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To describe the variation and asymmetry patterns in 220 pine
martens, Martes martes (Linnaeus, 1758), and 43 stone martens,
Martes foing (Erxleben, 1777), from Poland, some {eeth were measured,
five groups of morphotypes were distinguished, and congenital oligo-
donties were counted. Dental characteristies for distinction between
M. martes and M. foina, including a few originally described ones,
are presented. All the characteristics show the overlapping ranges
of variation in more numerous samples. Hence, as many traits as
possible should simultaneously be taken into consideration to increase
the probability of correct species determination, Sexual dimorphism is
involved not only in tcoth size, with males being generally larger than
females, but also it affects both tooth shape and the ability for
congenital tooth loss. Both variation and asymmetry are generally lower
for the central cheek teeth than for the peripheral ones, which is
related to the gradient of tooth shape and size. In addition, there is
a relationship bhetween the frequencies of the morphotypes and the
asymmetry in their occurrence: the more frequent a morphotype is
the less asymmetry there is in its oceurrence. The tooth wvariation
reflects the evolutionary trends in the lineage of the species, throwing
light on their ancestry and on the potential direction of microevolu-
tionary changes.
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1. INTRODUCTION

An anatomical system yielding the most information about mammals
is undoubtedly their dentition (Gingerich, 1976, 1977, Gingerich & Simons,
1977, Gingerich & Winkler, 1979), The study of variation and bilateral
-asymmetry in mammalian dentitions is of great importance to systematic
identification and may throw light on the evolution of a given taxon as
well as on the ontogeny of mammalian heterodonty.

The present paper gives a description of variation and asymmetry
patterns in some teeth of the pine and stone martens from Poland ac-
-cording to sex, and a comparison of the patterns between the two mor-
pholegically similar species with extensively overlapping geographic
ranges (e.g. Anderson, 1970) to find the differences of taxonomic impor-
tance. In addition, paleontological data are adduced to show evelutionary
importance of tooth variation in the species.

2. MATERIAL AND METHODS
2.1. Characleristics of the Material

The study is based on the examination of the permanent dentitions in 220
{126 males and 94 females) specimens of the pine marten, Martes martes (Linnaeus,
1758), and 43 (30 males and 13 females) specimens of the stone marten, Martes
foina (Erxleben, 1777), caught in Poland. The differences between the numbers
mentioned above and the numbers of skulls and teeth given in tables and figures
are caused by missing teeth as well as by teeth showing some wear which makes
unmistakable determination of a morphotype or taking a reliable measurement
impossible. Dental anomalies (Wolsan, 1984a) were not taken into consideration
in this respect as well.

The sex of the examined specimens was recorded from the colection data,
corrected in evident cases of misidentification, while the age classes (1=infants,
2=juveniles, 3=subadults, 4=adults, 5=old adulis) were distinguished on the basis
+of the definitions proposed by Buchalczyk & Ruprecht (1977) for the polecat.
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2.2, Measurements and Indexes

All the measurements were taken with a slide caliper to the nearest 0.05 mm,
They are:

LP%: Length of P* or the greatest distance between the anterior and posterior
points of the crown of the tooth (Fig. 1a).

WP Width of P® or the greatest distance between the lingual and buccal
points of the crown of the tooth perpendicular to its length (Fig. 1a).

LM!; Length of M! ar the greatest distance between the anterior and posterior
points of the inner lobe of the tooth perpendicular to its width (Fig. la).

WM!: Width of M! or the greatest distance between the lingual and buccal
points of the crown of the tooth measured along its long axis (Fig. 1la).

WMi: Width of M:i or the greatest distance between the lingual and buccal
puints of the talonid of the tooth perpendicular to its long axis (Fig. 1b).

DMe:: Greatest diameter of M: or the greatest distance between two distal
points of the crown of the tooth measured across its center (Fig. 1b).
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Fig. 1. Diagrams of the upper (a) and lower (b) marten postcanine dentitions,
showing the manner of taking the measurements used.

Three indexes: (WP3X100)LP3, (LM!X1000/WM!, and (DM:X106)/WMi1 were
calculated basing on these measurements, in order to show the patterns of variation
in the relative width of P3 the relative antero-posterior dimension of the inner
lobe of MY, and the relative size of Me, respectively.

2.3. Morphotypes

The morphotypes of group A (Fig. 5) describe variation in the morphology of
P® consisting in the occurrence of the teeth representing successive stages in the
transition from the three-rooted to the two-rooted tooth accompanied by gradual
morphological changes in the base of the crown:

A 11 Two roots. No concavity in the outline of the crown.

A 2. Two roots. The postero-lingual part of the crown slightly concave in
outline,
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A 3: Two roots but the posterior one shows, lingually and/or buccally, the
presence of an occluso-basal groove. A distinet concavity in the outline of the
postero-lingual part of the crown accompanied anteriorly by a convexity followed
by a slight concavity in the antero-lingual part of the cingulum, The buccal part
of the crown may show a slight concavity in outline.

A 4: Three roots, with the smallest one placed lingually, Both the buccal and
the two lingual concavities as well as the lingual convexity, mentioned above,
are distinct.

The morphotypes of group B (Fig. 7) deseribe variation in the morphology of
P: and P« consisting in the occurrence of the teeth representing successive stages
in the transition from the tooth with the presence of a small accessory cusp on
the posterior ridge of the protoconid to that without any sign of the cusp:

B 1: The posterior ridge of the protoconid without any sign of convexity.

B 2: The presence of a small elevation passing smoothly into the posterior
ridge of the protoconid.

B 3: The presence of an elevation passing anteriorly into the posterior ridge
of the protoconid on the square.

B 4: The presence of a cusp-like elevation separated anteriorly from the
posterior ridge of the protoconid by & shallow occluso-basal V-shaped indentation.

B 5: The presence of a small but distinct cusp separated anteriorly from the
posterior ridge of the protoconid by a clear V-shaped or nearly U-shaped valley.

The morphotypes of group C (Fig. 9) describe variation in the morphology of
M! consisting in the occurrence of the teeth representing successive stages in the
transition from the tooth with the presence of a V-shaped indentation in the
outline of the postero-buccal part of the crown to that without any sign of
concavity:

C 1: The postero-buccal part of the crown without any sign of concavity in
outline,

C 2: The presence of a slight concavity in the outline of the postéro-buccal
part of the crown.

C 3: The presence of a distinct V-shaped indentation in the outline of the
postero-buccal part of the crown.

The morphotypes of group D (Fig. 11} describe variation in the morphology
of M! consisting in the occurrence of the teeth with absence (morphotype D 1) or
presence {morphotypes D 2—D 10} of accessory structures on the occlusal surface
of the inner lobe of the tooth.

The morphotypes of group E (Fig. 12) describe variation in the morphology of
M! consisting in the occurrence of the teeth representing successive stages in the
transition from the tooth with the presence of a shallow occluso-basal V-shaped
indentation in some half of the length of the crista running postero-lingually from
the anterior cingulum to that without any sign of concavity in the crista:

E 1: The crista without any sign of concavity.

E 2: The presence of a concavity in the crista.

2.4, Oligodonty

The authors have been interested only in congenital deficiencies in dentition,
therefore the absence of a tooth was noted only when there was no sign of its
prior presence in dentition, that is when there was no alveolus nor any trace of
its overgrowing, Tooth deficiencies clearly resulting from development disturh-
ances in the embryogeny caused by the influence of environmental factors were
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not taken into consideration in this respect as well. The teeth in the Carnivora,
espe:icially the smallest ones, tend to be lost in the course of the animals life
and their alveoli to be overgrown, hence the clder an animal is the more probable
it becomes to recognize a tooth lack incorrectly as congenital. Therefore, the data
on oligodonties have been presented according to age classes,

2.5, Statistical Methods

The new muliiple range test (Duncan, 1955 has been used for testing the
differences between means, while the significance of the differences between
frequency distributions has been discovered using the x2 test. The Pearson product-
moment correlation coefficient r has been used to express left-right dental
asymmetry,

2.6. Abbreviaiions

F females N  number of teeth

M males * O.R. ohserved range

1 left body side X  mean

T right body side [ standard deviation

n number ¢f skulls V  coefficient of variation

Other abbreviations are defined where used.

