, on the average, 3.2% larger than. 
M. martes (Table 12). However, in males the average of %D was close 
to zero, although differences were more apparent than in females, 
exhibiting an opposite trend between length and width measurements. 
M. martes is longer, while M. foina is larger in width (Table 12). The 
largest %D were found in RstA, EorW, BmW, and MndW.

Accepting that the rostral angle is the best discriminating metrical 
character, a dividing point was determined for separation of the spe-

Table 8
R otated factor loadings of the first four principal 
factors (PF) derived from  23 skull m easurem ents 
of m ales of M. foina  from the three age classes po­
oled. These factors account for 85.6% of the total 
variance. VE: percentage of variance explained by 
each factor. M easurem ents have been rearranged 

as in Table 6.

Meas. PF I PF  II PF III PF TV

lorW 0.818 0.079 0.066 0.091
ZyW 0.804 0.207 0.342 0.091
EorW 0.801 0.129 0.057 0.263
RtrW 0.761 0.253 —0.022 0.074
MstW 0.719 0.139 0.034 0.040
MnbW 0.716 0.451 0.282 0.277
RstA 0.668 —0.241 0.443 —0.100
MnbH 0.604 0.278 0.225 0.039
Bel 0.601 0.337 0.484 0.112
MntL 0.006 0.899 —0.179 0.219
MxtL 0.074 0.819 0.404 0.036
MnbL 0.455 0.796 0.061 0.301
PtL 0.395 0.774 —0.095 —0.211
LmL —0.071 0.719 0.282 —0.016
CbL 0.439 0.714 0.023 0.107
CmL 0.412 0.683 0.265 0.213
PrL 0.488 0.644 0.316 0.295
BmW 0.083 0.072 0.762 —0.016
BcC 0.049 —0.138 0.700 0.342
BcbH 0.447 0.365 0.578 0.339
PorW 0.157 0.134 0.164 0.841
LcL 0.074 0.103 0.421 —0.010
FcL 0.268 0.457 0.156 0.445
VE 31.7% 29.9% 16.7% 9.3%
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Fig. 6. Observed ranges, means, and 99% confidence intervals of rostral angle (°) in i l l  
martes and M. foina, of the th ree age classes (males and females pooled). J: juveniles, S: 

subadult, A: adult. D ividing point of 54.9° is m arked, see the tex t for fu rther details.
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circle) and i l l  foina  (open circle) to show the seperation of species. A dults and subadults

pooled.



612 S. Reig & A. L. Ruprecht

Table 9
R otated factor loadings of the  first four p rincipal 
factors (PF) derived from 23 skull m easurem ents 
of females of M. fo ina  from the three age classes 
pooled. These factors account for 84.1% of the to­
ta l variance. VE: percentage of variance explained 
by each factor. M easurem ents have been rea rrang ­

ed as in Table 6.

Meas. P F I PF II PF III PF TV

BcC 0.929 —0.033 —0.015 0.093
MnbH 0.757 0.207 0.136 0.064
PrL 0.657 0.582 —0.019 0.412
CbL 0.586 0.552 0.030 0.362
BcbH 0.568 0.180 0.473 0.418
BcL 0.536 0.254 —0.019 0.464
MnbL 0.505 0.765 0.070 0.374
MntL 0.322 0.745 0.010 0.517
CmL 0.577 0.623 —0.126 0.124
P tL 0.348 0.567 0.108 0.477
MstW 0.058 0.522 0.240 —0.165
IorW 0.047 0.186 0.842 0.185
BmW —0.143 0.157 0.796 0.287
MnbW 0.365 0.201 0.729 0.256
EorW 0.067 —0.124 0.705 —0.061
ZyW 0.395 0.579 0.633 0.057
M xtL 0.079 0.259 —0.181 0.782
RtrW —0.034 0.061 0.413 0.779
FcL 0.306 0.471 0.310 0.283
LcL 0.253 0.165 0.058 0.499
PorW 0.118 —0.428 0.084 —0.096
RstA —0.068 —0.259 0.496 —0.204
LmL 0.335 0.019 0.174 0.438
VE 23.8% 20.7% 20.3% 19.3%

Table 10
M easurem ents showing significant differences between adult m ales of M. 
martes from  4 Polish populations. M: Pom erania and M asurian Lake Re­
gion; W: W ielkopolska—K ujaw y Lowlands; B: Białowieża Prim aeval For­
est; S: Low er and U pper Silesia. N um ber of skulls in brackets. F  values 
w ere obtained by ANOVA. Asterisks indicate the degree of significance of 
pairw ise com parison of means by  t-test between M asurian and W ielkopol­
ska populations (M/W); M asurian and Białowieża (M/B); W ielkopolska and 
Białow ieża (W/B); and Silesia (B/S).

