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Polym orphism s of Pj, P3, P4, and M 1 are described by m orphotypes in 28 
recent populations of M artes m artes (n=828), M. martes x M. zibellina  
(n=37), M. zibellina  (n=749), M. m elam pus  (n = l), M. americana (n=28), M. 
fo ina  (n=593), M. flavigula  (n=53), and M. pennanti (n=4). Both the species 
and the ir populations differed qualitatively  and quantitatively  from each 
o ther in  the m orphotype frequency distributions. S tatistically  significant 
sexual dim orphism  in frequency distribu tions of the  morphotypes was 
discovered only foi

occurred either bil „ , .  « ,  ,
m orphotype the g rea ter an am ount of the righ t-left asymmetry. The results 
indicate th a t both  genetic and environm ental factors determ ine a 
m orphotype. Supporting  evidence is presented for a hypothesis th a t the po
lym orphous characters are derived from a Late Cretaceous/Early Paleogene 
eu therian  ancestor and th a t ontogeny in living m artens recapitu lates the 
Cenozoic evolution of tooth morphology in the lineage of Martes. A model 
of th e  genetic control of evolutionary changes in dental morphology is pro
posed. According to  the model, a t an early  stage of tooth development, 
threshold  m echanism s connected w ith size would operate, whereby dental 
structures reaching the threshold continued to develop, w hile the others 
atrophied. Genetic inform ation responsible for the antethreshold m orphologi
cal pattern  would be v irtually  stable during evolution. A general trend to 
progressive sim plification in the postthreshold pa tte rn  of dental morpholo
gy would be an effect of gradual changes in frequencies of m orphotypes to
w ards the sim plest morphologically, resulting  from the progressive upw ard 
m ovement of the threshold level and /or the backw ard movement of the 
threshold  stage. These movements would be caused by qualitative changes 
in a set of other genes than  those of the antethreshold m orphological pattern.

[Institute o f System atic and E xperim ental Zoology, Polish Academy of 
Sciences, S ław kow ska 17, 31—016 Kraków, Poland]

Musteloid carnivores developed in two radiations (Schmidt-Kittler,
1984). The earlier one originated in the Oligocene, w ith procyonids as 
living descendants. The second radiation, comprising mustelids, arose 
with the beginning of the Early Miocene. Both the radiations gave rise
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being more often
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to a great number of lineages, with maximum diversity in the Mioce
ne. The real relationships within musteloids are hidden by a number 
of parallelisms in their evolution. Moreover, mustelids show a distinct 
sexual dimorphism in body size (Moors, 1980), which impedes their 
taxonomic identification.

This paper presents some tooth characters, independent of sex for 
the most part, which may be helpful in elucidating the phylogeny of 
mustelids. Attempts were made to reconstruct the evolution of dental 
morphology in the lineage of Martes during the Cenozoic. Martens 
were chosen because they seem to be close to the basal stock of mus
telids, as indicated by several primitive characters (Anderson, 1970) 
and occurrence since the Early Miocene (Roth & Mein, 1987). In addi
tion, a model of the genetic control of evolutionary changes in dental 
morphology is proposed.

2. MATERIAL

The study is based on a survey of perm anent dentitions in 2293 recent specimens of the 
genus Martes Pinel, 1792. The seven species studied include: the European pine m arten 
Martes (Martes) martes {Linnaeus, 1758), the sable M. (M.) zibellina  (Linnaeus, 1758), the 
Japanese m arten M. (M.) melampits (Wagner, 1841), the American pine m arten Ai. (M.) 
americana (Turton, 1806), the stone m arten M. (M.) foina  (Erxleben, 1777), the yellow 
-throated m arten  M. (Charronia) flavigula  (Boddaert, 1785), and the fisher M. (Pękania) 
pennanti (Erxleben, 1777). The European pine m artens cam e from France (n=25), A ustria 
(n=60), Bohemia (n=125), M oravia (n=46), Slovakia (n=43), Poland (n=230), northern  
part of the European USSR (n=127; Novgorodskaya O blast', Leningradskaya O blast’, 
Finno-K arelian ASSR, A rkhangel’skaya O blast’), central p a rt of the European USSR 
(n=47; Moskovskaya O blast’), U kraine (n=25), Caucasus Mts region (n=90; K uban’ re
gion, Caucasus Mts, Georgian SSR), and Ural Mts region (n=10; B ashkir ASSR). The sa 
bles were caught in the U ral Mts region (n=150; U ral’skaya O blast’, Perm skaya O blast’, 
Pechoro-Ilychskiy N ature Reserve, Kondo-Sos’vinskiy N ature Reserve), central Asia 
(n=238; USSR: Irtysh region, Altai, Sayan, K rasnoyarskiy Kray, Irkutskaya O blast’, Bu- 
ryat-M ongol ASSR), K am chatka (n=306), and F ar East (n=55; USSR: A m urskaya 
O blast’, K habarovskiy Kray, Prim orskiy Kray, Sakhalin). The single Japanese m arten  
involved Japan  and the American p ine m artens referred to  th e  Alaska and  M ontana pop
ulations (n=28). The stone m artens cam e from France (n = 68), A ustria (n=52), Bohem ia 
(n=138), Moravia (n=125), Poland (n=57), U kraine (n=56), Caucasus Mts region (n=84; 
Caucasus Mts, Georgian SSR, A zerbaidzhán SSR, Arm enian SSR), and central Asia 
(n= 13; Kopet Dagh, Pam irs, Tien Shan, Altai, Mongolia). The yellow -throated m artens 
were hunted in the F ar East of the USSR (n=53; Prim orskiy Kray), w hereas the fishers 
were from M anitoba and M ontana (n=4). In addition, 37 specimens of the hybrid M. 
martes x JVf. zibellina  from the U ral Mts region (Pechoro-Ilychskiy N ature Reserve) w ere 
available.