3. RESULTS

3.1. Quantiiative Variation
3.1.1, Variation in Measurements

Table 1 shows variation in the tooth measurements. The coefficients
of variation (V) range from 3.9 to 7.7 for M. martes and from 2.7 to 10.0
for M. foina. In both the species, they reach the lowest values for WM®
and the highest ones for DM:. For P* the width is distinctly more variable
than the length, with the ranges of the coefficients of variation being
respectively 5.7—7.3 and 3.9—4.8, in M. martes, while in M. foina both
the dimensions are practically equally variable, with the ranges being
4.0—5.5 and 4.1—6.2 respectively. For M' the length distinctly exceeds
the width in variability in both the species, with the ranges of the!
coefficients of variation being respectively 58—6.3 and 3.9—4.1 in M.
martes, and 6.4—7.0 and 2.7-—4.3 in M, foina. The ranges of the coef-
ficient of variation for WM. are 4.5—4.9 in M. martes and 45—54 in
M. foina, while for DM: they are 7.0—7.7 and 7.8—10.0 respectively.

Table 2 shows a statistical significance of differences between means,
calculated for each pairwise combination of the means listed in Table 1
within each tooth measurement. The differences between M. martes and
M. foina have appeared to be highly significant (P<C0.001) in most cases.
Both for the two species and for all the measurements, the means have
been discovered to be highly significantly (P<<0.001) higher for males
than for females of the same species,



Descriptive statistics for the tooth measurements made (mm), according to sex and body side.

Table 1

Measu- Sex Body Martes martes Martes foina
rement side n=N O.R. X s v n=N OR. X S
LP8 F 1 87 4.45—5.40 4.91 0.19 39 13 4.65—5.40 4.97 0.21
r 92 4.45—5.75 4.96 0.23 4.7 13 4.55—5.30 4.93 0.21
M 1 125 4.60—6.00 5.38 0.26 4.8 30 4.50—5.85 521 0.32
T 119 4.85—6.00 5.41 0.23 4.3 30 4.70—5.80 5.26 0.27
Wps F 1 a7 2.30—3.10 2.7 0.15 5.7 13 2.35—2.70 2.57 0.10
T 92 2.40—3 65 2.73 0.18 6.5 13 2.40—2.80 2.57 0.11
M 1 125 2.40—3.95 3.02 0.21 6.9 30 2.35—3.00 2,72 0.15
T 119 2.65—3.95 3.03 0.22 73 30 2.50—3.00 2,75 0.14
LM! F 1 92 4.95-—6.85 5.58 0.33 5.9 13 4.40—5.55 4.87 0.32
r 89 4.65—6.30 5.56 0.32 5.8 13 4,30—5.50 4.84 0.34
M 1 122 5.35-7.25 6.28 0.39 6.3 30 4.95—46.60 5.52 0.36
T 122 545—1.25 6.25 0.29 6.3 30 5.00—86.50 5.45 0.35
WML F 1 92 7.15—8.85 7.82 0.30 39 13 7.35—8.25 7.93 023
T 90 7.15—8.90 7.86 0.32 4.1 13 7.50—8.30 7.98 0.22
M 1 121 7.55—9.55 8.51 0.35 4.1 29 7.85—9.20 8.36 0.30
r 122 7.85—9.55 8.57 0.34 4.0 29 7.95—9.40 8.45 0.36
WM F 1 89 2.80—4.20 3.78 0.19 4.9 13 3.40—4.15 3.83 0.20
r 87 3.10—-4.25 3.77 0.17 4.5 13 3.35—4.20 381 0.20
M 1 122 3.30—4.65 4.14 0.19 4.7 28 3.85—4.45 417 0.19
T 121 3.35—4.60 4,13 0.19 4.7 29 3.80—4.45 4.18 0.20
DMz F 1 84 2.55—3.65 321 0.24 75 12 2.70—3.65 3.12 0.31
r 82 2.60—3.75 3.2z 0.23 71 13 2,60—3.60 3.09 0.29
M i 108 3.20—4.45 3.71 0.26 7.0 29 3.05—4.00 3.45 0.27
r 109 2.90—4.70 3.69 0.29 1.7 28 2.70—4.05 342 0.29
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Table 2

Differences between the means for the tooth measurements made, based on data
from Table 1.
—=not significant (P>>0.05), +=significant (0.001<<P<{0.05), +-+=highly significant

(P<<0.001).
Martes martes Martes foina Martes martes Martes foina
F M F M F M F M
1 r 1 T 1 r 1r 1 r 1 r 1 r 1 r
Lps wp3
Mr ++ ++ + + ++ ++ — — — A e A —
Martes 1 ++ ++ ++ ++ ++ ++ — — ++ ++ ++ ++
foing Fr— — 4+ ++ — ++ ++ ++ 4+ —
1— - ++ ++ ++ ++ ++ ++
Mr++ ++ — ++ ++ —
Maortes 1 ++ ++ +4 4
mertes Fr — —
1
LMt WML
Mr— — ++ +++4++ +4+ — ++ ++ = — ++ ++ —
Mcrtes l— — ++ ++ ++ ++ ++ ++ ++ ++ ++
foina Fr++ +4+ ++ ++ — - - ++ 4+ —
1 ++ ++ ++ ++ - - R
Mr ++ ++ — ++ ++ —
Mertes 1 ++ ++ ++ ++
merles Fr — -
1
WM DM
Mr ++ ++ — — ++ +4+ — ++ ++ ++ ++ ++ ++ —
Mertes 1++ ++ — — ++ ++ ++ ++ ++ ++ ++ ++
foing Fr— — ++4 ++ — + + +F —
1— — ++ ++ - — + ++
Mr ++ ++ — ++ ++ —
Mertes 1 ++ ++ 4+ 4+ ++

l

mertes Fr —
1

3.1.2. Variction in Indexes

Table 3 and Figs. 2, 3, and 4 show variation in the indexes calculated
basing on the tooth measurements. The coefficients of variation (V)
raige from 5.0 to 7.8 for M. martes and from 4.6 to 9.9 for M. foina.
In both the species, they reach the lowest values for the index (LM'X
X100)/WM"' and the highest ones for the index (DM:X100)/WM..

Table 4 shows a statistical significance of the differences between
means and between frequency distributions, calculated for each pairwise
conbination of the means listed in Table 3 within each index and the
atsolute frequency distributions shown in Figs. 2, 3, and 4 within each



Table 3

Descriptive statistics for the indexes calculated from the measurements ¢of the left and right teeth, according to sex
(see Table 1; Figs. 2, 3, and 4).

Martes martes Martes foina
Index Sex — —

n N O.R. X s Vv n N O.R. x s v
WP . F 92 __ 179 _ 461102 __5523 _ 3.61 _ 65 _ . 13 26 480-561 5199 242 46
L X 10 M 1253 244 4567738 5619 428 76 30 60 439640 5233 358 638
127U F 93 181  61.1—862 7107 385 54 13 26 53.1—679 6096 333 55
w10 M 125 243 635839 7336 368 50 30 58 574—714 6508 322 438
DMy F 89 163  675—107.8 8517 665 7.8 13 25 684—947 8126 806 9.8
wn, X 10 M 118 216 734—1141 8946 693 15 29 56 651—965 8249 620 716

98



Variation in the dentition of the martens 87

of the figures. For all the indexes, the means are highly significantly
(P<<0.001) higher in M. martes than in M. foina. Also the frequency,
distributions for the two species are highly significantly (P<<0.001)
displaced by each other, Likewise, within both the species, the means

I ] : M martes
a0 n=217
[T« N-423
54
201 ] 34
Z 10- r 50 .
e ¢ 26
[ 1] 19 3
g’ o gﬁw_‘r:l AR oo
- 1 45.0 510 870 63.0 89.0 74.9
c
[-+]
e 20 ° M. foina
v 1
& : n=43
N: 86
204 17 17
15
10
1
£l
il
o Denus| 1888051 mw 1 .
42.0 48.0 540 80.0 66.0 720
wp’®
L p3 x 100

Fiz. 2. Frequency distributions of the values of the index (WP3X100)/LP* cal-

cuated for the left and right teeth (see Table 3). Numbers given in/near rectangles

of the histograms show the absolute frequencies of the index wvalues for a given
rectangle.

arz higher for the males than for the females and the frequency distrib-
utions for both sexes are displaced by each other, highly significantly
(F<0.001) for the index (LM'X100)/WM*, not significantly (P>>0.05) for
the index (WP*X100)/LP* and for the index (DM:X100)/WM: highly
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significantly (P<C0.001) in M. martes and significantly (0.001<P<{0.05)
for the frequency distributions or not significantly (P>>0.05) for the
means in M. foina.