*** pcO.OOl; ** p<0.01;* p<0.05; — not significant.

Meas. F M(16) W(17) B(6) S ( l l ) M/W M/B W/B B/S

PrL 3.3* 88.5 89.5 87.7 88.3 * __ # ł __
ZyW 3.3* 51.5 51.8 49.6 50.8 --- _ *» —
EorW 6.4** 26.1 26.3 24.0 26.0 --- **# *** * *
IorW 6.0** 21.6 21.6 20.6 21.9 --- *** ** ♦ * *
MstW 8.4** 40.5 41.2 39.2 40.9 * * * * * **
RtrW 3.4* 18.0 17.7 17.3 18.0 --- *+ _ * *
BcbH 5.9* 32.3 33.1 31.4 32.9 * _ * * * * *
M ndH 4.3* 24.8 25.4 24.3 25.6 * _ + * * *
MndW 8.9** 7.2 7.6 6.4 7.3 * *** **» ***
RstA 5.1* 51.7 52.3 49.4 52.6 -- ** *** ***
BcC 3.9* 22.0 22.9 20.4 22.8 * _ * *
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cies. We assumed that RstA is normally distributed and, therefore, the  ̂
dividing point corresponds to the value of the middle within 2.6 stand­
ard deviations (99% confidence interval) from the mean of RstA in

Table 11 .
Sam ple sta tistics of condylobasal length in  adult specimens of M. martes in  four Polish 
populations, n: num ber of skulls; X: average; C. V.: coefficient of variation; 0 . R.:

observed range.

Population Females Males

n X C.V. O.R. n X C.V. O.R.
Pom erania and 
M asurian Lake Region 3 78.6 1.1 77.6-79.4 17 85.4 1.7 82.1-87.7
W ielkopolska Kuj awy 
Lowlands 7 79.7 2.8 77.5-84.1 18 86.1 1.5 83.3-87.8
Białowieża P nm aeval Forest 2 78.4 1.6 77.5-79.3 6 84.2 2.7 80.9-87.5
Lower and  U pper Silesia 3 79.1 2.3 77.9-81.2 11 85.0 1.5 83.7-87.9

Table 12
Differences between M. martes in  both sexes. %D: 
procentage of diference between m eans in both  spe­
cies [(x M. foina  — x  M. marten)!M. m artes x 100]. 
X%n: average of %D in the 23 m easurem ents. F  va­
lues were obtained by ANOVA between the two spe­
cies, adults and subadults pooled. F  values were 
highly signifcant (p<  0.001, unless otherw ise m ark­

ed.** p<  0.01; *p<  0.05 — not  significant.

M eas./Indx. %D F 1
9 9

F2
CTcT9 9 cfcf

CbL 0.01 —3.7 _ 60.9
PrL 1.2 —1.9 — 13,9
FcL 8.3 —1.9 — 7.7**
BcL 2.3 —0.1 5.2 —
CmL 0.1 —3.0 — 17.3
M xtL 1.2 —4,4 — 24.8
PtL —2.9 —7.0 15.0 102.3
ZyW 5.9 2.6 45.8 5.6*
EorW 8.4 8.5 24.1 31.1
IorW 6.6 5.3 27.5 25.4
PorW 1.8 3.2 — —
MstW —0.9 —2.8 — 15.2
BmW 7.2 5.2 22.2 30.8
RtrW 6.6 3.0 40.1 15.6
LcL —0.8 —2.0 — 3.9*
Lm L 0.9 —1.8 — 4.2*
M ntL —0.9 —4.2 —. 48.3
MnbH 6.3 4.8 28.0 26.4
M nbL —0.8 —3.5 — 43.7
MnbW 10.3 3.0 11.0** —
BcbH —0.03 —2.2 — 8.9**
BcC 7.1 0.04 — —
RstA 14.2 16.3 143.5 283.8
X%D 3.2 0.62
RstA/CbL 14.9 20.8 120.4 312.5
RstA /PtL 17.4 25.2 109.2 342.3

1 d f= l,6 9 ; 2 d f= l,119 ;
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each species (all groups of age and sex pooled). This results in a value 
of 54.9°, above which, specimes should be classified as M. foina and vice 
versa. Using this criterion, 98% of the skulls were correctly classified, 
97% of M. martes and 100% of M. foina (Fig. 6).

