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Abstract 

Thc variation ofPinc manen senes, Mar!eS II/Clrtes (Linllc. 1758), from the Hcrcynian region and fro m various 
landscapes of thc Oberlausitz are comparcd using sku ll Illcasurcmcnts and nonmclrical skull traits. No clcar 
difTcrcllccs in skull s izc were found bclwccn thc two stud ied populations. Ncvcrthclcss Ihere cx i!;! mosaic sizc 
difTcrcntiations among Ihe regional subsampies compcllsatcd in hlrgcr orens. 

Thc nonmclric skull chamelers manifest wüh a high measure o f d ivergence that the Oberlausitz and thc 
Hercyn ian mancns belong to significantly dilTcrcnt populations. Within thc Oberlausitz only thc Pinc manens of 
Ihe Easlern Hill Landscape show morphologic dilTcrcntiations from each others. This sccms 10 be caused by the 
rcduccd reproductive exchange betwcen restric ted wood isles . 

Z us:tmlllcnfassu nl,; 

Popuhttionsd ilTercrrlicrung beim Baummarder, J" ttrtes "wrtes, nllch kra niometrisc hen Kriterie n und 
non metrisc hen Schiidclmcrkma len. 

Schiidclserien des Baummarders aus dem Hercynischell Raum und aus verschi edenen Landschafiseinheilen der 
Obcrlaus ilz werden krani ometrisch lind mittels qualitativer nonmetrischer Merkmalc verglicheil. 

Beide Populationen unterscheiden sich nicht in der Schlidelgröße. Starke Abwe ichungen in dell nOllmetrischen 
Schtidelmerkmalcn wei sen die Baummarder der Oberlausitz und des Hercyn ischen Raums aber al s getrennte 
Popul ationen aus. 

Innerha lb der Oberlausilz bestehen gesicherte Gräßenuntcrschiede zwischen den Baummardern einzelner 
Landsehafisei nheiten. Nur einer dieser Natllrrällmc hebt s ich jedoch nach quali tat iven Schädelmerkm alen von 
allen anderen ab. Hier ist der Lebensraulll des Baummarders auf wen ige größere Waldgcbiele beschränkt. Ein 
geringer reproduktiver Austausch mil den Hauptvorkommen in der OberhIlIsi tz dürfle als Ursache fUr die 
morphologi sche DilTercnzierung in Betracht kommen. 

Introduction 

Bcsides cylogenct ical alld biochcmical tcchniq ucs thc c\ass ic morphological sku ll studies are ab le 
to obtain conclusive results in research 10 the intraspeci ti c slrueture ofa species evcn on the leve l of 
populat ions. Cranio l11 ctrical investigat ions eomprisc morphologiea l va riations deterinined 
gCl1ct ieally as wcH as environmental modifications in broadest sense. The evaluation of nonmctrie 
morphological characters supp lies more suecess fu l tind ings for the geographie and genelie 
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difTerentiation This qua li tat ivc method allowes to define the "epigcllctie distanee" betwcen 
populat ions or the cx istcnee ofa reproductivc uni t at all. 

Such point in qucstion gCls cspeciall y importli llce 10 spceies of low abund;.lI1cc and di scontinuous 
di stri bution likc thc Pine mnrtcn, Mal'l e.~· 1II(ll'les (Linne, 1758), in CentTal Europe. Thc stcnotopie 
earnivorc inhabi ting mature forests has beeome very rare by rcmova l ofwooded area or ehanges 10 

short-lived forcsts, so timt for instanee regions without Pine martcns ean bc mapped. 

Thercforc with execptions (REIG & RUPRECHT 1989) on ly paar morphometriea l data arc 
ava i1ab le from Central European populations. Thc aim of the present paper is to improvc th is fact 
despite of the accordingly sma ll serics. Morcovcr it dcscribcs an cffort to dctenni ne the di fTerelltiat ion 
of Pi ne marlen populations. 

Material :lIld s~lmplc arcas 

The study is based on 115 skli ll s oflhe Pine marlen from the Oberlausitz reg ion and 82 sklill s from 
Middlc Germany (Hercynian region) '. The main material has been eo llected between 198 1 and 1990 
on a territory of about 3000 km::! enclosing a !arge part ofthe Oberl aus itz in tlte soulh-east ofEastem 
Germany. This region consists of difTerent landscapes being man ifo ldly structured from the 
"Polldlands" via " Hili Landscapes" 10 th c mountainous " Lausit z Highlands" and thc "Zittau 
Mounta ins" (fig. I). A detailed 'desc ript ion oflhe study area is given by ANSORGE (199 1). 