3.2, Qualitative Variation
3.2.1. Morphotypical Variation

Fig. 6 shows variation in the morphotypes of group A (Fig. 5). All four
morphotypes of the group have been found in P* of M. martes, whereas
in M. foina the morphotypes A 1 and A 2 have only occurred. In M.
martes, the most frequent is the morphotype A 3, followed by A 2, A 1,
and A 4, while in M. foina it is the morphotype A 1, followed by A 2.

[« 0
’ [ ]r 5 M. martes
DI]:D " - n=218
87 N:=424
20 -
12
[ 1]
10 4 :1
g kY] ‘
.- —
c 7 | 1
o, HC | L |
z 55.0 61.0 67.0 73.0 79.0 85.0
E 30 4 Of
@ G M. joina
° n-43
s ST N=84
204 7
2
12
"
10 4
2 3 !
e i )] -
52.0 58.0 640 70.0 76.0 82.0 8190
1
LM 100
W

Fig. 3. Frequency distributions of the values of the index (LM!X100¥WM!' cal-

culated for the left and right teeth (see Table 3). Numbers given in/near rectangles

af the histograms show the absolute frequencies of the index values for a given
rectiangle,
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The frequency distributions of the morphotypes for both the species differ
highly significantly (P<0.001), whereas there is no significant difference
(P>>0.05) between those for the males and females of the same species.

Fig. 8 shows variation in the morphotypes of group B (Fig. 7). For
Pi, the morphotypes B 1, B 2, and B 3 have been found in M. martes,.

G M. martes
30 4 8 i n=207
([T N-379
27
20 4 T3
113
55 ,
Z 104
“5 I 12 =
o m e
s . ;-—f:.:ltlll LT \
- 700 BO.O 0.0 100.6 110.0
c b
-+
= 307 M. foina
& i n=42
‘ N- B1
201 16
:
b
10 o
i - h
tseeca il LRGN '
65.0 75.0 85.0 95.0 105.0 149
DM,
W X 100

Fig. 4. Frequency distributions of the values of the index (DM:2XI100/WMi cal—

culated ‘or the leff and right teeth (see Table 3). Numbers given in/near rectangles

of the Listograms show the absolute frequencies of the index values for a given
rectangle,

while in M. foina the morphotypes B 1 and B 2 have only occurred. The-
most frequent in both the species is the morphotype B 1, followed by
B 2, and in M. martes also by B 3. There is no significant difference
(P>0.03) both between the frequency distributions of the morphotypes
for the two species and between those for both sexes within the same-
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species. For P4, the morphotypes B 2, B 3, B 4, and B 5 have been found
in M. martes, while in M. foira all five morphotypes of the group have
occurred. In M. martes, the most frequent are the morphotypes B 4
and B 3, followed by B 2 and B 5, whereas in M. foira it is the morpho-
type B 5, followed by B 4, B 1, B 3, and B 2. The frequency distributions
of the morphotypes for both the species differ highly significantly
(P<<0.001), while there is no significant difference (P>>0.05) between
those for the males and females of the same species.

Fig. 10 shows variation in the morphotypes of group C (Fig. 9). The
morphotypes C 1 and C 2 have been found in M’ of M, martes, while in

Table 4

Differences betiween the means and between the absolute frequency distributions
{in parentheses) for the indexes calculated, based on data from Table 3 and
Figs. 2, 3, and 4 respectively.

—=not significant (P>0.05), -+=significant (0.001<P<0.05), ++=highly signiticant

(P<20.001).
Martes martes Martes foina
F M F M
(WP X100)/LP?
Martes foina M ++(++) ++({++) —(—)
F +4(++) ++(++)
Martes martes M —_(—)
F
(LM 3 100}/ WMt
Martes foina M + 4 (++) ++{++H) ++(++)
F A ob () - {++)
Martes martes M ++(++)
F
(DMzX 100)/WM:1
Martes foina M H++H)y o () —{*+)
F ++(++) ++(++)
Martes martes M ++{(++)
F

M. foina all three morphotypes of the group have occurred. In M. martes,
the most frequent is the morphotype C 1, followed by C 2, whereas in
M. foina it is the morphotype C 3, followed by C 2 and C 1. The frequency
distributions of the morphotypes for both the species differ highly
significantly (P<C0.001), while there is no significant difference (P>>0.05)
between those for the males and females of the same species.

Table 5 shows variation in the morphotypes of group D (Fig. 11}). All
ten morphotypes of the group have been found in M' of M. martes,
while in M. foina the morphotypes D 1, D 2, D 6, and D 8 have only
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Fig. 5. Diagrams of the morphotypes of group A (for definitions see p. 81).
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™
- 38
> 20 + [}
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-
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o 1]
T 60 "
[ ] o ;
o ] M. foina
a
a 7 n= 40
401 ’ N= 80
1 ]
1 N
20
]

Al A2 A3 A4
NMorphotype
Fig. 6. Frequency distributions of the morphotypes of group A (Fig. 5} for the

left and right P%, Numbers given in/near rectangles of the histograms show the
absoclute frequencies of the morphotypes for a given rectangle.

occurred. In both the species, the most frequent is the morphotype D 1,
with the frequency nearly 89%, second most frequent is the morphotype
D 2 (about 5%), and all other morphotypes have occasionally been observ-
ed with the frequencies less than 4%,
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Fig. 7. Diagrams 6f the morphotypes of group B (for definitions see p. 82).
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201 m 1 5 | [
| of Mol
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Morphotype

Fig. 8. Frequency distributions of the morphotypes of group B (Fig. 7) for the
left and right Pss and Pis. Numbers given in/near rectangles of the histograms
show the absolute frequencies of the morphotypes for a given rectangle.
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C1 C2 C3

Fig. 9. Diagrams of the morphoiypes of group C (for definitions see p. 82),

80 A

q 135 FD
i}
ol [ M. martes

= ] n-213
- 1 N=412
o 204 1
@« ] 2
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Fig. 10. Frequency distributions of the morphotypes of group C (Fig. 9} for the
left and right M!'s, Numbers given in/near rectangles of the histograms show the
absolute frequencies of the morphotypes for a given rectangle.

Fig. 13 shows variation in the morphotypes of group E (Fig. 12).
Two morphotypes distinguished have been found in both the species.
In M. martes, however, the most frequent is the morphotype E 2, whereas
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Fig. 11, Diagrams of the morphotypes of group D (for definitions see p. 82),

D5 D6

in M. foina it is E 1. The frequency distributions of the morphotypes for
both the species differ highly significantly (P<C0.001), while there is no
significant difference (P>>0.05) between those for the males and females
of the same species.

3.2.2. Qligodonty

There are no extra teeth in the examined martens. There are no
dental anomalies in the stone martens either, while those found in the
pine martens have been described in an earlier paper (Wolsan, 1984 a).
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Table 5

Absolute and percentage (in parentheses) frequency distributions of the morpho-
types of group D (Fig. 11) for the left and right Mis, according to sex.

Martes martes Maries foina
Morpltotype {n=198, N=390) {h=40, N=179)
F M Total ¥ M Total
D1 141 (36.2) 205 (52.6) 346 (88.7) 28 (32.9) 44 (05.7) 70 (88.6)
D 6 (1.8) 13 (3.3) 19 (4.9) 0 (0 4 {5.1) 4 (5.1}
D3 1 (6.3) a (O 1 (0.3) ¢ (0 0 (0} o (D)
D¢ 0 {0) 3 (0.8 3 (0.8) 0 0 (0) 0 (0)
D& 5 (1.3) 1 {0.3) 6 (1.5) 0 (0) 0 (0} 0 (0
D¢ 0 (0) 1 {0.3) 1 (0.3 LINN{1)] 3 (38) 3 (3.8
D" 2 (0.5) 1 {0.3) 3 ©8) g (D) 0 {0) 0 {0
D3 6 (1.6) 2 {0.5) 8 (2.1) 0 (0} 2 {2.5) 2 (2.5
D¢ 0 {0 1 (0.3) 1 (0.3) 0 (0) 0 (D) o (O
DI 2 (0.5) (VI )] 2 (0.5) o (0) 0 (0) 0 (0

S5y

Tig. 12. Diagrams of the morphotypes of group E (for definitions see p. 82).
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Fig. B. Frequency distributions nf the morphotypes of group E (Fig. 12) for the
left and right M!s, Numbers given in/near rectangles of the histograms show the
absolute frequencies of the morphotypes for a given rectangle,



Table 6
Frequency distributions of the missing P!, Pi, and M: (N) and the skulls showing absence of the teeth (n), according
to sex and age class. Actual number of occurrence of each variant and number of scored teeth and skulls respecively
as well as percentage in parentheses are given.