Principal factor analysis yielded three PF which explained 87.9 and 
85.5% of the total variance in males and females, respectively (Table 
13). Results were similar in both sexes, PF I was related to skull and 
mandible length, while PF II joined width measurements, RstA, MndH 
and MndW. PF III showed high loadings from traits related to the neuro­
cranium, such as BcC, BcbH, and PorW, which are characterized by 
little specific differences, and consequently with also little amount of 
variance explained. BcL, LmL, MstW and LcL are not clearly contrib­
uting to any of the three factors (Table 13). Attention must be paid to 
the fact that in the three PF, negative and positive loadings occur si­
multaneously. This suggests that, rather than size features, a general 
shape factor synthesized the differences between species. To estimate 
the effectiveness of PF to separate both species, PF I was plotted 
against PF II (Figs 9, 10).

Table 13
Rotated factor loadings of the first th ree princip ial factors (PF) showing differences be­
tw een M. martes and M. foina  in both sexes, adu lts  and subadult specim ens pooled. 
These factors account for 85.5% and 87.9% of the to tal variance in females and males, 

respectively. M easurem ents have been rearranged as in Table 6
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Meas.
Females Males

P F I PF II PF III P F I PF II PF III

CbL 0.842 0.194 0.059 0.951 —0.024 0.071
M ntL 0.797 —0.014 —0.077 0.892 —0.004 —0.064
PrL 0.795 0.340 0.069 0.877 0.293 0.152
MndL 0.777 —0.032 —0.006 0.943 0.136 —0.025
CmL 0.771 0.130 0.105 0.711 0.022 0.048
PtL 0.762 0.372 . 0.102 0.855 —0.225 0.057
FcL 0.587 0.249 0.037 0.683 0.081 0.180
BmW 0.562 0.123 0.090 0.634 —0.065 0.028
BcL 0.558 0.345 —0.031 0.449 0.421 0.264
ZyW 0.267 0.877 0.068 0.185 0.798 —0.040
RstA —0.289 0.848 0.143 —0.599 0.671 0.161
EorW —0.032 0.770 0.117 —0.055 0.856 0.064
IorW 0.091 0.751 0.135 —0.031 0.845 0.025
RtrW 0.385 0.683 0.080 0.182 0.734 0.086
CmW 0.210 0.681 0.042 —0.147 0.498 0.227
MndW 0.541 0.654 0.010 0.438 0.733 0.049
MndH 0.345 0.646 0.320 0.130 0.645 0.334
BcbH 0.303 0.029 0.828 0.547 0.209 0.535
BcC 0.037 0.191 0.776 0.193 —0.003 0.944
PorW —0.173 0.132 0.726 —0.032 0.098 0.602
LmL 0.406 0.110 0.181 0.449 0.049 0.104
MstW 0.389 0.169 —0.093 0.659 0.300 0.156
LcL 0.313 —0.045 0.303 0.447 0.175 0.154
VE 37.0% 31.0% 17.5% 45.5% 29.4% 12.9%



Stepwise discriminant analysis was performed, using a data matrix 
which included all groups of skulls. After five steps, the DF extracted 
explained 100% of the total variance, classifying correctly all cases 
(Fig. 11). Out of the five characters selected for the DF, three were re­
lated to width of the skull (MstW, RstA and Rtrw) and the other two
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to height of the skull {MndH and BcbH). The highest contribution to 
the discriminant function was not from RstA but from MstW, suggest­
ing that these two measurements are correlated, and therefore, some of 
the species discriminating usefulness of RstA is explained by its corre­
lation with MstW.

4. DISCUSSION 

4.1. M ethods

Integrated use of univariate and multivariate methods proved to be 
essential for the study of variability (Gould & Johnston, 1972; Panka- 
koski & Nurmi, 1986). Univariate analysis is needed because it pro­
vides specific information about the variation of particular traits or 
regions of the skull which may have special interest for taxonomical or 
biological reasons. Moreover, comparison of the results with other spe­
cies or other studies is only possible through single characters. On the 
other hand, multivariate methods enabled a better understanding of 
biological processes, which are more likely to be multidimensional 
complexes (Gould & Johnston, 1972; Wiig, 1985).