The Pine marlen arrivcd 10 a gencrall y rarc spccics in the Obcrlausitz. The mean yearly game bag 
amounts to 0.3 spcc imens per 1,000 heC!f;lrcs wood land only. Because the occurence of the Pine 
martcn is assoc iatcd wi rh wide forcsts the wooded area is plolled in fig . l . Thc Highland, thc Zittau 
Mountains and thc Pond lands cspcciall y show a high degrce of fo rests covcring 30 % 10 50 % of the 
tOlal area whereas the Field Landscapes are nearly woodless (about 5 %). In thc Eastcrn Hili 
Landseapc wide ploughland alternates with iso!atcd !argcr woodland. According!y the Pi ne marten 
is di stributcd in thc Obcrl ausi lz (fig. 2) conccntrat ing on thc Pondlands, thc Western Hili Landscapc 
and the mountainous regions (ANSORGE 1988). Thc Eastern I-lil! Landscapc show a low density and 
in the Field Landseapes no eon tinually occurenccs cxist. 

Thc Hcrcynian matcrial originates from differe nt regions and !oca li ties of Middlc Ge rmany 
includ ing a scries ofskull s from thc closcd woodland "Fal lstein". 

Methods 

To consider age related va riat ions all skull s werc cJassified into 0 10 I, I to 2 and more than 2 years 
old specimcns. Tbis classification is based on the 100th abrasion, ob li tera tion of suturcs, development 
of the sagitta l cresl and the general aspeet of the skull according to MALZJUNA ITE (1957), 
RY ABOV (1962) , STUBBE ( 1968), PAVLlNOV (1976) and RE IG & RU PRECHT (1989). More 
than 2 years old spcc imens and diffi cult sku ll s wcre aged by the eonfiguration of .incremcntal 
ccmentum li ncs. A paraffincd caninc W::1S uscd for longitudinal root seelion fo llowing the method 
describcd gcnera ll y by GRUE & JENSEN (1979) for the Pi ne marten too . Thc sl .. .-ull s arc groupcd in 
agc c1asscs, whcrcby thc agc dass 2 for cxample mcans a martcn in its second year oflifc. 

To charaeterize thc skull s ize 15 linear dimcnsions corrcspollding moslly with the mcasurcmcnts 
defincd by VON DEN DRI ESCH (1976) and one volumc measure were used (fig.3). They wcrc taken 
with an accuracy of 0. 1 mm and 0.25 ce : 

I (chI) condylobasal length: posterior margin of condyli occipilales - proslhioil 
2 (Tlu:f) maxillar length: pa lalinoorale - posterior margin of l i-alveole 

I Thc Pine marten skulls are deposiled in Ihe cOllccl ions oflhe Siale Museum ofNalllral Hi story Görlilz and of 
Ihe Zoological lnstitulc ofthe Martin LUlhcr Uni"ersilY Halle. 
I am very gralcfllllO Dr.D. Heideckc and Prof.M.Slubbc (Halle/S.) for the generollsly access 10 thcir collections. 
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3 (blb .. ) 

4 (=b) 

5 (cob) 

6 (pob) 

7 (bb) 

8 ( .. h) 

9 (shc) 

10 (ulr) 

11 (eb) 

12 (on 

IJ (IIr) 

14 (M,I) 

15 (M,b) 

16 (eh) 

pharyngen) base lcnglh orl he brai n-stcm: basion - suture bctwccn plcrygoid and palulinum 

zygomalic brcadth : zygion - zygioll 
cClorbital brcadth: cClorbita le - cClOrbitale 

poslorbita l brcadth: smallest distancc bchind thc proccssi supraorbitalia 

brcndth ofbraincasc: curyon - curyon 

skull hcight without sagittal crest: base of os occipi talc - uppcr point ofbra incasc bcsidc thc eosin 

sagiuali s 

skull hcight with sagi ual creSI: base o f os occipi tulc - highest point of criSIa sagiuulis 