Tooth Age F M Total (F and M)
class N (%0} n (%e) N /0y n (%) N (%) n I

Martes martes

1 0/0 0/0 0/2 {0) 0/1 (0) 0/2 M 0/1 {0

2 0/40 (0} 0/20 (0) 0/46 (1)) 0/23 (0) 0/86 (0) 0/43 [{1)]
Pt 3 0/95 (0) 0/48 [{i)] 0/109 (® 0/55 (3] 0/204 (0) 0/103  (0)

4 0/32 ()] 0/16 (0} 0/74 (0) 0/37 [()] 0/106 (B 0/53 0)

5 0/18 (0) 0/9 1] 0/13 [{)] 0/7 (1] 0/31 (0} 0/16 (i}
Total 1--5 0/185 () 0/93 (1)) 0/244  (0) 0/123  (0) 0/429 (O 0/216  (0)

1 0/0 6/0 0/2 (0) 0/1 ()] 0/2 (L) 0/1 (5]

2 6/38 {15.8) 4/1% (21.1} 2/46 (4.3} 1/23 4.3) 8/84 (9.5} 5/42 (11.9)
P1 3 8/93 (8.6) 5/47  (10.6) /108  (0.9) 1/54 (1.9) 9/201  (4.5) 6/101 (5.9

4 4/31 {12.9) 3/16  (18.7) 474 (5.4) 2/317 5.9 8/105 (7.8 5/53 (9.4)

5 0/18 (4] 0/9 (0) 2/13 (154 1/7 (14.3) 2/31 (6.5) 1/16 (6.2)
Total 1—5 18/180 (10.0) 12/91  (13.2) 9/243 (3.7 5/122  (4.1) 27/423  (6.4) 17/213  (8.0)

1 0/0 0/0 0/2 {0} 0/1 {0 0/2 (0) 0/1 {0)

2 2/38 {5.3) 1/19 (5.3 0/46 [f1)] 0/23 (0) 2/84 (2.9) 1/42 (2.4)
M2 3 0/94 (0} 0/47 (L] 0/109 (D) 0/55 (0) 0/203 (0} 0/102 (B

4 0/32 [{i}] 0/16 (o) 0/74 L] 0/37 (0) 0/106  (0) 0/53 (0

5 0/18 ({1} 0/9 ()] 0/14 0) 0/7 [(8)] 0/32 () 0/16 [{1}]
Total 1—5 2/182  (L.1) 1/91 (1.1} 0/245 (0) 0/123 (O 2/427  {0.5) 1/214  {0.5)
Total 1—5 20/180 (11.1) 13/91 (14.3} 8/243 (3D 5/122 {4.1) 29/423 (6.9 18/213  (8.5)
(P! P,

and Mzs)

96
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Martes foina

0/0 0/0 6/0 0/0 0/0 /0

1

2 0/4 (0} 02 (0) 0/8 (0) 0/4 0) 012 ) 0/6 (®»
P! 3 0/16 [(1)] 0/8 (0) 0/34 {0} 0/17 ()] 0/50 {0 0/25 ()

4 1/4 (25.0) 1/2 (50.0) 0/8 (0} 0/4 (0) 1/12 {8.3) 1/6 (18,7)

5 0/Q 0/0 0/6 (m 0/3 (0) 0/6 (0) 0/3 {0)
Total 1—5 1/24 (4.2) 1/12 (8.3) 0/56 (0 0/23 (0) 1/80 (1.2} 1/i0 (2.5)

1 0/0 0/0 0/0 /0 /0 0/0

2 0/4 [{))] 0/2 (0) 1/8 (12.5) 1/4 25.0) 1/12 (8.3) 1/G {18.7)
P 3 3/16 (18.7) 2/8 (25.00 2/32 {6.2) 2/16 (12.5) 5/48 (10.4) 42+ (16,1

4 0/4 ()] 0/2 (0} 1/8 (12.5) 144 {25.0}) 1/12 (8.3) 1/6 (16.7)

5 0/0 0/0 3’6 (50.0) 2/3 (66.7) 3/6 (50.0} 2/3 (66.7)
Total 1—5 3/24  (12.5) 2/12 (18.T) 754  (13.0) 7 6/27 (22.2) 10/78  (12.8) 8/39  (20.5)

1 0/0 0/0 0/0 o0 0/0 0/0

2 0/4 0 012 [(1)] 0/8 [{1)] 0/4 (0) 0/12 {m 0/6 )
Me 3 0/18 (1)} 0/8 [{)] 0/32 {0) 0/16 0) 0/48 ()] 023 [t)]

4 0/4 (0} 0/2 (0) 0/8 (0) 0/4 {0) 0/12 (0) 0/8 ()]

5 0/0 0/0 0/6 (0) 0/3 (9 0/6 {0) 0/3 (0)
Total 1—3 0/24 (0 0/12 (0) 0/54 (0) 0/27 )} 0/78 ()] 0/39 D)
Total 1—5 4/24  (16.7) 12 (25.00 754 (13.0) 6/27 (22.2) 11/7i8  (11.1) 9/39  (23.1)
(P, P, .
and Mz)

L6
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Some of the tooth deficiencies described by the author clearly result
from developmental disturbances in the embryogeny caused by the
influence of environmental factors. There are, however, also those caused
most probably by a mutation. Buch congenital deficiencies affected the
right L. in the juvenile (age class 2} and subadult (age class 3) females
of M. martes (Wolsan, 1984a).

Other cases of congenital oligodonties found in the examined material,
which may be included in Wolsan’s (1984b) first group of con-
gential departures from the typical number, shape, or size of mam-
malian teeth, affect the smallest and peripheral teeth of the cheek den-
tition. Their frequency distributions are shown in Table 6. Both in
M. martes and in M. foina, the most frequently missing tooth is Pi. In
addition, the bilateral absence of M: has oceurred in a female of M. martes
and P' has been found to be unilaterally missing in a female of M. foira.
The oligodonty is more frequent in M. foina, where it affects 23.1%4
of the scored skulls and 14.1% of the scored teeth, than in M. martes,
where the corresponding values are 8.5%s and 6.9%. Furthermore, it is
a more frequent phenomenon in females than in males, both in M. martes,
where it affects respectively 14.3%0 and 4.1% of the scored skulls and
11.1%a and 3.7%0 of the scored teeth, and in M. foina, where the cor-
responding values are 25.0% and 22.2% for the skulls and 16.7% and
13.0%0 for the teeth. The tooth deficiencies noted, assumed to be con-
genital, involve for the most part the age classes 2—4. Thus, it seems
that only for some of the missing Pis noted in the stone martens of age
class 5 there is a high probability of incorrect recognition of a tooth lack
as congenital.

3.3. Asymmeiry

3.3.1. Asymmetry in Quantitative Traits

Table 7 shows the amount of bilateral asymmetry for the tooth
measurements, The correlation coefficients (r), used as a measure of
the left-right asymmetry, range from 0.647 to 0.921 for M. martes and
from 0.422 to 0.953 for M. foina. They reach the lowest values for WP®
and LP?, ranging from 0.647 to 0.782, in M. martes, and for LP* and WM?,
with the ranges being respectively 0.422—0.591 and 0.730—0.827, in M,
foina. The correlation coefficients for the remaining measurements are
of distinctly higher values in both the species, ranging from 0.801 to
0.953. For P* the width is slightly more asymmetrical than the length,
with the ranges of the correlation coefficients being respectively 0.647—
—0.757 and 0.672—0.782 in M. martes, whereas in M. foira the length
has distinctly greater asymmetry than the width, with the ranges being
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respectively 0.422—0.591 and 0.801—0.953. For M’ the length is slightly
more asymmetrical than the width, showing the correlation coefficients
ranging from 0.853 to 0.889 and from 0.856 to 0.915 respectively, in
M. martes, while in M. foina the width distinctly exceeds the length in
asymmetry, with the correlation coefficients ranging from 0.730 to 0.827
and from 0.904 to 0.953 respectively. The ranges of the correlation coef-
ficient for WM: are 0.818—0.921 in M. martes and 0.870—0.920 in M.
foira, while for DM: they are 0.858—0.900 and 0.899—0.918 respectively.