To describe the relationships between characters, factor analysis 
(Atchley, 1971 a; Wiig, 1985) was preferred instead of correlation of 
measurements by minimum squares (Cabon-Raczynska, 1964; Buchal- 
czyk & Ruprecht, 1977; Pankakoski & Nurmi, 1986). The main advan­
tages of this method in comparison to simple correlation were: (1) dif­
ferent sample size of the groups compared (age, sex, populations, spe­
cies) does not alter the results and meaning of the factors constructed, 
(2) the amount of variance explained by each association of measure­
ments (factor) can be calculated, (3) the associations between measure­
ments does not have a fixed structure but varies according to the dif­
ferent sources of variation analyzed (Tables 6, 7, 13), (4) instead of the 
pairwise associations between measurements provided by the co­
efficient of correlation, PFA present multiple set of measurements in 
meaningful subsets.

4.2. Sex Dimorphism

Skull proportions showed little sex dimorphism in both species. Differ­
ences between males and females were mainly related to general size 
of the skull, as occurs in most carnivores (Ewer, 1973). The average 
difference between sexes in the 23 characters indicate that sex di­
morphism was more apparent in M. martes than in M. foina (Table 3). 
However, in both species size differences between sexes were low in 
comparison with other mustelids. Using condylobasal length as a meas­
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ure of skull size (Hagmeier, 1958; Ralls & Harvey, 1985), adult females 
are 18.2% smaller in Mustela putorius (Buchalczyk & Ruprecht, 1977), 
16.3% in Martes pennanti (Erxleben, 17U) (Anderson, 1970), 15.5% 
in Mustela erminea Linnaeus, 1758 (Hall, 1951), while in M. martes 
and M. foina females are, respectively, only 8.7% and 4.8%, smaller 
than males (Table 3). Even a closely related species like Martes zibelli- 
na (Linnaeus, 1758), has larger sex dimorphism (10.0%, after Ander­
son 1970).

Two principal hypothesis are maintained to explain sexual di­
morphism in mustelids. One postulates that size differences between 
sexes reduce intraspecific competition for food (Brown & Lasiewski, 
1972; Powell, 1979; Moors, 1980; Powell & Leonard, 1983), while the 
other hypothesis claims that fighting between males for coupling 
in polygamous species had selected for increased male size (Erlinge, 
1979; Moors, 1980). Summarizing the first hypothesis as a direct cor­
relation between food competition and sex dimorphism, the results of 
this study would fully support this argument, knowing the generalistic 
feeding strategy of both species (Erlinge, 1986), specially M. foina. 
Moreover, detailed studies on the food of M. martes did not show 
differences between the food habits of males and females (Pulliainen, 
1981b; Marchesi, 1989).

Masticatory apparatus, in particular weight and height of the man­
dible, exhibited the most significant sex dimorphism in both species of 
martens (Table 3), as found by Rossolimo & Pavlinov (1974) in M. mar­
tes. This is a common feature small mustelids (Yurgenson, 1947; Pe­
trov, 1956), and has been explained also as a consequence of their 
sexual differences in food habits. Nevertheless, Wiig (1989) explaining 
similar features of the sexual dimorphism in Gulo gulo (Linnaeus, 
1758), suggested that female’s differences in the masticatory apparatus 
might be just a morphological expression of maintaining the same 
chewing efficiency in a smaller skull, since food habits are the same in 
individuals of both sexes. Such an explanation seems to be also valid 
for the two species of martens studied.

4.3. Age Variation

Proportions between measurements exhibited important age changes, 
suggesting allometric growth of the skull. Clear age changes were ob­
served in indices which combine PorW and BcbH, showing negative 
rate, with other characters. Weight of the mandible and zygomatic 
width of the skull were the traits exhibiting most significant age va­
riation (Tables 4, 5) as in most of mammals (Yablokov, 1974).

The division of the material into three age calsses was appropriate,



regarding the differences found between groups. Further division of 
the material into more age groups was not only limited by the number 
of skulls avilable, but also by the difficulties of determining new gro­
ups using only external features. Methods commonly used in carnivo­
res such as suture obliteration are not suitable for martens since most 
sutures are completely closed at very early age (Ryabov, 1962). On the 
other hand, Brown (1983) analyzing the age variation in M. americana 
(Turton, 1806) and having absolute age determined by cementum in­
cremental lines, suggested also the division of the material into three 
age groups for studies of cranial variation in martens.