Icngth ofuppcr tooth row: alvcol:lr di stancc C_M I 

cupacity ofbraincasc: mcasurcd by stu mng the ncurocmnium wi lh glass globulcs 

angu lar ICllgth: infmdcntalc -proccssus angularis 

Icngt h of lower 100lh row: alveolar distance C-Ml 

length ofM ): grcatcsl lcngth ofM) 

brcadth ofM 1: grcatcsl brcadth o fM I 

coronoid hcight base of processus angularis-infradcn tale 

The skull measurements werc stalistieally processed separate ly for each group considcring sexes, 
age c1asscs and regions. S imple parameters Iikc mcan (x), range (xnu.~, Xmin), standard deviation (s) and 
vari ab ility coeffic ient (v= 100 s / x) wc re calculated for all measurements. Snldcnt 's I-Iesl was uscd 
10 sceure thc s ignificancc ofmean differences in case it is permi tted by the vari anees and the nonnal 
di stribution of thc measuri ng data . Significance is postulated by an error probab ili ty o f a. < 0.05 if 
not specificd otherwise. 

For tbc cva luation of Ihe morphologiea l diffcrcntiat ion 1I nonmctrical trait s bavc bcen chosen 
according 10 the rare investigat ions on other cami vores (SJOVOLD 1977, WII G & Ll E 1984, Wl lG 
& ANDERSEN 1988) and own pre\iminary studies (fig. 4): 

I (Fe/li ) for.ulli na ethmoidalia complelcly scparatcd 

2 (Foee) upper foramen occi pitale prcsent 

3 (Ce) canul is condylaris open ventr:llly 

4 (Fsp") foramen sphenoidale prcsent 

5 (eFov) cmissary foramen bcside thc foramen ova le prcsent 

6(pFpal) :ICCCSSOry posterior foramen pa latimllll present 

7 (PI) first upper prcmolar missing 

8 (Flllc) two fo ramina II1cntalia prCSCll1 

9(aFmc) accessory posterior fommen mentale presell\ 

IO(aFmd) nccessory antcrior foramcn lllandibularc prcsent 

11 (PI) first lower premolar missi ng 

Bilatera l traits were laken from bOlh sides ohhe skull and separately as weil as together ea lcu latcd. 
The fTeqllcncies o f lra it express ions were compared by the chi-square test including the analyse of 
homogeneity in age and sex. Only tra its wi lh significan tly differences could be used to ealculate 
morphological separat ion with the fommla of"mean measure of divcrgence" (MMD) proposed und 
de ri ved by SJOVOLD ( 1977). The variance and the standard deviation (SM/'.ID) oflhe MMD are 
neccssary 10 prove slatistica ll y sign ifieancc by MMD > 2. S;-'IMD (SJOVOLD 1977). 

, 
I" ' MMD ~ ,L- [(0" .- O"t - vJ 
i = \ 

~ 
, 

2L , 
s ~ v

i
-

MMD 
j .. , 

--,--
12 

r 

r = numbcr of traits 

n = samplc sizc 

p = frcqllcncy o f traits 

o = arc sin ( I - 2p) 

1 1 v· = _+_ 
I ", " 2 
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Fig.3 Skull mcasurClllcnts or lhe Pi ne marten 
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Fig.4 Positions of nOllmctric traits in thc Pine marlen skull 

Results 

C r a n io rn c lri c va ri a ti on 

cb l 

mx l bsbl 

I I r 

al 

6 pFpal 

5 eFov 

3 Ce 

Thc s.tati stical tests adducc significant diffe rences in all skull mcsurcmcnts bctwcclllhc sexes and 
fcr the most dimensions bctwccn agc classes 1, 2, and 3-11 cxcepting thc mcasurcs orlhe braincase 
skull part . Tbc sex and agc slnicturc c f thc Pine marten collection from the Oberl ausi tz region is 
illustrated in fig.5 . In thc sampIe the yearl ing males predominalc and wcrcfore only fcw spccimens 
represen! the highcr age cJasscs. Wcreforc in tab.! the parameters cf skullmcasufcmcnts are li sted 
by separating sexes, age d ass I und agc class 2-11 for the Oberl ausitz and (he Hcrcynian region. In 
addition the body measures o r 53 specimcns are given in tab.2. 
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Fig. 5 Sex and agc slruclurc of Pi ne martcns rccordcd in Ihe Oberlausitz region 

Causcd by thc ra ri ty orlhe Pine murten in the study arcas there are sufficicl1t dala fo r reliablc results 
only in the ma le age dass 1 (sec fi g.5). Thais why thi s population group will bc uscd as the basis for 
the following comparisons. 