Table I shows statistics quantifying variation of the tooth measure-
merts for both body sides. Both in M. martes and in M. foina, the dif-
ferences between the coefficients of variation (V) for the left and right
body sides are generally distinctly higher for the measurements of M:
and P® than those for M: and M!. Furthermore, the means of the tooth
meszsurements for both body sides are generally different. The differences,
however, are of no significance (P>>0.05) (Table 2).

Table 7

Correlation coefficients (r) between the left and right tooth measure-
ments, according to sex (see Table 1).

Martes martes Martes foina
Measurement Sex n= 1 N r 0= 1 N r
2 2

Lpt F 87 +0.672 13 +0.422
M 119 +0.782 30 +0.591
wp? F 87 +0.647 13 +0.953
M 119 +-0.757 30 +0.801
LM! F 88 +0.853 13 +0.953
M 119 +0.889 30 +0.904
WM! F B9 +0.856 13 +0.730
M 118 +0.915 28 +0.827
WM, F 87 +0.921 13 +0.920
M 118 +0.818 28 +0.870
DM, F 76 +0.900 12 +0.899
M 99 +0.858 28 +0.918

3.3.2. Asymmetry in Qualitative Traits
3.3.2.1. Asymmetry in Morphotypes

Table 8 shows the amount of bilateral asymmetry for the occurrence
of the morphotypes distinguished. Of the morphotypes of group A, the
mos. asymmetrical in occurrence is A 1, followed by A 4!, A 2, and A 3,
witl the frequencies of asymmetrical occurrences being respectively about
73%, 50%/0?, 36%a, and 21% in M. martes, whereas in M. foine it is
the morphotype A 2, followed by A 1, with the frequencies of about

Estimation based on a very small number of occurrences.
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Table 8

Frequency distributions of ithe bilateral and unilateral occurrences of the morpho-

types distinguished, according to sex (see Table 5; Figs, 6, 8, 10, and 13), Percent-

age Irequencies of the unilateral occurrences are given in parentheses. Where

only a very small number of occurrences could be scored no perceniage has been
calculated; n=1/2 N,

Tooth, Martes martes Martes foina
morphatype, Occurrence Occurrence
and sex bilateral unilateral (%/p) bilateral unilateral (/g
n=204 n=40
Al F 3 6 (65.7) 3 4 {44.4)
M 1 3 (83.3) 153 7 (31.8)
p? A2 F 28 17 {(37.8) 2 4 (66.7)
M 35 18 (34.0) 7 7 (50.0)
A3 F 39 i2 (23.5) 0 0
M 60 B3 (20,0 ] 0
A4 F 0 1 0 0
M 1 0 o 0
n=130 n=26
BI1I F 29 11 {27.9) 4 1 (20.00
M 43 17 {28.3) 11 5 (31.2)
B2 F 11 14 (36.00 3 1 (25.0)
M 12 18 (58.1) 2 5 (T1.4)
P, B3 F Q 3 (100.M n 0
M i 3 (73.0) 0 0
B4 F 0 0 [t} 0
M 0 n 0 G
B5 F 0 0 n 0
M 0 G 0 0
n=132 n=26
Bl F 0 1] 1 0
M 1] 1] 2 3 {60.0)
B2 F i 8 (53.3) 0 1]
M 7 10 (58.8) n 2
P, B2 F 15 17 (35.1) 0 i
M 20 21 (311 1 0
B4 F 15 13 (154 1 3 (75.0)
M 26 2 (31.6) 2 3 (60.)
B3 F G i} 3 2 (40.0)
M 1 1 )1 2 (20.0)
n=199 n=238
cCt F 61 8 (11.6) 0 0
M 83 14 (144 1 0
m! c2 F 18 8 (30.0) 1 3 (75.0)
M 14 14 (30.0) 3 4 (57.1)
CcC3 F [¢] 0 7 2 (30.0)
M 0 1] 19 4 {17.4)
n=192 n=39
D1 F 66 8 (10.8) 13 0 (0)
M} M 96 9 (8.8 20 3 (13.0)
D2 F 1 4 (82.0) 0 0
M 2 9 (81.8) 2 Q
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Table 8, concluded.

D3 ¥ G 1 0 0
M 0 0 0 0
D4 F \] 0 ] 0
M ¢ 3 i} b}
1 D5 F 0 5 (100.0) 0 i}
M 0 1 0 0
D6 F 0 0 0 0
M 0 9 1 1
DT F 0 2 0 0
e 0 1 0 0
D§g F 3 0 0 [
M 0 2 0 2
D9 F 0 0 0 0
M ¢ 1 0 0
Dio F 1 0 0 0
M 0 0 n 0
n=133 n=26
El1 F 3 4 (57.1) 2 2 (50.0}
Mt M 1 5 (833 9 7 (437
E2 P 51 4 (7.3 1 2 {66.7)
M 69 5 (6.8) 5 7 (58.3)

55%0 and 35%e respectively. Of the morphotypes of group B, in the case
of P, the most asymmetrical in occurrence is B 3, followed by B 2 and
B 1, with the frequencies of asymmetrical occurrences being respectively
about 86%,, 57%, and 28% in M. martes, and in M. \foina it is the
morphotype B 2, followed by B 1, with the frequencies of about 55%n
and 29% respectively, whereas in the case of Py, it is B 2, followed by
B 3, B 5% and B 4, with the frequencies of about 56%, 52%, 50%0", and
38%s respectively, in M. martes, and in M. foira it is the morphotype
B 2! followed by B 4, B 3! and B 1, and B 5, with the frequencies of
about 100% , 67%0, 50%0*, 50%0, and 27%s respectively, Of the morphotypes
of group C, the most asymmetrical in occurrence is C 2, followed by
C 1, with the frequencies of asymmetrical occurrences being respectively
about 40%0 and 13% in M, martes, while in M. foinae it is the morphetype
C 2, followed by C 3 and C 1% with the frequencies of about 64/,
21%0, and 0%’ respectively. Of the morphotypes of group D, in both
the species, the least asymmetrical in occurrence is D 1, with the
frequencies of asymmetrical occurrences being about 9% for M. martes
and about 8% for M. foina, whereas the remaining morphotypes have
generally occurred asymmetrically. Of the morphotypes of group E, the
more asymmetrical in occurrence is E 1, followed by E 2, with the
requencies of asymmetrical occurrences being respectively about 69%
and 7% in M. martes, whereas in M. foina it is E 2, followed by E 1,
with the frequencies of about 60%0 and 45%¢ respectively.

1 Estimation based on a very small number of occurrences.
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3.3.2.2. Asymmetry in Oligodonties

Table 9 shows the amount of bilateral asymmetry for the occurrence
of the missing cheek teeth in the examined martens. The absence of
the most frequently missing tooth, that is of P, has generally occurred
asymmetrically in M. foina, showing the frequency of about 75% for
the unilateral deficiencies, while in M. martes it is slightly less frequent,
with the frequency of asymmetrical occurrence being about 41%. There
was only one case of the absence of P!, found asymmetrically in a stone
marten, and only in one pine marten has there occurred the symmetrical
absence of M. In addition, two pine martens showed the asymmetrically
missing It (Wolsan, 1984a).

Table 9

Frequency distributions of the bilateral and unilateral gccurrences of the missing
Pt Pi1, and Me, according to sex (see Table 6§). Percentage frequencies of the
unilateral occurrences are given in parentheses. Where only a very small number
of occurrences could be scored no percentage has been caleulated; n=1/2N.