The specimens exam ined belong to  the collections of the Mammal Research Institu te , 
Polish Academy of Sciences, Białowieża; the Institu te  of System atic and Ecological Bi
ology, Czechoslovak Academy of Sciences, Brno; the M oravian Museum, Brno; the Insti
tu te  of System atic and Experim ental Zoology, Polish Academy of Sciences, Cracow; th e  
Institu te  of Animal Biology, University of Dijon; the Institu te  of Zoology, Academy of



Dental polym orphism  in Martes 547

Sciences of the U krain ian  SSR, Kiev; the Zoological Institu te, Academy of Sciences of 
th e  USSR, Leningrad; the Guim et M useum of N atu ra l History, Lyon; the D epartm ent of 
E arth  Sciences, C. B ernard University, Lyon; the Zoological Museum, Moscow S tate  
U niversity; the L aboratory  of Mammal and B ird Zoology and the Laboratory of Com para
tive Anatom y, N ational Museum of N atural H istory, Paris; the L aboratory of V ertebrate 
and  H um an Palaeontology, P. & M. Curie University, Paris; the D epartm ent of System atic 
Zoology, A. Mickiewicz University, Poznań; the Institu te  of System atic Zoology, Charles 
U niversity, Prague; the  N ational Museum (N atural H istory), Prague; the N atural H istory 
Museum, Vienna; and  to  the private collection of Dr. A, L. Ruprecht, Białowieża.

The m aterial exam ined by Wolsan et al. (1985) and Wolsan (1988) w as included.

3. METHODS

To describe the dental polymorphism, seven groups of m orphotypes were distinguished. 
G roup A (Wolsan et al., 1985) deals w ith P3. V ariation in this tooth is m anifested by the 
occurrence of m orphological patterns representing  transitional stages from three to  two 
roots, accom panied by gradual changes in the base of crown (Fig. 1):
A l — tw o roots, no concavity in the lingual contour of the crown in occlusal view;
A2 — tw o roots, the posterolingual contour of the crown is concave in occlusal view;
A3 —  two roots, a  concavity is visible both  in th e  posterior and in the an terior p art of 
the lingual contour of the crown in occlusal view;
A4 — th ree roots, w ith the sm allest one placed lingually; the posterolingual and antero- 
lingual contour concavities are distinct in occlusal view.

The m orphotypes of group B (Wolsan et al., 1985) describe the polymorphisms of P 3 
and P4. They consist in the occurrence of m orphological patterns representing transition
al stages from a small bu t d istinct cusp on the  posterior ridge of the protoconid to no 
trace of the cusp (Fig. 2):
B1 — th e  posterior ridge of the protoconid w ithout any convexity;
B2 — the posterior slope of the protoconid w ith  a sm all elevation passing smoothly into 
the ridge;
B3 — the posterior slope of the protoconid shows a sm all elevation w hich passes an te
riorly into the ridge at a right angle;
B4 — the posterior slope of the protoconid exhibits a cusp-like elevation separated an te
riorly from the ridge by a shallow occlusobasal V -shaped indentation;
B5 — the posterior slope of the protoconid bears a small but d istinct cusp separated 
anteriorly  from the ridge by a clear V- or U -shaped occlusobasal depression.