Thc sku ll mcasuremcntsoflhc yearling males from thc Oberlausi tz and thc Hcrcynian region show 
110 significant diffcrenccs. Altcmaling mcasure variat ions cx ist in thcothcragcclasscsand in females. 
This means that thc population sampies are s imi lar in thcir sku ll s izc. 

Within the Oberlausitz Ihere are rcmarkable diffcrcllccs in skull sizc bctwccn thc landscape units 
although statistically s igni licance is secllrcd only in few measllremen ts due to the small sampie range. 
The size relations in thc Iig.6 illustrate this facL The Pine martc l1S of the Pondlands are mostly larger 
in their skull s izc. ln thc Highland and thc Hili Landscapcs obviously small crmartcns li ve (significant 
in cbl, lItr and blbs). The few speeimens from thc Field Landseapes have larger skull s than those of 
the adjaccn t Hill Landscapc (s ignificant in IItr and blbs). They secm 10 bc ncarly equal thc grcat 
Pond land martcns. 

The Pine marten sampie from the cJosed woodland "Fallste in" 01' the Hereynian region has 
sign ificantly larger skull s than those ofthe Pond land (see lIred in cbl. Iftr and 111'). They are classified 
in their size out ofa ll the skulls from Oberlaus itz landseapes. 

Nonmctri ca l skull divergence 

Thc frequene ies 01' oeellrcnce of 8 bi lateral and 3 unilateral tra its are set out in tab .3 for the 
population sampies from the Oberl ausitz and the Hcrcyni nn region . No age related changcs in the 
illcidenceofthc vnriants wcrcobtained by all the nonmctriea l traits. Sex dependcnce was significan tly 
provcd for two varianl s in the eonsidercd material: thc miss ing o rthe firstlower premolar (P L) and 
the presenee o ran aeessory antcrior mandibular foramen (aFmd). Thcy lIrc excluded from thc further 
invest igation. 
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Fig.6 COlldylobasallength ofthe Pille martens (6age c\ass I) frolll different landscape uni ts 

Onl y few of the se leeted quali tative features show sufficient d ifferences between the regional 
population sam pies securcd by fh e chi -square test. Forthe Oberlaus itz and the Hercynian region these 
are the presence of an upper occ ipital foramen (Face) und the ine idence o f an accessory postcri or 
palatin foramen (pFpal). In bilateral consideration it is thc presenec of an acessory anteri or mental 
foramen (a Fme I. and aFme r. ) and an cmissary fo ramen beside the foramen ovale (eFov I. and 
eFov r.). Two traits wereadded asd iffere ntiat ing fea tures within theOberi ausitz region from di ffc rcnt 
landscape units: the occurence of an completely scparatcd cthmoid foramen remarked for each sidc 
scparntcly (Fe/li r. and Fe/li I.). 

The " mean mcasure of di vergencc" (M MD) was ca lculated using thcsc nOI1J1l etrica l characters. 
The Oberlausitz and the Hcrcynian population sampies show an MMD-valuc o f MMD=0.409 with 
the respecti ve standard dev iation of S:-'IMD = 0.0 19. The Pi ne l1l artens of these populations differ 
signi ficant ly in thcirqualitativc skull fea tures. Thecpigcne tic distancc in thc fonn of MMD between 
thc martcns ofdi ffcrcnt Obcrl ausilz landscapcs appears in tab.4. All thc units havc vcry low distances 
but only the population o f thc Eastem Hili Landscape conlrasls clearl y with each of the others. 
Statisti ca lly significance is proved by thrcc sampie pairs. Onl y onc MMD-valuc is slight ly bellcath 
the significance lcve l bccausc o fthc small samplc sizc. 

Discussion 

Morphometric sludics for so lving laxonomiea l queslions of rare species suffer under the main 
problem of a poor sampie size. In addition to the cx isting sex and age rclalcd va ri ations, as it is shown 
by the Pinc marten skull (ROSSOLIMO & PAV Ll NOV 1974, PAVU NOV 1977, GERASIMOV 
1983), the small material bas is must be disuni ted. Thcreforc in th is analys is signi fic3nl result s wcre 
obta ined only far one population group, thc ycarl ing males of age class I. According 10 Ihis thc 
altcm ating va lues ofthc Obcrlausitz and Ihe Hercynian samplc splits (lab. !) Ill ean no size diffc re t1ces 
bctween these populations. 
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Fig.7 Epigcnclic distanccs of thc Pine marten with in thc Oberlausitz by nonmclric charactcrs 