Martes martes Martes foina
Tooth Sex QOccurrence Oceurrence

bilateral unilateral (%o} bilateral unilateral (%)

- F 0 0 ] 1

M V] 0 ] 0
Ps F [i] 6 (50.0) 1 1 (50.0}
M 4 1 (20.0) 1 5 (33.3)

F 1 1] 0 1]

Me M 0 0 o 0

4, DISCUSSION
4.1. Distinction between M. martes and M. foina

M. martes and M. foina are relatively close to each other in dental
morphology. As yet a few dental characteristics have been proposed in
literature to separate the two species. The present paper suggests several
others. All the characteristics, however, show the overlapping ranges of
variation in more numerous samples (Kurtén, 1963; Anderson, 1970;
the present paper), making the distinctions not so clear as they seem to
be. Therefore, as many traits as possible should simultaneously be taken
into consideration to increase the probability of correct determination.
The dental characteristics suggested to be useful in distinguishing between
the two species are:

(1) Those described qualitatively by the morphotypes of group A and
quantitatively by the index (WP*X100)/LP?® (commonly quoted in litera-
ture).
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(2) The proportions for P* the tooth is longer and its protocone less
developed in M. foina than in M. martes, with the length of the protocone
being some half of the width of the blade in M. foine and ahout equal
to the width in M. martes (commonly quoted).

(3) Those described by the index (LM'X100)/WM' (cited by many
authors) and the morphotypes of groups C (commonly quoted) and E
(the present paper).

(4) The size of Pi: the tooth is smaller in M. foina than in M. martes
(Kurtén, 1963; Anderson, 1970), which is supported by the more frequent
absence of the tooth in M. foina than in M. martes (Abeljencev, 1968;
Cpatrny, 1972, 1973; the present paper) .

(5) Those described by the morphotypes of group B (the present
parer).

(6} The relation of the trigonid to the talonid for M:: the trigonid is
relatively longer in M. foina than in M. martes (Kurtén, 1965; Anderson,
1970).

i7) Those described by the index (DM:X100)/WM: (the present paper).

4.2, Sexual Dimorphism

Members of the family Mustelidae are characterized by an especially
disinet sexual dimorphism in body size, with males being larger than
fersales, Miller (1912), Rode & Didier (1944), Abeljencev (1968), Anderson
(1970), van Bree et al. (1970), and Gerasimov (1983a, 1983b} have doc-
urrented the sexual dimorphism in the dentition of M. martes and
M. foina, showing the teeth of males to be generally larger, especially
the canines and the carnassials. The results of the present paper, showing
the means of all the tooth measurements, hath in M. martes and in
M. foina, to be highly significantly (P<<0.001) higher in males than in
fenales, are in agreement with the literature data. However, the observed
rarges of the measurements show overlap between sexes. Moreover, the
present paper reveals the sexual dimporhism in the proportions of M
(es>ecially distinet) and P* (poorly marked) as well as in the relative
sizz of M: in both the species. The values of the indexes are generally
lover for females, but with the observed ranges extensively overlapping
beween sexes. No sexual dimorphism has been discovered in the frequen-
cy distributions of the morphotypes. The females have appeared to be

£ It has been evidenced that the progressive reduction in size of a tooth in
the course of evolution, accompanied by a simultaneous simplification in its shape,
hate clearly preceded its phylogenetic loss (Kurtén, 1953; Ziegler, 1971; Hendey,
198}, and that the smaller and more simple in shape a tooth is the more probability
thee is of its loss (Griineberg, 1951, 1965, 1876; Kurtén, 1853; Searle, 1954a, 1954b,
195, 1959, 1960; Griineberg et al., 1972; Glass & Todd, 1877).
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more frequently affected by the congenital tooth loss, which has
especially been distinet in M. martes. Furthermore, the oligodonties
have clearly occurred more frequently in M. foina than in M. martes,
and they have almost exclusively been involved in the smallest of the
cheek teeth (P%), which is smaller in M. foina than in M. martes (Kurtén,
1965; Anderson, 1970). Thus, it seems very probable that the sexual
dimorphism in the frequencies of the congenitally missing Pis observed
in the present paper results from the sexual dimorphism in size of the
tooth (see footnote on p. 103). Abeljencev (1968) did not discover such
a dimorphism in the pine and stone martens from the Ukraine, however
he considered all the cases of missing teeth, not excluding those being
clearly lost during an animal’s life.

4.3. Patterns of Varialion and Asymmetry in the Cheek Dentition

Nearly all mammals show evidence of a gradient of tooth shape and
size in the cheek dentition, with the teeth occupying the central position
in the tooth row characterized both by the most complex form and by
the greatest dimensions, and the peripheral ones being generally both
simplest and smallest among the cheek teeth. Such a morphological
gradient is accompanied by gradients in tooth variability (Gingerich,
1974; Gingerich & Schoeninger, 1979; Gingerich & Winkler, 1979; Zhang,
1982; Pengilly, 1984) and bilateral asymmetry (Garn et al., 1967, 1981,
Bailit et al., 1970; Garn & Bailey, 1977; Smith et al., 1982}, with generally
lower variability and asymmetry for the central teeth than for the
peripheral ones.

The results of the present study are generally in agreement with the
general mammalian patterns of variation and asymmetry characterized
above. The most peripheral, simplest in shape and smallest of the
measured teeth, Ms:, shows the greatest variability. The congenital oligo-
donties affect the most simplified in form and smallest peripheral cheek
teeth. The bilateral asymmetry is generally greater for P* than for the
more complex morphologically and greater M: and M' However, M.,
being the most variable, shows relatively great amount of bilateral sym-
metry. Moreover, there is the apparent relationship between the frequen-
cies of the morphotypes and the asymmetry in their occurrence: the more
frequent a morphotype is the lesser asymmetry there is in its occurrence.

4.4. Evolutionary Interpretation of Denial Variation
4.41. Variation in P?
The morphotypes of group A (Fig. 6) and the index (WP*X100)/LP?

(Fig. 2; Table 3) describe the variation of P® in the pine and stone martens
from Poland. Judging from the common use of the same morphological
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characteristics of P* by many authors for discrimination between the two
species, most likely also in other populations the dominant morphotypes
are A 3 and A 2 for M. mertes and A 1 for M. foina. The other species
of the genus Muartes, both the recent and fossil ones, show various pat-
terns in the morphology of P® (see, e.g., Anderson, 1970). All the patterns,
howaver, are contained in the variation range described by the morpho-
types of group A. The polymorphism of P?® found in M. martes (Pavlinin,
1962; the present paper), M. foina (the present paper), Martes americana
(Turton, 1806), and Martes zibellina (Linnaeus, 1758) (Pavlinin, 1962) is
in all likelihood characteristic of the other species of the genus as well.
Furthermore, the morphological patterns of P* found in the members
of the early mustelid genera, such as Paragale (Petter, 1967a) and
Plesiagale (Simpson, 1946; de Beaumont, 1968; Miiller, 1970), and in the-
members of the mustelid stem group genera, such as Plesictis {Zittel,
1893, Gaillard, 189%; Simpson, 1946; Dehm, 1950; Viret, 1955; Miiller,
1970; de Beaumont & Weidmann, 1981), Broiliana, Stromeriella, Amphictis
(Dekm, 1950), and BMMustelictis (Lange, 1970), may also be included in
the variation range described by the morphotypes of group A, Moreover,
the tooth was clearly polymorphic in some species of the fossil genera
mentioned above {e.g. Stromeriella franconica Dehm, 1950; see Dehm,
1950}, which was probably true also for the other species. The miacids,
accedted to be ancestral for the modern Carnivore (e.g. Romer, 1966),
shoved a great variety in the morphological pattern of P?, ranging from
the three-rooted tooth resembling an isosceles triangle with rounded
vertces and concave sides in the crown outline (e.g. Ictidopappus
musielinus Simpson, 1935; see Simpson, 1837 to the tooth with morpho-
logy of the morphotype A 1 (e.g. Vulpavus ovatus Matthew, 1909; see
Matthew, 1909; Thenius, 1969), with triangle crown outlines being
prevailing (Zittel, 1893; Wortman, 1901; Matthew, 1809; Matthew &
Grarger, 1915; Simpson, 1937; Butler, 1946; Romer, 1966; Thenius, 1969,
Miiler, 1970; Savage, 1977).

Therefore, there is a general trend in the evolution of the lineage of
M. nartes and M. foina involving progressive simplification in the
morphological pattern of P In terms of the trend the morphotype A 4
is most primitive and the morphotype A 1 most progressive. Thus, M.
foinc is more progressive than M. martes in respect of the P* morphology.