The m orphotypes of group C (Wolsan et al., 1985) describe varia tion  in the posterobuc- 
cal p a rt of M 1, consisting in  the occurrence of m orphological patterns which represent 
transitional stages from a d istinct V-shaped indentation  in the contour of the cingulum 
to no trace of any concavity, accom panied by gradual changes in the size of the metaco
ne and posterobuccal root (Fig. 3):
C l — no concavity in  the contour of the posterobuccal cingulum, the m etacone and pos
terobuccal root a re  small;
C2 — the  posterobuccal contour of th e  cingulum  is slightly concave, the m etacone and 
posterobuccal root are interm ediate in size as com pared w ith  those in m orphotypes Cl 
and C3;
C3 — the posterobuccal contour of the crown shows a d istinct V-shaped indentation in 
occlusal view, the m etacone and posterobuccal root a re  large.

Group D (Wolsan, 1988) deals w ith  the posterolingual p a rt of M'. The polymorphism 
of this crown region consists in the occurrence of some accessory elevations of the en-
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amel surface. These elevations form m inor ridges and cuspules of variable size and  form, 
developed along two curves branching from the posterior p a rt of the m edial ridge 
(which runs posterolingually from the anterom edial cingulum) and  crossing the  poste- 
rolingual p a rt of the occlusal surface to reach the posterior cingulum . The three regions 
w ere distinguished both in  the buccal and in the lingual curve: the an terio r (designated 
a and d, respectively), m edial (b and e), and posterior (c and f). The m orphotypes were 
nam ed according to the designation of the curve regions in which the elevations occurred. 
The absence of any elevation was term ed D- (Fig. 4).

Group E (Wolsan, 1988) deals w ith  the ridge which runs posterolingually from the an- 
terom edial cingulum  of M1. Variation in this ridge is m anifested by the occurrence 
of m orphological patterns representing transitional stages from a deep occlusobasal 
depression in about half of the ridge length to no trace of any concavity (Fig. 6):
E l — the ridge w ithout any concavity;
E2 — the ridge exhibits a V- or U -shaped occlusobasal depression in about half of the 
length.

The m orphotypes of groups F  and G describe the presence-absence polymorphism s of 
P 1 and P t, respectively:
FI (G l) — P 1 (P,) is present;
F2 (G2) — P 1 (P]) is congenitally absent.

Both the left and the right teeth of each specimen were included in m orphotype count
ing because of a frequent asymmetric occurrence of the m orphotypes. If th e  num ber of 
scored teeth (N) given in  figures is sm aller than  tw ice as m any as the corresponding 
num ber of skulls (n), it was caused by missing teeth, heavy wear, or abnorm al tooth  de
velopm ent w hich prevent the definite determ ination of a morphotype.

The absence of Pj was noted only when there was no sign of its prior presence in den
tition, th a t is when there was neither socket nor any trace  of its overgrowing. Teeth in 
carnivores, particu larly  the sm allest ones in  the postcanine tooth  row, tend to  be lost d u r
ing an anim al's life and the ir sockets to be overgrown. Hence, the older a carnivore the 
more probable it becomes to recognize incorrectly a tooth deficiency as congenital. To 
minimize the num ber of m isinterpretations, the old specimens were left out of account.

4. RESULTS

The absolute and percentage frequency distributions of the morpho
types of groups A-G in the populations are presented in Figs 1-4 and 
6-8. For the frequency distributions of enamel elevations a-f see Fig. 5. 
When the absolute frequency distributions for females and males were 
compared by the chi-square test, significant differences (p<0.05) oc
curred only for the morphotypes of group G (Fig. 8). The same mor
photype affects either both body sides or one side only, and generally 

. the less frequent a morphotype the greater an amount of the right-left 
asymmetry (Figs 1-8).

5. DISCUSSION

5. 1. Ontogeny

The features of polymorphisms A-G clearly fit the criteria of quasi- 
-continuous variation which is believed to be due to threshold effects
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(Glass & Todd, 1977). Threshold mechanisms would operate at an ear
ly stage of ontogeny. Those elements of a structure which reached the 
threshold at the critical stage of development would continue to devel
op, while the others would fail to develop any further. Therefore, for 
thresholds connected with size, the smaller a developing structure the 
more likely it is to atrophy. Consequently, the more frequent a tooth 
structure in completely developed dentitions the more probable it was 
for it to be well developed at the threshold stage. Thus, employing 
polymorphisms A-G and frequency distributions of the morphotypes 
and elevations a-f, it seems possible to reconstruct a highly probable 
morphological pattern of the involved tooth regions before and at the 
threshold stage (Wolsan, 1988).

And so, it seems very probable that the antethreshold morphological 
pattern of P3 in M artes corresponds to morphotype A4, showing buds 
of the three roots, with the smallest one placed lingually, and a distinct 
concavity in the anterior and posterior parts of the lingual contour of 
the cingulum homologue. During the postthreshold stage, according to 
the size of the lingual root bud at the threshold stage and to the thresh
old level, the bud would continue to develop, remaining as a separate 
root in a completely developed tooth (morphotype A4) or it would fail 
to develop, fusing partially (A3 and A2) or entirely (A l) w ith the poste
rior root. Progressive reduction in the size of the lingual root would be 
accompanied by simultaneous simplification in the shape of the lingual 
contour of the cingulum, with the posterior concavity persisting longer 
than the anterior one.