Similar rcsults werc found in comparison with other measure scrics from populations of Poland 
(RE IG & RUPRECHT 1989) and Sweden (REINWALDT & ERKlNARO 1959). In con, idera.ion 
of ncccssary prcmises likc Ilumbcrs, sex and agc separation of thc material these populations vary 
indccd in skull proportions and in thc dcgree ofs izc dimorphism bctwccl1 sexes. SUI the differences 
are sc ldom oftaxonomic relevance. ln contrasl thc Pine martcns from Bulgaria (GERAS IMOV 1983) 
cr Southem Um! (PA VLlNOV 1977) diffcr clcarly from thc Ccntral Europcan scries. These are 
Iypical geographie variat ions and forexamplc uscd for subspecific c1assification by GIANNICO & 
NAGORSEN ( 1989) in .he Pacific coaSl manen and by HUMPHREY & SETZER (1989) in .he 
Mink. 

On the other hand sign ificant differcnccs in skull eharaeters are Ilot suffieicnt as taxonomie 
eritcrion (MA YR 1975). Loeal subpopulations of OIlC taxonomie unit ean di slinet ly diffcr in 
eharactcrs mostl y related to environmental faetors. For the genus Martes MONAKHOV (1989) 
rcports about morphologiea l changes in different populations of Siberian sables introdueed only 30 
years before frolll the same origin. 
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The eSl'ablished va ri at ions in skull size within the Oberlausitz should be seen in similar view. The 
relllarkable size differenees between Pi ne martens ofthe Pondlands and the hill y and mountainous 
parts ofthe study area may be rclated to climatie faetors und 10 a generally better food supply in the 
Pond lands. A sepanuion effect by thc nearly woodless Field Landscapes (see fi g. l) can explain Ihis 
f:1CltOO. It is striking that thc few specimens ofth e Fields hardly diffcr froll1lhose oflhe Pondlallds 
but are c1carly di stingui shcd from the I-lighland 's martens. They seem 10 be mi grants frolll thc 
Pondland well inhabited by the Pine marten (see fi g.2). 

I-Iowever, the large Pi ne manens from (he Fallstein are taller than the martens ofall Oberlausilz 
landscapes although 110 distinet size differences ex ist bctween the Hercynian and the Oberlausitz 
reg ions. Regional variations are obviously compensa tcd in larger areas. This fact espeeially stresses 
the importanee of extensive seri es for the evaluation of c1inal dirccted geographie size variations. 

Different biological relevance were establi shed for the noml1etrical characters bcing slightly 
inOueneed by environl11ental faetors. The occurence of lhe qualitativc features does not randomly 
arise, and it is affeeted by genetic eomponents. The heritabili ty oflhe trait s are estimated in various 
manne, (HI LBORN 1974; BERRY 1975; KOREY 1980; CHEV ERU D & BUIKSTRA 198 1, 1982; 
RICHTSMEIER & MCGRATH 1986). However the 1l10rphologieal differentiation ofthe sampies 
represents a certain measure of the epigcnct ic populations di stancc. 

Thc rcsults obtained by thi s method show a completcly diffcrent view Ihan the craniometri c 
variation. The Pinc marten populations ofthe Oberlausitz and of the Hercynian regions show a high 
I11casure of di ve rgencc according 10 their geographie distance and separa tion. Although thc sampies 
could not be separatcd by their skull I11casurements the nOl1mctri c skull eharactcrs manifest two 
significanlly diffcring populations. Unfortunate ly no comparable data ofthe Pine marten exist frol11 
other regions. Only STEINE R & STEINER ( 1986) tested I1 nonmetric criterions for speeies 
disc rimination being not usefu l in the present study. However it seems to be remarkable thai 
WOLSAN (1985, 1989)cstab li shcd scxual dimorphism in thecongcnital tooth loss ofP1 in about the 
same degrec as in the present investigation. 

Unexpected result s are adduced by the comparison of the morphological skull differentiation 
bClween the natural units within the Oberlausitz. It ean bc eonc1uded that (he epigenetic variability 
in thc areas mainly inhabited by thc Pine maTten is very low. Thc martens of the Pondland, thc 
J-li ghland and the Western Hili Landscape cun be regardcd as a reproductivc unity. Therc must be 
surfi cient migration via the Fie ld Landscape lOensure theconnect ion between Ihe weil wooded main 
habitats. 