4.42. Variation in M!
4.4.2.1, Variation in the Outer Lobe

The morphotypes of group C describe the variation of the outer lobe
of M in the examined martens (Fig. 10). Judging from the common use-
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of the same morphological characteristics of the M' outer lobe to
diseriminate between the two species, it is most likely also in other
populations that the dominant morphotypes are C 1 for M. martes and
C 3 for M. foina. The other living species of the genus Martes show
various patterns in the morphology of the outer lobe of M' (see, e.g.,
Anderson, 1970), All the patterns, however, are contained in the variation
range described by the morphotypes of group C. The polymorphisin of
the M’ outer lobe found in M, martes (Pavlinin, 1962; the present paper),
M. foina (Opatrny, 1972; the present paper), M. americana, and M. zibel-
lina (Pavlinin, 1962) is in all likelihood characteristic of the other species
-of the genus as well, M' in the middle Pleistocene Martes vetus Kretzoi,
1942 [=M. intermedia Heller, 1933], considered to he the probable
ancestor of both studied species (Heller, 1933; Kurtén, 1968; Anderson,
1970), shows a variable indentation of the outer lobe {(Heller, 1933; Dehm,
1962; Anderson, 1970; Rabeder, 1976). The tooth in a specimen of the
Pliocene Martes wenzensis Stach, 1959 (MF/342/60 Institute of Systematic
and Experimental Zoology, Polish Academy of Sciences, Cracow), which
might have been in the direct line of ancestry towards M. vetus (Ander-
son, 1970), represents the morphology of the morphotype C 3 (see also
Stach, 1959; Anderson, 1970; Rabeder, 1976; Czyzewska, 1981). There
was a concavity in the outline of the outer lobe of M' in most other
Tertiary martens of the genera Martes and Pliomartes, very often
showing the morphology of the morphotype C 3 (Gaillard, 1809; Viret,
1933; Dehm, 1950; Petter, 1967h; Rabeder, 1976; Ginsburg, 1977, Schmidt-
-Kittler, 1981). Similar concavities were shown also by the early mustelids
-of the genera Paragale (Petter, 1967a) and Plesiogale (Simpson, 1946; de
Beaumont, 1968; Miiller, 1970) as well as by the members of the mustelid
stem group genera, such as Plesictis (Zittel, 1893; Gaillard, 1899; Simpson,
1946; Dehm, 1950; Viret, 1955; Miiller, 1970; Rabeder, 1976; de Beaumont
& Weidmann, 1981; Schmidt-Kittler, 1981}, Broiliana (Dehm, 1950),
Stromeriellg {Dehm, 1950; Schmidt-Kittler, 1981), Amphictis (Dehm, 1950)
and Mustelictis (Lange, 1970; Schmidt-Kittler, 1981), in which the posterior
cusp of the M' outer lobe or the metacone was clearly much more
developed than it is characteristic of the genus Martes. The above was
also true for the miacids (e.g. Matthew, 1909).

Therefore, there is a general trend in the evolution of the lineage
of M. martes and M. foina involving progressive reduction of the metacone
and postero-buccal root, generally accompanied by decline of the con-
cavity in the outer lobe of M'. In terms of the trend the morphotype
C 3 is most primitive and the morphotype C 1 most progressive. Thus,
M. martes is more progressive than M. foina in respect of the morphology
-of the M' outer lobe,
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4.4.2.2. Variation in the Relative lLength of the Inner Lobe

The index (LM'X100)/WM"' describes the variation of the relative
length of the inner lobe of M' in the Polish martens (Fig. 3; Table 5).
Judging from the common use of the relative length of the M! inner
lobe to discriminate between the two species, most likely also in other
populations of the species the values of the index are generally higher
for M. martes than for M. foina. The available specimens of the middle
Pleistocene M. vetus show the variation in the index values ranging from
about 64 to about 70 (calculated from the data of Heller, 1933: Abb. 3,
Dehm, 1962: p. 33, Anderson, 1970: Table 3, and Rabeder, 1976: Abb. 286,
Fig. 6), while in the Cracow specimen of the Pliocene M. wenzensis
(MF,342/60) the value is about 63. For the early Pliocene martens, such
as Martes stirtoni Wilson, 1968, Martes campestris Gregory, 1942, and
Martes anderssoni Schlosser, 1924, the values of the index are about
57, 56, and 42—59 respectively (calculated from the data of Anderson,
1970: Table 2 for the first two species and for the latter from those of
Schlosser, 1924: p. 14, Petter, 1867b: Pl. I, Fig. 3b, and Anderson, 1970:
Tabl2s 1 and 2), while in the late Miocene Martes khelifensis Ginsburg,
1977 it is about 47 (calculated from the data of Ginsburg, 1977: p. 226)
and in the available specimens of the early Miocene Martes laevidens
Dehm, 1950 the values range from about 39 to about 54 (calculated from
the data of Dehm, 1950: p. 66, Anderson, 1970: Table 2, and Schmidt-
Kittler, 1981: Fig, 21), For the early mustelids Paragale hiirzeleri Petter,
1967 and Plesiogale angustifrons Pomel, 1846 they are about 38 and
39—43 respectively (calculated from the data of Petter, 1967a: Pl I,
Fig. 1d for the former species and for the latter from those of Simpson,
1946 Fig. 4b, de Beaumont, 1968: Fig. 5, and Miiller, 1970: Abb. 168B).
In tle members of the genus Martes, the inner lobe of M' exceeds the
outer one in length. In the genus Paraegale the two lobes are nearly
equaly long (Petter, 1967a), whereas in Plesiogale the inner lobe is
shorter (e.g. Simpson, 1946). Both the members of the mustelid stem
grouy (e.g. Dehm, 1950) and the miacids {e.g. Matthew, 1909) showed
the dstinctly greater length for the outer lobe.

Tierefore, there is a general trend in the evolution of the lineage of
M. martes and M. foina involving progressive relative antero-posterior
extersion in the inner lobe of M'. In terms of the trend M. martes is
more progressive than M. foina in respect of the relative length of the
M* imer lobe.
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4.4.2.3, Variation in the Morphology of the Occlusal Surface of the Inner lLobe

The morphotypes of groups D and E describe the variation in the
morphology of the occlusal surface of the inner lobe of M* in the martens
from Poland (Table 9; Fig. 13}, In two recent pine martens from the
Soviet Union Pavlinov (1974) found still one morphotype of group D,
showing the crescent-shaped crista running across the waist of the tooth
from the anterior to posterior cingula. The morphotype D 1 is typical
of the living species of the genus Martes (e.g. Anderson, 1970}, which
seems to be true for M. veius as well (Rabeder, 1976). Both the morpho-
type E 1 and E 2 occur in the living martens, with E 1 being more
frequent in M. foine and E 2 prevailing in M. martes (Rabeder, 1976;
the present paper). The morphology of the inner lobe of M' in the
Cracow specimen of M, wenzensis (MF/342/60) resembles the morphotypes
D 8 and E 2. Other Tertiary martens of the genera Martes and Plio-
martes showed various patterns in the morphology of the crista, as
well as a clear intraspecific polymorphism, ranging from the crescent-
shaped crista resembling that described by Pavlinov (1974), which
prevailed, to that described by the morphotype D 1, which was relatively
rare (Gaillard, 1899; Viret, 1933; Dehm, 1950; Ginsburg, 1961, 1877,
Petter, 1967b, 1971; Rabeder, 1976; Schmidt-Kittler, 1981). In the holotype
specimen of Paragale hiirzeleri the crista connects the antero-medial part
of the cingulum with its postero-lingual part (Petter, 1967a), whereas a
specimen of Plesiogale angustifrons reproduced both by Simpson (1946)
and by Miiller (1970) shows the crista being long but not attaining the
posterior cingulum. Both the members of the mustelid stem group (e.g.
Dehm, 1950) and the miacids (e.g. Matthew, 1909) generally showed the
crescent-shaped crista. In addition, there was a clear depression in the
erista in members of the genus Plesictis (e.g. de Beaurnont & Weidmann,
1981), presumably homologous to the indention involved in the morpho-
type E 2.

Therefore, there is a general trend in the evolution of the lineage of
M. martes and M. foina involving progressive simplification and reduction
of the crista or the protocone in the inner lobe of M' In terms of the
trend the Pavlinov’s (1974) morphotype and the morphotypes D 9 and
D 10 are most primitive, while the morphotype D 1 is most progressive.
Likewise, the morphotype E 2 seems to be more primitive than E 1.
Thus, M. foina is more progressive than M. martes in respect of the
morphology of the occlusal surface of the M’ inner lobe.