For P3 and P4 in Martes, the posterior slope of the protoconid bud 
most likely bears a small cusp at the antethreshold stage, resembling 
morphotype B5. According to the size of this cusp at the threshold stage 
and to the threshold level, the cusp would continue to develop during 
the postthreshold stage, remaining as a small but distinct cusp in a 
completely developed tooth (morphotype B5), or it would fail to de
velop, fusing partially (B4-B2) or entirely (Bl) with the posterior ridge 
of the protoconid.

At the antethreshold stage of the M1 ontogeny in M artes, in all like
lihood, the buds of the metacone and posterobuccal root are relatively 
large and the posterobuccal contour of the cingulum homologue shows 
a distinct indentation, corresponding to morphotype C3. During the 
postthreshold stage, according to the size of the buds of the metacone 
and posterobuccal root at the threshold stage and also to the threshold 
level, these buds would continue to develop, resulting in morphotype 
C3, or they would undergo a gradual size reduction as compared to 
other elements of a developing tooth germ (C2 and Cl). Progressive re
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duction in the size of the metacone and posterobuccal root would be 
accompanied by simultaneous simplification in the shape of the poste
robuccal contour of the cingulum.

The topography of the M1 crown in completely developed marten den
titions suggests that the antethreshold morphological pattern of the 
tooth shows the three ridges on the occlusal surface: the postero
buccal, posterolingual, and anterobuccal, corresponding, respectively, 
to the complete elevations abc and def and the ridge which runs from the 
medial part of the anterior cingulum to the centre of the lingual part 
of the crown. Some portions of the three ridges would be strongly de
veloped, some others, poorly, resulting in the occurrence of swellings 
and depressions, respectively. The swellings, usually cusp-like, would 
occur in the anterior and posterior parts of the anterobuccal ridge 
and also in the c and e regions, whereas the depressions would occupy 
the medial part of the anterobuccal ridge and the b and d regions (val
leys) and also regions a and f (slopes), as indicated by the shape and 
frequencies of elevations a-f and by polymorphism E. Thus, the ante
threshold pattern would refer to morphotypes Dabcdef and E2. Accord
ing to the size of the three ridges at the threshold stage and to the 
threshold level, some portions of the ridges would continue to develop 
during the postthreshold stage, while some others would fail to devel
op, resulting in polymorphisms D and E in completely developed den
titions (Wolsan, 1988).

In all probability, the germs of Pl and Pj are present at the ante
threshold stage of dental ontogeny in Martes. According to the size of 
these germs at the threshold stage and to the threshold level, the germs 
would continue to develop during the postthreshold stage, occurring in 
completely developed dentitions (morphotypes FI and Gl), or they 
would fail to develop, resulting in morphotypes F2 and G2. Marten 
teeth are generally smaller in females than in males (Wolsan et al.,
1985), which is presumably also true for the tooth germs. This would  
account for the higher frequency of the congenital deficiencies of P] in  
females (Fig. 8).

5. 2. Etiology

The morphological variations studied show an evident regularity 
with respect to the site of appearance and the form. For instance, the 
enamel elevations essential for the non-D-morphotypes were developed  
exactly along two curves of constant route, with a cusp-like elevation  
frequent in curve regions c and e and some enamel ridges or banks 
predominant in the other regions (Fig. 4).

The extant marten species, of the subgenus M artes in particular,



D ental polym orphism  in M artes 551

show the same patterns of dental variability. The species differ each 
other in frequency distributions of the morphotypes. The differences, 
though expressed to a lesser degree, exist also at the population level. 
A geographical distribution of the morphotype frequencies shows an 
obvious clinal pattern in some instances. For example, the E2 frequen
cy in M. m artes usually decreases with the distance from Slovakia 
(Fig. 6).

Finally, the morphotype frequency distributions for the Ural Mts 
population of the hybrid M. m artes x M. zibellina are generally of a 
clear transitional pattern as compared with those for the sympatric 
populations of M. m artes and M. zibellina. For instance, the E l frequen
cies are 39%, 79%, and 8%, respectively (Fig. 6).

All the facts mentioned above indicate that the morphological cha
racters involved in polymorphisms A-G are hereditary. Genetic infor
mation would be responsible for the antethreshold morphological pat
tern, the height of the threshold, and the location of the threshold 
event in ontogeny. The amount of the right-left asymmetry in occur
rence of the morphotypes suggests that apart from genetic influences, 
also some environmental ones are important in determining the final 
morphological pattern. It seems, however, that non-genetic factors 
produce only slight movements of the threshold level and threshold 
stage (Wolsan, 1988).