In contrast the martens of the Eastern Hili Landscape occupy a special posil ion with in the 
Oberlausitz differing from eaeh of the others in their nonrnetrie skull charaetcrs (fig.7). In th is 
landscape the wooded area suitablc to thc Pine marten is genera ll y restrictcd in the granit ie 
mountainchains and the basaltic hili tops. Thc poor but pemlancnl oceurcnce of Pine martcns is 
considerably isolated in these places. 80th migration and genetie drift to the neighbouring landseapes 
are diminished so that the describcd differcl1ccs could be developed. If the insulating of the Pine 
martcn habitats is advanced so far , the reproduelive exchange is widely reduced. 

Rcsults like above mentioned may ari se from the connect ioll of taxonomieal mcthods and 
ccological evaluation. They offer a chance 10 idcnti fy potential di ffe rentiations between populations 
and to use it as a signal evcn in endangered species. 
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Table I Skull me:lsuremcnts ofthe Pine Marten sampie from the Obcrlaus itz and the Hcrcynia region 

Oberl aus itz :lge dass I 

males fcmalcs 

x v x_ x~ n x v X rniD x= n 

I (cbl) 84,48 1,9 1 2,26 79,4 87,5 38 77,71 1,97 2,54 74,7 82,2 24 
2 (IIIXI) 41,60 1,34 3,22 38,8 44,3 52 38,14 1,19 3,11 36,6 42,0 29 
3 (blbs) 33,08 1, 19 3,58 3 1,2 37,4 JJ 30,83 1, 12 3,64 29,1 33,3 23 
4 (zb) 49,22 2,25 4,58 44,9 52,8 46 44,39 1,45 3,27 42 ,2 47,0 26 
5 (eob) 24,74 1,19 4,83 22,3 27,6 49 22,73 1,23 5,41 19,0 24 ,6 25 
6 (flob) 19,76 1,22 6,18 17, 1 22,4 47 19,09 0,84 4,39 17, 1 20,5 24 
7 (bb) 37,02 1,14 3,08 34,6 40,1 40 35,2 1 1,07 3,05 33,6 37,7 24 
8 (sI.) 27,52 0,61 2,22 26,4 28,9 35 24,99 0,87 3,48 22,9 27 ,5 23 
9 (shc) 28,69 0,60 2,09 27,6 29,8 35 26,25 0,80 3,04 24,6 28,4 23 

10 (wr) 30,25 0,9 1 2,99 28,4 32,2 57 27,7 1 0,84 3,05 26, 1 29,4 29 
11 (cb) 24, 14 1,49 6, 19 20,8 26,8 29 20,21 1,60 7,9 1 17,5 25,0 20 
12 (al) 54,13 3,36 6,21 32,3 58,3 57 49,62 1,72 3,46 44,5 54,0 3O 
13 (IIr) 34,93 1,04 2,99 32,4 37,5 57 3 1,82 1,00 3,14 28,6 33,8 3O 
14 (M,I) 10,19 0,4 1 3,98 9,2 11 ,1 57 9,3 I 0,46 4,93 8,2 10,4 3O 
15 (M,b) 4,08 0,2 1 5,04 3,7 4,6 57 3,73 0,2 1 5,54 3,4 4,3 3O 
16 (eh) 24,69 1,0 1 4,08 22,4 26,5 56 22,0 1 0,96 4,35 19,5 24,2 3O 

Obcrlausitl age d asses 2-11 

males fcmales 

x v Xm", x= n X- V Xmin X""'-, n 

I (cbl) 87, 14 1,33 1,53 85 ,4 88,9 7 79,34 0,78 0,98 78,3 80,6 5 
2 (lIIxl) 42,87 0,97 2,26 4 1,3 44, 1 9 38,58 0,30 0,78 38,0 38,8 5 
3 (blbs) 34,87 0,76 2, 18 33 ,3 35,8 7 32,16 1,19 3,69 31 ,1 34,3 5 
4 (zb) 52,24 1,15 2,20 49,6 53 ,2 7 46,44 1,08 2,33 44,5 47,7 5 
5 (eob) 27,47 0,90 3,27 25 ,8 28,7 7 24,47 0,90 3,66 23 ,2 25, 1 3 
6 (pob) 18,74 1, 12 6,00 17,3 20,5 8 18,24 1,04 5,72 16,7 19,6 5 
7 (bb) 36,46 1,58 4,34 34,1 39,5 7 34,72 0,74 2,13 33,9 36, 1 5 
8 (sI.) 27,03 0,37 1,38 26,6 27,7 6 25,22 0,72 2,84 24,4 26,5 5 
9 (she) 28,78 0,53 1,84 27,8 29,6 6 26,66 0,66 2,48 26,0 27,8 5 