4,43, Variation in Ps and Pa

The morphotypes of group B describe the variation in the morphology
of the posterior ridge of the protoconid of P: and P« in the Polish martens
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{Fig. 8). Judging by descriptions and figures included in many papers
of authors from wvarious countries, it is most likely also in other pop-
ulations that the dominant morphotypes are B 1 and B 2 for P: and
B 3 and B 4 for P« in M. martes, while in M. foina they are B 1 and
B 5 respectively. Ps in a specimen of M. vetus reproduced both by Dehm
(1962) and by Anderson (1970) shows a small posterior accessory cusp,
while in the Cracow specimen of M. wenzensis (M¥F/342/60) Ps and P
resemble in morphology the morphotypes B 2 and B 4 respectively,
in sgite of a slight wear of the teeth. Other members of the genus Martes,
hoth the recent and fossil ones, show various patterns in the morphelogy
of Pi and Ps, with the former tooth being usually cuspless (the morpho-
types B 1—B 3) and the latter cusped (the morphotypes B 4 and B 5).
All the patterns, however, are contained in the variation range described
by the morphotypes of group B. The polymorphism of Ps and P« found
in M, martes (Miller, 1912; Pavlinin, 1962; the present paper), M. foina
{the present paper), M. americana, and M. zibelling (Pavlinin, 1962) is in
all likelihood characteristic of other recent and fossil species of the
genus as well. Ps in a specimen of Paragale hiirzeleri reproduced by
Petter (1967a) resembles the morphotype B 3 in morphology, while in
members of the genus Plesiogale both P: and Ps were cusped (Dehm,
1950) or resembled the meorphotype B 3 (Simpson, 1946; Miller, 1970).
All ‘he morphotypes of group B may be seen in the two teeth both in
the members of the mustelid stemn group (e.g. Dehm, 1950) and in the
miadds (e.g. Matthew, 1909), which showed a great variety in respect
of tke morphology of the posterior ridge of the protoconid.

Therefore, there is a general trend in the evolution of the lineage of
M. martes and M. foina involving progressive simplification in the
morphological pattern of the posterior ridge of the protoconid in Ps: and
Ps, 11 terms of the trend the morphotype B 5 is most primitive and the
morphotype B 1 most progressive. Ps has more distinctly been affected
by tie trend, resulting in the more simplfied morphology than it is for
Ps, vhich is in accordance with a gradient of tooth shape and size in the
cheet dentition.

444, Variation in P!, P1, and Mz

Tible 6 and Fig. 4 show the variation in number of the cheek teeth
and in relative size of M: respectively in the Polish martens. Judging by
the iterature data (Rottcher, 1963; Abeljencev, 1968; Opatrny, 1972, 1973),
also other populations of the two species are most likely affected by
the :ongenital tooth loss involving P!, P;, and M: and occurring more
freqiently in M. foina than in M. martes, with P: being most frequently
missng. The above is also true for M. emericane (Hall, 1940; Marshall,
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1952) and most likely for most other members of the genus, in which
P, P, and M: are typically small one-rooted teeth (e.g. Anderson, 1970),
The index (DM:X100)/WM. calculated from the means given by Anderson
(1970: Table 3) for M. vetus is about 93 and that calculated from Dehm’s
(1962: Taf. 4, Fig. 4b) data is about 102. For the Miocene martens, such
as Martes kinseyi Gidley, 1927 and Martes sansaniensis (Lartet, 1851), the
index values are respectively 109 and 105—130 (calculated from the data
of Gidley, 1927: Fig. 1 and Ginsburg, 1961: Pl. IX, Fig. 6b, Pl. X, Fig. 4c,
respectively). The two-rooted M: was characteristic of the most members
of the mustelid stem group and P* and P: were generally less reduced
than it is typical of the genus Martes, often showing two roots (e.g. Dehm,
1950). The above was also true for a great many miacids (e.g. Matthew,
1969).

Therefore, there is a general trend in the evolution of the lineage of
M. martes and M. foina involving progressive reduction in size, ac-
companied by simultaneous simplification in shape, with subsequent
loss of the peripheral teeth of the cheek dentition. P: has most distinetly
been affected by the trend. Thus, in terms of the trend M. foina is more
progressive than M. martes.
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Mieczystaw WOLSAN, Andrzej L. RUPRECHT, Tadeusz BUCHALCZYK

ZMIENNOSC 1 ASYMETRIA W UZEBIENIU KUNY LESNEJ 1 DOMOWEJ
(MARTES MARTES 1 M. FOINA) Z POLSKI

Streszczenie

Badania przeprowadzono na 220 (126 samecéw i 94 samice} czaszkach kuny les-
nej, Martes martes (Linnaeus, 1758}, oraz 43 (30 samebw i 13 samic) czaszkach kuny
domowe]j, Martes foina (Erxleben, 1777), pochodzacych z obszaru Polski. Dokonanoe
pomiaréw diugosei i szerokosei P? | M1, a takie szerokodei talonidu Mi, i naj-
wiekszej Srednicy Me (Tabela 1). Na ich podstawie obliczono indeksy charakteryzu-
jace wezgledng szerokosé P® (WPRX100/LP?%), wzgledng diugoié plata wewnetrznego
M (LM!X100/WM?") oraz wzgledng wielkoéé Mz (DMe2X100/WM1)(Tabela 3; Rye, 2—4),
Wyodrebniono pieé grup morfotypéw (A—E) opisujacych zmiennodé morfologiczng
P* (Ryc, 5 i 6), Ps i Pa (Ryc. 7 i B), oraz M! (Tabela 5, Ryc. 9—13), a takie
obliczono czestoSci wrodzonych ubytkébw w uzebieniu policzkowym (Tabela 6,
Ponadto scharakteryzowano dwuboczng asymetrie dokonanych pomiaréw (Tabela
1 i 7) oraz wystepowania morfotypdw (Tab. 8) i wrodzonych oligodoncji (Tab. 9).

Zakresy zmiennoSci cech uzebienia dla odrdinienia kuny lesnej od domowej,
zardwno tych dotychezas proponowanych w literaturze jak i zaprezentowanych po
raz pierwszy w tej pracy, zachodzy na siebie. Aby zwiekszyé prawdopodobiefistwo
prawidlowego oznaczenia, powinno sie wiec rozwazaé wszystkie mozliwe w danym
przypadku cechy rdwnoczedénie. Do przydatnych pod tym wzgledem nalezg: (1)
zarys cingulum P3%, zwigzany z liczhg korzeni {(morfotypy grupy A i indeks
WPEX100/LP3), (2) wielkost i ksztalt P4, (3) wzgledna diugo$é plata wewnetrznego
M! (indeks LM!X100/WM!) oraz zarys cingulum plata zewnetrznego (morfotypy
grupy C)} i morfologia protokonu (morfotypy grupy E), a takie (4) wielkosé P,
(5) morfologia tylnej krawedzi protokonidu Ps i P4 (morfotypy grupy B), (6) stosunek
trigonidu M1 do talonidu, oraz (7) wzgledna wielkodé M (indeks DMzX100/WMa).

Dymorfizm plciowy zaznacza sie nie tylko w wielkosei zgbdw, z samcami na
ogdl wiekszymi od samic, ale takie w ich ksztalcie i ifendencji do wrodzonych
oligodoneji, bardziej czestych u samic aniZeli u samcow.

Zaréwno zmiennost jak i asymetria s na ogdl wigksze dla zebéw skrajnych
uzebienia policzkowego, ¢o zwigzane jest z istnieniem gradientu ksztaltu i wielkosci
w szeregu zebowym, Ponadto, stwierdzono zwigzek pomiedzy czestodcia wystepo-
wania danego morfotypu w populacji a asymetrycznoscia jego pojawiania sig: im
morfotyp bardziej rzadki tym czeSciej wystepuje asymetrycznie (jednostronnie).

wp.erajgc sie na danych paleontologicznych, wykazano, Ze obserwowana u
badanych kun zmiennoéé odzwierciedla ich przeszio$é filogenetyczna, tzn. warianty
skrajne zakreséw zmiennosei moga by¢ interpretowane jako najbardziej prymityw-
ne lub progresywrne,