5. 3. Evolution

Because polymorphisms A-G are evidently under a strong genetic 
control, there are two possible explanations for their presence in the re
cent members of the genus Martes. The first explanation would be that 
the polymorphous characters are derived from a Late Cretaceous/Ear
ly Paleogene eutherian ancestor. The second explanation would imply 
that these characters are determined by genes which originated as a re
sult of some relatively recent mutations; then they would be analogous 
to or apomorphous with respect to the corresponding characters in ear
ly eutherian mammals (Wolsan, 1988).

Polymorphisms A-G affect all the extant marten species, which sug
gests that they are inherited from their common ancestor. It seems to 
be unlikely that we are dealing with a homoplastic similarity. That pa
tristic characters are concerned is supported by paleontological evi
dence. Morphotypes A1-A3, B1-B3 for P3, B3-B5 for P4, C1-C3, D-, E l 
or E2, FI, and G1 prevail in the living species of M artes, which was 
presumably also true for other Quaternary members of this genus 
(Heller, 1933; Dehm, 1962; Anderson, 1970; Rabeder, 1976). The pre
served remains of Neogene martens suggest that morphotypes A3, B2
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and B3 (P3), B4 and B5 (P4), C3, Dabc and Dac, E2, FI, and G1 belong
ed to the commonest ones within groups A-G during the Neogene 
(Gaillard, 1899; Viret, 1933; Dehm, 1950; Ginsburg, 1961, 1977; Petter, 
1967a, 1971; Ginsburg & Bulot, 1982; Wolsan et a l ,  1985; Wolsan, 
1988). In the holotype specimen of the Early Miocene Paragale huerze- 
leri Petter, 1967, one of the oldest known mustelids (Schmidt-Kittler, 
1981), M1 resembles morphotype Dabcdef in morphology (Petter, 
1967b).

Furthermore, the dental morphological patterns in some eutherian 
mammals from the Late Cretaceous and Early Paleogene (Vandebroek, 
1961) were strikingly congruent w ith those extrapolated for the ante- 
threshold stage of dental ontogeny in m odem  martens. And so, P3 in 
the early eutherians usually had the three roots: the anterior, poste
rior, and lingual, and the contour of its cingulum was triangular with 
rounded vertices and concave lingual sides, as in morphotype A4; P3 
and P4 generally bore a small cusp on the posterior slope of the proto- 
conid (morphotype B5). The characteristic feature of these mammals 
was the presence of four premolars in each jaw quadrant, involving 
morphotypes FI and G l, and the tribosphenic molar morphology. The 
occlusal surface of the upper tribosphenic molar (Fig. 9) showed the 
three major cusps: the anterobuccal (paracone), posterobuccal (meta
cone), and lingual (protocone), which were connected each other by a 
crest or ridge. The paracone-protocone and metacone-protocone crests 
formed a minor cusp in about half of their lengths: the paraconule and 
metaconule, respectively. These cuspules were additionally joined by a 
short crest with, respectively, the anteromedial and posteromedial ' I 
parts of the cingulum. Sometimes, there was also a cusp (hypocone) in 
the posterolingual part of the crown. It might have been united by a 
crest with the protocone and/or the posterior cingulum. In addition, a 
distinct indentation often occurred in the contour of the cingulum be
tween the paracone and metacone, as in morphotype C3. The anterior 
cingulum-paraconule-protocone crest of the tribosphenic molar would  
correspond to the ridge which runs from the anteromedial cingulum to 
the centre of the occlusal surface of the M1 crown in recent martens, 
with a depression separating the paraconule and protocone as a coun
terpart of that essential for morphotype E2. The protocone-metaconu- 
le-posterior cingulum crest would conform with the complete abc enam
el elevation, with the posterior protocone slope, the depression be
tween the protocone and metaconule, and the metaconule with its pos
terior crest as equivalents of elevations a, b, and c, respectively. Final
ly, the protocone-hypocone-posterior cingulum crest would refer to  
the complete def enamel elevation, with the anterior hypocone crest,
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the hypocone, and its posterior crest corresponding to elevations d, e, 
and f, respectively (Wolsan, 1988).

Thus, the paleontological evidence supports the idea that the mor
phological characters involved in polymorphisms A—G are derived 
from some Late Cretaceous/Early Paleogene eutherians. It seems that 
there is only little probability for morphological patterns as complex 
as that of the upper tribosphenic molar to originate independently 
tw ice in evolution (Wolsan, 1988).