10(1111') 3 1,74 0,87 2,75 30,4 33,6 9 28,32 0,39 1,38 28,0 28,8 5 
11 (eb) 22,67 0,24 1,04 22,5 23,0 3 20,05 1,33 6,62 18,8 22 ,5 5 
12 (oD 57,44 1,42 2,46 55, 1 59,6 9 50,70 0,64 1,26 49.8 51 ,6 5 
13 (I/r) 36,39 0,95 2,61 34,8 37,7 9 32,68 0,62 1,89 32,2 33,8 5 
14 (M,I) 10,39 0,20 1,90 10,1 10,8 9 9,58 0,29 3,05 9,3 10,1 5 
15 (M,b) 4,09 0, 12 2,93 3,9 4,2 9 3,76 0,14 3,61 3,6 4,0 5 
16 (eh) 25,6 1 0,47 1,83 24 .8 26,4 9 22.54 0,74 3,30 2 1,2 23,3 5 
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'fable I 

Hercynian region age c1ass I 

malcs rcmulcs 

x V Xmin Xn .... Tl X V Xmin x~ Tl 

I (cM 85,00 2,84 3,34 76,8 89,1 3 1 78,62 2,00 2,54 74,9 82,0 24 
3 (blbs) 33,06 1,57 4,75 28,2 35,3 30 31,20 1,05 3,37 29,4 32,9 24 
4 (zb) 49,05 2,10 4,28 44 ,2 53,2 30 44 ,90 1,56 3,47 4 1,0 49,5 24 
7 (bb) 36,78 1,15 3,13 34 ,6 39,3 30 35,58 0,87 2,45 33, 1 37,5 24 
8 (sh) 27,46 0,78 2,84 25,8 28,9 31 25,62 0,99 3,86 23,5 27,6 24 

10 (ut,.) 30, 19 1,43 4,73 25,8 32,8 32 27,47 2,28 8.28 16,8 29,8 27 
12 (a0 55,02 2,32 4,22 47,7 58.6 30 50,23 1,52 3,03 46,9 54, 1 27 
13 (Ilr ) 35,0 1 1,53 4,38 3 1, 1 37,6 3 1 32,33 1,03 3, 18 30,8 35, 1 27 
14 (AM 10, 14 0,55 5,45 8,8 11 ,6 3 1 9,41 0,35 3,75 8,7 10, 1 27 
15 (M,b) 4,07 0.22 5,33 3,7 4,6 3 1 3,79 0,19 5.02 3,5 4,3 27 

Hercy nian region agc c1usscs 2-11 

males rcmalcs 

x V Xmin x .... , Tl X V x_. x_ Tl 

I (cbl) 85,83 2,04 2,38 82,0 88,0 6 79.10 0,98 1,15 77,4 80,6 8 
3 (blbs) 33,47 1,86 5,57 30,5 35,7 6 3 1,64 0,86 2.72 30,3 , 32,5 8 
4 (zb) 5 1,29 2,3 1 4,5 1 47 ,3 54.0 7 45,44 1,04 2,30 43 ,6 47,0 7 
7 (bb) 36,79 1,27 3,45 34,3 38,2 7 33,98 0,84 2,46 33,3 35,8 6 
8 (sh) 28, 12 0,58 2,05 27,4 29,2 6 24,63 0,47 1,90 23 ,9 25,5 8 

10 (lI t,.) 3 1, 11 0,85 2,75 29,5 32, 1 9 28,65 1,23 4,28 27,3 3 1,6 8 
12 (al) 55,89 1,23 2, 19 53,3 57,3 9 50,59 0,75 1.48 49,5 5 1,5 8 
13 (Ilr ) 35,53 0,76 2, 14 33,7 36.7 9 32,40 0,8 1 2,49 3 1, 1 33,7 8 
14 (Ml) 10,36 0,35 3,38 9,7 10,8 9 9,47 0,21 2.24 9,2 9,8 7 
15 (M,b) 4, 10 0. 15 3,64 3,9 4 ,3 9 3,7 1 0,06 1,72 3,6 3,8 7 
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Table 2 Body measures or Ihe Pine Marten sampie rrom Ihe Obcrlausilz 