The growing process of the marten skull is highly precocious. Rya­
bov (1962) found that CbL of males of M. martes from Caucasus region 
attain 88.6% of adult size (86.6% in the case of ZyW) at only two 
months of age. Two important consequences for our study are derived 
from this finding. The first one is that skulls older than five months 
(the material used in this study) reflect only a small fragment of the 
whole postnatal growth of martens. Secondly, age groups used corre­
spond to a period of stabilized growth process, when the animals are 
said to be already fully grown.

For these reasons, differences between juvenile and subadults exhib­
ited similar degree of significance than differences between subadults 
and adults, especially on males (Tables 4, 5). This growing of the skull 
after the first year of life agrees also with Rossolimo & Pavlinov 
(1974), who observed a slow, growth process prolonged throughout the 
life of the individual in M. martes, and also the existence of significant 
sex differences in the growth rates, females growing more rapidly than 
males. Nevertheless, our results for particular traits differ from that 
study because authors mentioned above used %D between means from 
both sexes as the main indicator of the significance of age variation, 
instead of considering F values obtained by ANOVA. Also in other 
carnivores like the European lynx (Wiig & Andersen, 1986) the skull of 
adult individuals continues to grow, specially in males.

In both species more than 60% of the total age variation was explain­
ed only by two principal factors, one joining most length traits, the 
other joining width traits. Noticeable differences between species were 
found in the relative importance of each of these two factors for the 
skull growth. In M. martes length factor was more important, explain­
ing 51.3% of the total variance, while the width factor only accounted 
for 18.9% (Table 6). On the contrary, in M. foina length and width 
factors showed similar amount of varinace explained (29.9% and 
31.7%, respectively, Table 8), the width factor being a little more im­
portant.
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Postorbital width was characterized by a progressive narrowing with 
age in both species. Previous studies in M. martes (Mal’dzhyunaite, 
1957), and M. foina (Róttcher, 1965) agree with this results, although 
the significance of the age variability of this trait in M. martes and M. 
foina was first quantified in this study (Tables 4, 5). Negative growth 
of postorbital width is also a common feature in other mustelids, like 
Martes americana (Brown, 1983), M. putorins (Buchalczyk & Ruprecht, 
1977), and also in other mamals e.g. Ondatra zibethicus (Linnaeus, 
1766) (Pankakoski & Nurmi, 1986). Age variation of this measurement 
must be related to overall changes in the brain case capacity (Wiig, 
1982), since the results of factor analysis indicated that this measure­
ment is associated with BcC and BcbH.

4.4. V ariability  betw een Populations in M. m artes

The observed differences between the Białowieża population and the 
rest of Polish territory, accords with the north-south axis of skull in­
crease found by Reig (1989). However, the similarity of Wielkopolska 
and Masurian samples (Table 10) suggest that results are mainly due 
to distinctive features of the Białowieża population. Similar results 
were also observed in Mustela putorius (Buchalczyk & Ruprecht, 
1977), and in two species of Erinaceus (Ruprecht, 1972). Among the 
eleven traits showing significant differences between populations, 
MndW, ZyW, and EorW are charactreized also by an important age 
variation, while others like RstA or BcC showed low age variation. 
This may suggest that the differences observed between populations 
are not only related to environmental factors affecting skull growth, 
but with phenetical peculiarities of the Białowieża population.

4.5. Species D ifferentiation

Rostral angle (RstA), despite being a trait very seldom used in cranio- 
metrical studies of mammals, proved to have an important taxonomic 
value in European martens since it allowed the distinction between 
M. martes and M. foina. Fully accurate identification of both species 
is, however, better achieved using non-metrical traits (Anderson, 1970; 
Wolsan et al., 1985; Steiner & Steiner, 1986). Among most frequently 
used metrical characters for this purpose are the distance between 
foramina mentalia (Gaffrey, 1953) which is not fully precise because 
of the great variability of these openings and the index between 
some interorbital measurements (Altuna, 1973) which has the main dis­
advantage of being based on a graphic representation. However, 
using RstA, no overlapping between species was obtained when groups
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of the same sex and age were matched (Tables 1, 2). The accuracy of 
this trait was high; 98% of the complete collection of skulls (n=283) 
were correctly calassified into species using a dividing point of 
54.9°(Fig. 6). Moreover, RstA has the advantage of exhibiting very lit­
tle variation with age or sex, not significant in most of the cases.