The paleontological data indicate that polymorphisms A—G were 
characteristic of the extinct marten species, too (Wolsan et al., 1985), 
which was probably also true for their ancestors, including those of 
the Late Cretaceous and Early Paleogene. This would suggest that the 
dental ontogenetic mechanisms in early eutherian ancestors of the 
lineage of M artes were the same as or similar to those in their living 
descendants. Therefore, genetic information responsible for the ante- 
threshold morphological pattern of the tooth regions studied would 
not be a subject to a significant change during the Cenozoic evolution 
of the marten lineage. A general trend to progressive simplification in 
the morphological pattern of dentition in the lineage of M artes would 
be an effect of gradual changes in frequencies of the morphotypes to
wards the simplest in morphology, namely from A4 through A3 and A2 
to A l, from B5 through B4, B3 and B2 to B l, from C3 through C2 to 
C l, from Dabcdef through Dabcde, Dabce, Dabc, Dac and Dc to D- 
(Fig. 9), from E2 to E l, from FI to F2, and from G1 to G2 (Wolsan et 
al., 1985; Wolsan, 1988). The gradual changes in the morphotype fre
quencies would result from the progressive upward movement of the 
threshold level and/or the backward movement of the threshold stage 
(Fig. 10). These movements would be caused by qualitative changes in 
a set of other genes than those of the antethreshold morphological pat
tern. The former would constitute a significant part in a hierarchic set 
of the genes of Butler’s (1939) morphogenetic field.

The model of the genetic control of evolutionary changes in dental 
morphology proposed above explains their gradation and directness 
and the positive correlation between the size of a tooth and the com
plexity of its morphological pattern both for teeth within the same tooth 
row and for the homologous teeth of closely related species. It also 
accounts for a great potential adaptability of mammalian dentitions, 
which is manifested by dental polymorphism, and for the occurrence 
of rare morphological variants that are often erroneously called 
atavisms or anomalies.
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| l  1 4 ( 4 6 5 )

\ 7 6 ( 1 6 1 )  
16 (5)

0 100%0 100% 0 100%
Fig. 1. Diagrams, frequency distributions, and  righ t-left asymmetry of the mophotypes 
of group A. For solid histogram s, the percentage frequency (horizontal scale) is plo tted  
against the corresponding m orphotype (vertical scale). For open histogram s, the percen t
age of un ila te ra l occurrences in the sum  of un ila tera l and bila tera l occurrences (hori
zontal scale) is p lo tted  against the corresponding m orphotype (vertical scale). The num 
bers to the righ t of the horizontal solid bars show the absolute frequencies of the corre
sponding morphotypes. The num bers to the righ t of the horizontal open bars indicate the 
absolute frequencies of the  un ila te ra l and, in parentheses, b ila tera l occurrences of the  
corresponding m orphotypes. N  and n are the num bers of scored teeth  and skulls, respec

tively. Continued on pp. 557—558.
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Fig. 1. Continued.
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Fig. 1. Concluded.
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Fig. 2. Dagrams, frequency distributions, and right-left asymmetry of the morphotypes 

of group B. For explanation see Fig. 1. Continued on pp. 560—564.
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Fig, 2. Continued.
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Fig, 2. Continued.
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Fig. 2. Continued.
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Fig. 2. Continued.
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Fig. 2. Concluded.
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Fig. 3. D iagram s, frequency distributions, and  righ t-left asym m etry of the m orphotypes 
of group C. For explanation  see Fig. 1 Continued on pp. 566—567.
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Fig. 3. Continued.
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Fig. 4. Diagrams, frequency distributions, and  righ t-left asym m etry of the m orphotypes of group D. F or explanation see Fig. 1.
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Fig. 5. Frequency distribu tions and  righ t-left asym m etry of enamel elevations a—f. For 
solid histograms, the percentage frequency (horizontal scale) is p lo tted  against the  corre
sponding elevation (vertical scale). For open histogram s, the percentage of un ila tera l oc
currences in the sum of un ila te ra l and b ila tera l occurrences (horizontal scale) is plotted 
against the corresponding elevation (vertical scale). The num bers to  the righ t of the hori
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N, and n are the num bers of scored elevations, teeth, and skulls, respectively. Continued