111 mass 
hb head and body lenght 
t Illillenghl 
hf hind rool Icnght 
e cOIr Icnght 

agc dass I 

males rema les 

x s v x •• x_ n x s v x~ x~ n 

m 1343,5 173,02 12,88 820,0 1640,0 30 985,4 139,59 14, 17 750,0 12 10,0 13 
hb 464 ,17 17,50 3,77 416,0 495,0 30 415,85 15,75 3,79 375,0 445 ,0 13 
t 248 ,93 17,19 6,9 1 220,0 300,0 30 220,42 18,85 8,55 182,0 260,0 12 
hf 95,20 5,66 5,94 83,0 11 0,0 30 84,33 6,59 7,8 1 74,0 95,0 12 
e 43 ,34 3,69 8,5 1 30,0 48,0 29 39,00 2,97 7,62 33,0 44,0 12 

ngcc lasscs2- 11 

males rema les 

x v x_ x_ n x v x_ x_ n 

m 1602,5 144,62 9,02 1450,0 1885,0 6 1037,5 89,55 8.63 960,0 11 90,0 4 
hb 487,0 18,35 3,77 460,0 522,0 6 425,75 11,37 2,67 4 10,0 438,0 4 
t 243 ,17 10,99 4,52 226,0 255 ,0 6 243 ,00 26,16 10,77 2 15,0 280,0 4 
11 93 ,33 6,52 6,99 86,0 102 ,0 6 84,50 2,87 3,40 80,0 88,0 4 
e 45 ,33 2,56 5,65 42,0 49,0 6 36,50 4,39 12,02 30,0 4 1,0 4 
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Table 3 Frcquencics of occurcncc of nonmctricallrn its in thc skulls o fPinc martcns from the Oberlausitz and 
thc Hcrcynian region 

• significanl d iffcrcncc 

I Fet"t. 
I Fel"r. 
I Fetl! b. 
2 Foce 
3 Ce I. 
3 Cer. 
3 Ceb. 
4 Fsph 
5 eFOI' I. 
5 eFoI· r. 
5 eFovb. 
6 pFfJa{ 

1'11. 
7 p I r. 

7 pi b. , Fme l. , Fme r. , Fmcb. 
9 aFmel. 
9 aFme r. 
9 aFme b. 

10 aFme l. 
10 aFmc r. 
10 aFme b. 
11 1'11. 
11 PI r. 
11 PI b. 

I. len sidc 
r. right sidc 
b. balh sidcs 

Oberlausitz 

frcqucncy (%) 

36,9 
23 ,5 
42,2 
74,5 · 

4,3 
7,6 

9, ' 
78,6 
95,0· 
96,0· 
98,0· 
8 1,3 • 

99.1 
99,1 

98.3 
99,1 

99, 1 
99, 1 
37,4 • 

30,7 · 
46.5 • 

48 .7 
50.0 
68 ,4 

94.8 
93,0 
90,4 

Hcrc)'ni an regio n 

n frcquc llcy (%) n 

103 37,8 74 
102 35 ,6 73 
102 4 8,6 74 
9 8 54,4· 79 

93 10,4 77 

9' 3,9 77 

92 11,7 77 
103 68,6 70 
101 67, 1 • 73 
99 76,7 • 73 
99 86,3 • 73 

11 2 92,4- 79 
11 5 95, 1 82 
11 5 95, 1 '2 
11 5 96,3 82 
11 5 93,8 ' 0 
11 4 97.5 ' 0 
114 98,8 ' 0 
11 5 18,5 • SI 
114 13,6· SI 
11 4 19,8 • SI 
11 5 35,8 SI 
114 60,0 ' 0 
11 4 66,7 SI 
11 5 92,6 SI 
11 4 92,6 SI 
11 5 97.5 SI 
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Table 4 Mean mcasurcs of divergencc of the population 5.'lmplcs from dilTcrcnt landscape unils of the 
Oberlausitz 

PI 

FI 

EH 
WH 

22 

Pondland 
Field Landlicapc 
Ealitcm Hili Landlicapc 
Wcstcm Hili Landscape 
Hi gh land 

FI 

0.086 

EH 

0.202 · 

0.789· 

PI 
Fl 
EH 
WH 
Hl • signific:Ult diITcrcncc 

WH HI 

< 0.001 < 0.00 1 

< 0.00 1 0.029 

0.166 0.209· 

< 0.00 1 
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