Considering the association of measurements by principal factor 
analysis, RstA seems to be related to width of the skull (Tables 6, 7, 8, 
9), although it is not coincident with width measurements as concerns 
pattern of age and sex variation (Tables 3, 4, 5). An attempt was made 
to separate both species using indexes based on combinations of anoth­
er measurements than RstA, but related to this region of the skull, as 
ZyW, RtrW, FcL and PtL (Fig. 3). However, results were not satisfac­
tory, suggesting that RstA reflects a more camplex ratio between 
width and length of the skull.

The final conclusion in that the patterns of variability are distinct in 
two species showing remarkable morphological similarities. Differ­
ences were concerning not only particular traits reflecting the most sig­
nificant changes related to sex or age, but also the main pattern of 
skull variability. Most of the morphological changes in the skull of 
martens due to sex or age variation were explained by the association 
of measurements into a length and a width factor. However, in each 
species the relative importance of these factors to explain the variabili­
ty observed was different, and in some cases opposite. The most sub­
stantial testimony of this argument was the clear separation of species 
by plotting these two factors (length and width of the skull) against 
each other (Figs. 9, 10).

An alternative explanation for distinct variability patterns in these 
marten species, besides their different ecological characteristics, is 
connected with the phylogeny of the genus Martes, since both species 
are considered to belong to separate phylogenetic groups. M. martes is 
much closer to M. zibellina, M. melampus (Wagner, 1841), and M. ame­
ricana than to M. foina (Anderson, 1970; Wolsan, 1986).
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ZMIENNOŚĆ MORFOLOGICZNA CZASZKI KUNY LEŚNEJ I KAMIONKI Z POLSKI

Streszczenie

Zbadano zmienność 23 pom iarów czaszkowych oraz kilku w skaźników ilorazowych na 
m ateriale 236 czaszek M. martes (133 samców i 103 samic) i 47 czaszek M. foina  (25 sam ­
ców i 22 samic) z terenu Polski w aspekcie pici i wieku. Liczniejszy m ateria! M. m artes 
badano w 4 grupach regionalnych (Pojezierze Pomorskie i M azurskie, N izina W ielkopol- 
sko-K ujaw ska, Puszcza Białowieska oraz Góm y i Dolny Śląsk). Wyróżniono 3 grupy 
wiekowe w oparciu o datę  odłowu i stan  zachow ania szwów czaszkowych a także sto­
pień starcia zębów i wykształcenia grzebienia strzałkowego. Oba gatunki kun odznacza­
ją się wyraźnym dymorfizmem płciowym w wym iarach czaszki — samce są większe od 
sam ic przeciętnie o 12,1% u kuny leśniej i 9,5% u kam ionki (Tabela 3). Zaznacza się on 
przede wszystkim w okolicach czaszki związanych funkcjonalnie z przyjm owaniem po­
karm u. Najsilniej zaznaczone różnice wiekowe obserwowano w przypadku masy i d łu ­
gości żuchwy (MnbW i MnbL) oraz szerokości jarzmowej (ZyW), wyraźniej w idoczne u 
kuny leśnej (Tabela 4 i 5). Zmiany wiekowe czaszki badane m etodą analizy czynnikowej 
u M. m artes widoczne są z reguły w  pom iarach długościowych, w mniejszym stopniu w 
szerokościowych (łącznie oba czynniki stanow ią 70%). U M. fo ina  natom iast m etoda 
analizy czynnikowej ujaw niła tendencję odw rotną, z tą różnicą że oba czynniki pozosta­
ją w proporcji 1:1 (Tabela 6— 8). Obydwa gatunki kun najlepiej różnicuje ką t rostralny 
(RstA), który u  Ai. martes jest ostiy  u  M. foina  bardziej rozw arty. Porów nanie w obrębie 
trzeciej grupy wiekowej samców ujawniło 11 różnic populacyjnych w pom iarach czaszki 
między kunam i leśnymi z Puszczy Białowieskiej i pozostałym i trzem a populacjam i (Po­
jezierze Pomorskie i Mazurskie, N izina W ielkopolsko-Kujawska oraz Dolny i Gómy 
Śląsk) (Tabela 10).