on pp. 580—582.
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Fig. 7. Frequency distributions and righ t-left asym m etry of the m orphotypes of group F. 
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Fig. 8. Frequency distribu tions and righ t-left asym m etry of the m orphotypes of group G. F or solid histogram s, the percentage 
frequency (horizontal scale) is plo tted  against the corresponding m orphotype (vertical scale). For open histogram s, the 
percentage of un ila tera l occurrences in the sum of un ila tera l and b ilateral occurrences (horizontal scale) is plotted against 
the  corresponding m orphotype (vertical scale). The num bers to  the righ t of the horizontal solid bars show the absolute 
frequencies of the corresponding m orphotypes for females, males, and specim ens of undeterm ined sex, respectively from 
left to  right. The num bers to  the righ t of the horizontal open bars indicate the absolute frequencies of the un ila tera l and, 
in parentheses, b ila tera l occurrences of the corresponding m orphotypes, N and n are the num bers of scored teeth  and 
skulls, respectively. Plus signs in  parentheses indicate the populations for w hich sta tistica lly  significant differences between 
female and m ale absolute frequency distributions w ere discovered by the  chi-square test: (+) for 0.001<p<0.05, ( ++)  for

p<0.001. Continued on pp. 588—589.
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R e c e n t
M a r t e s

H y p o t h e t i c a l  L a t e  
C r e t a c e o u s / E a r l y  
P a l e o g e n e  a n c e s t o r  
o f  t h e  l i n e a g e  o f  
M a r t e s

Fig. 9. H ypothetical sequence of the morphological patterns of M1 in the Cenozoic evolu
tion of the lineage of Aiaries. The corresponding m orphotypes are fixed. Cg=cingulum , 
Hy=hypocone, M e=m etacone, M el=m etaconule, P a=paracone, Pal=paraconule, 
P r=protocone; a, b, and c indicate, respectively, the anterior, medial, and posterior 
regions of the protocone-m etaconule-posterior cingulum  crest, and d, e, and  f  are, 

respectively, those of the protocone-hypocone-posterior cingulum  crest.
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I b  ' T ¡ T  I

Ib I l
Ib * l l *

ANTETHRESHOLD THRESHOLD POSTTHRESHOLD
STAGE , STAGE STAGE

O N T 0  G E , N Y

Fig. 10. Model of the genetic control of changes in  dental morphology during evolution. 
Genetic inform ation responsible for the antethreshold  m orphological pa tte rn  is v irtually  
stable. G radual sim plification in the postthreshold pa tte rn  of dental morphology results 
from the upw ard movement of the threshold (T) and /o r the  backw ard movement of the 
threshold stage which are caused by qualita tive changes in  a set of other genes than 

those of the antethreshold  pattern .
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Mieczysław WOLSAN

POLIMORFIZM UZĘBIENIA W RODZAJU M ARTES (CARNIVORA: M USTELIDAE) 

ORAZ JEGO ZNACZENIE EWOLUCYJNE .

Streszczenie

Stosując siedem grup m orfotypów (Ryc. 1—4, 6—8), opisano polim orfizm P}, P |, P4 
i M 1 w 28 współczesnych populacjach M artes martes (n=828), Hi. martes x JVÍ. zibellina  
(n=37), M. ztbeilina (n=749), M. m elam pus  (n=l ) ,  M. americana  (n=28), M. foina  
(n=593), M. flavigula  (n=53) i M. pennanti {n=4). Zarówno gatunki, jak też ich popu la
cje, różnią się jakościowo i ilościowo rozkładam i częstości m orfotypów  (Ryc. 1—8). S ta 
tystycznie istotny dymorfizm płciowy w rozkładach częstości morfotypów (p<0.05) w y
kazano jedynie dla polim orfizmu G (Ryc. 8). Morfotypy występowały dw ustronnie lub 
jednostronnie, przy czym im dany m orfotyp był rzadszy w populacji, tym  częściej po ja
w iał się tylko z jednej strony ciała (Ryc. 1—8).

Cechy morfologiczne uzębienia zw iązane z polimorfizmem A—G odznaczają się stałym  
miejscem w ystępowania i zależnym od tego miejsca kształtem . B adane gatunki, zw łasz
cza w  obrębie podrodzaju Martes, w ykazują takie same wzorce zmienności. Zmienność 
geograficzna rozkładów częstości morfotypów m a często charak ter klinalny. W populacji 
JVÍ. martes x M. zibellina  morfotypy osiągają na ogół częstości pośrednie w porównaniu 
z odpowiadającym i im w artościam i dla sym patrycznych populacji M. martes i AÍ. zibelli
na. W ymienione własności analizow anych cech wskazują, że są one dziedziczone. Częste 
występowanie asymetryczne morfotypów sugeruje, że oprócz czynników genetycznych, 
także czynniki środowiskowe wpływają na ostateczną postać badanych cech.

W łasności cech morfologicznych związanych z polim orfizmem A—G spełniają w arun
ki cech progowych. Działanie m echanizm u progowego przejaw ia się we wczesnych e ta 
pach ontogenezy i polega na zatrzym yw aniu rozwoju tych elementów danej struktury, 
które nie osiągnęły w  krytycznej fazie progowej w ystarczających (progowych) rozm ia
rów. Im dany element jest mniejszy w fazie działania m echanizm u progowego, tym w ięk
sze jest praw dopodobieństw o jego zaniknięcia w  dalszym rozwoju. Tak więc, im częściej 
w ystępuje on w populacji dorosłych osobników, tym  bardziej jest praw dopodobne to, że 
wykazywał większe rozm iary w fazie progowej. A zatem, wydaje się możliwym odtw o
rzenie wysoce prawdopodobnego przedprogowego wyglądu badanych okolic uzębienia w 
oparciu o morfologię tych okolic na całkowicie rozwiniętych zębach, a także znajomość 
rozkładów częstości opisanych morfotypów. I tak , przedprogowy wygląd tych okolic od
pow iadałby morfotypom A4, B5, C3, Dabcdef, E2, F I i G1 (Ryc. 1—4, 6—8). Polimorfizm 
A—G byłby więc spowodowany różnicami w rozm iarach elem entów składowych danego 
wzorca morfologicznego, różnicam i w wysokości progu, oraz różnicam i w um iejscowie
niu fazy progowej w ontogenezie. ,

Ponieważ analizow ane cechy są najw yraźniej kontrolow ane genetycznie, istnieją więc 
dw a możliwe wytłum aczenia ich obecności u współczesnych kun: (1 ) cechy te  wywodzą 
się od ssaków łożyskowych z późnej kredy i wczesnego paleogenu, (2) cechy te  pojawiły 
się w wyniku stosunkowo niedawnych m utacji. Polimorfizm A—G w ystępuje u wszyst
kich współczesnych gatunków  rodzaju Martes, co sugeruje, że jest on odziedziczony po 
wspólnym ich przodku. Świadczą o tym również dane paleontologiczne. U kun w spół
czesnych i kopalnych z czw artorzędu przew ażają morfotypy A l—A3, BI—B3 (P3), B3—B5 
(P4), C l—C3, D-, E l lub E2, F I i G l. Zachow ane szczątki kun z neogenu sugerują, 
że do najczęstszych m orfotypów należały w tedy A3, B2 i B3 (P3), B4 i B5 (P4), C3, Dabc i 
Dac, E2, F I i G l. W czesnomioceński gatunek Paragale huerzeleri, jeden z najwcześniej



Dental polym orphism  in Martes 593

szych znanych łasicowatych, naw iązuje wyglądem  M1 do m orfotypu Dabcdef. Zęby nie
których łożyskowców z późnej kredy i wczesnego paleogenu uderzająco przypom inają 
najbardziej praw dopodobny wygląd odpow iadających im  zębów współczesnych kun w 
fazie przedprogowej. Tak więc hipoteza, zakładająca, że cechy morfologiczne zw iązane 
z polim orfizmem A—G są homologiczne (plezjomorficzne) w  stosunku do odpow iadają
cych im cech uzębienia wczesnych ssaków  łożyskowych, jest dużo bardziej praw dopo
dobna aniżeli hipoteza, sugerująca, że chodzi tu  o cechy analogiczne (apomorficzne).

Dane paleontologiczne wskazują, że badane cechy były polim orficzne także u w ym ar
łych gatunków  rodzaju Martes, co najpraw dopodobniej miało też miejsce u ich przod
ków, w liczając w to wczesne łożyskowce. Świadczyłoby to o istnieniu u tych ostatnich 
tak ich  samych lub podobnych mechanizm ów ontogenetycznych, jak  u współczesnych 
kun. A zatem , inform acja genetyczna odpow iedzialna za przedprogowy wzorzec morfo
logiczny badanych okolic uzębienia nie uległaby istotnym  zm ianom w trakcie ewolucji 
linii filetycznej Martes w kenozoiku. Ogólna tendencja do upraszczania wzorca m orfolo
gicznego uzębienia w  linii kun byłaby więc wynikiem  stopniowych zm ian w częstościach 
m orfotypów w kierunku najprostszych morfologicznie, tj. od A4 poprzez A3 i A2 do A l, 
od B5 poprzez B4, B3 i B2 do BI, od C3 poprzez C2 do C l, od Dabcdef poprzez Dabcde, 
Dabce, Dabc, Dac i Dc do D- (Ryc. 9), od E2 do E l, od F I do F2, oraz od G1 do G2. 
Stopniowe zmiany częstości m orfotypów byłyby następstw em  progresywnego podnosze
nia się poziomu progowego lub (i) cofania się fazy progowej w ontogenezie (Ryc. 10). 
Przesunięcia te  spowodowane by były jakościowym i zm ianam i w zestawie genów progo
wych, innych niż geny przedprogowego wzorca morfologicznego.

t


