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Abstract: In the entrance of the Martina Cave near Tetin (Bohemian Karst) a sedimentary sequence was exposed, which corresponds to
the Late Glacial and Holocene and includes molluscan and vertebrate fauna. Serial sampling and quantitative analyses allowed detailed
faunal successions to be reconstructed and correlated with changes in sedimentation and archaeological findings. Both animal groups
reflect a progressive replacement of open country assemblages by those of woodland that covers the site also at present. Of particular
concern is the molluscan fauna from the Late Glacial horizon which indicates a parkland and includes several more demanding
open-woodland species (Fruticicola, Ewamphalia, Aegopinella minor) associated with high amounts of steppe elements, particularly
Chondrula tridens. There is also a number of aquatic molluscs including species that are indisputably derived from the near Berounka
River (Valvara, Bithynia) and transported to the cave by any predator or man. Open-ground species (incl. Granaria friumentum) remain-
ed important even during the Preboreal and Boreal despite of major increase in semi-open woodland elements that dominated the area up
to the final Boreal. Postglacial moisture culmination is represented by a brown soil with decalcified fine earth which corresponds to the
Atlantic Period as well as to a standstill phase in slope sedimentation. Its upper part includes early Neolithic pottery. Important changes
occurred towards the end of the humidity culmination, with the expansion of Helicodonta obvoluta, marked increase in Monachoides in-
carnatus, and the suppresion of the remaining Late Glacial and Early Holocene open-ground elements. The molluscan sequence corre-
sponds to the general developmental pattern of biota in forested xerothermic hill countries of Central Europe. There are no traces of eco-
logic disturbances made by prehistoric population.

! Nuslova 2295/55, 158 00 Praha 13, Ceskd republika
* Prirodovédeckd fakulta Univerzity Karlovy, Katedra zoologie, Vinicnd 7, 128 44 Praha 2, Ceskd republika

The Martina Cave is situated approximately 900 m SSE
of the church of Tetin in the Koda National Nature Re-
serve (Protected Landscape Area Bohemian Karst, SW
of Prague). Its rather small entrance was discovered by
the research group of Tetin speleologists (LYSENKO —
PLot 1977) who partly removed the entrance infilling
and found prehistoric pottery. For this reason, the fur-
ther excavation was conducted by the archaeologist
Slavomil VeENcL (1996) who exposed the whole sedi-
mentary sequence of the entry infilling and distin-
guished several archaeological horizons. The whole ex-
cavation profile yielded also vertebrate bones and
molluscan shells that are treated in our paper which is
focused on the following problems:
— Continuous development of molluscan and vertebrate
assemblages since the Late Glacial,
— Mutual correlation of postglacial vertebrate and mol-
luscan successions.
— Molluscan succession in purely terrestrial environ-
ments without extreme habitats (rocks, wetlands).
— So1l formation in relation to slope sedimentation (ero-
sion in different postglacial phases).

— Replacement of early Postglacial open country by
woodland.
— Impact of prehistoric humans.

Basic data

The site investigated is situated in the upper part of the
east-facing slope of the Koda Plateau (Fig. 1) in a
coppiced oak-hornbeam forest grading into a xeric
Corni-Quercetum in the top part. The soil appears tobe a
brown rendsina or initial terra fusca with decalcified
fine earth. There are scattered outcrops of Devonian
limestone bedrock forming only very low rocky steps
and patches of screes. Basic data on the topography and
climate of the locality are listed below:

Latitude: 49° 56" 43~

Longitude: 14° 06~ 267

Altitude: 362 m

Mean annual rainfall: 520 mm

Mean annual temperature: 8.2 °C

Mean temperature of January: -1.2 °C
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I. Location of the Martina Cave. The entrance is marked by the black cross.

Mean temperature of July: 18 °C
Mean temperature of vegetational (IV-IX) period: 14 °C.
Samples for faunal analysis were taken both from the
inner part of the excavation in the chasm-like space in
front of the entrance (profile A) and in the pit situated
deeper under the cave portal (profile B) where the oldest
part of deposits was exposed. From all macroscopically
distinguishable layers comparatively voluminous (at
least 0.024 m*) samples were taken to obtain a sufficient
number of fossils for statistical analysis. The earth mate-
rial was air-dried, wet-sieved and the molluscan shells

and vertebrate bones extracted. This material was
treated by standard technigues (Lozek 1964, HORACEK —
Lozex 1988).

The results are given in the table of molluscan fauna
(Tab. 1), including also basic information on ecology
and biostratigraphy of particular species, and in the table
of Vertebrates (Tab. 2). The profile with description of
particular layers and basic information on sedimenta-
tion, molluscan and vertebrate fauna as well as on habi-
tat changes and chronostratigraphic subdivision are
given in Fig. 2.

s
2. Profile in the entrance of the Martina Cave and its biostratigraphic evaluation.

Section in front of the cave portal: 1 - 5YR /1, black humus-rich loam of coarse crumb structure with numerous roots and partly corro-
ded limestone fragments; 2 - 5YR 2/2, dark reddish brown humic loam of crumb structure with subangular fragments; 3—5YR 3/2, dark
reddish brown compact humic loam forming matrix of coarse flag breakdown; 4 — 2,5YR 2,5/3, very dark reddish brown loam of crumb
structure rich in subangular medium sized fragments; 5 - 2,5YR 2.,5/4, dark reddish brown loam with humic infiltrations with rather
coarse breakdown; 6 - 2,5YR 3,5/3, dark reddish brown clayey loam with sparse humic infiltrations and charcoal lenses in its lower part;
7—-2,5YR 3,5/5, dark red clayey loam with rather numerous markedly corroded fragments; 8 — SYR 3.5/4, dark reddish brown loam with
CaCO, infiltrations; 9 — 5YR 3/4, dark reddish brown loam very rich in CaCO, efflorescences, subangular fragments with caleareous
coatings: 10 - 5YR 3,5/3, reddish brown loam with irregular calcified parts rich in small limestone fragments.

Section under the cave portal: 10°— SYR 4,5/3,5, paler reddish brown loam high in CaCQ; infiltrations: 11°~dark reddish brown loam,
moderately humic with numerous small fragments: 12— SYR 3/2—4,5/2, dark reddish grey humic loam with whitish strongly caleified
parts and crumb structure; 13" - 5YR 3/3,3, dark reddish brown humic loam of fine crumb structure with charcoals; 14" - 5YR 5/4.5,
reddish brown (ochreous) loam; 15" - 5YR 5,5/6, reddish yellow loess-like loam with white CaCO; pseudomycelia and smaller frag-
ments.
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Mmﬁr soil Zoofossils Environments IFD?DE
dark loams slightly pauperized woodland coppiced woodland 2
rich in humus fauna of present-day type é o

<
scaitered medium to oak-hornbeam forest of
small-sized fragments present-day type &
Isognomostoma
coarse breakdown with | Cepaea hortensis “deterioration of climate 3
compact humic Helicigona lapicida increase in scree formation & E
matrix middle bronze age oceupation g
calcareous loams with | predominance of woodland
medium humus content | fauna
medium scree closed forest U
appearance of Helicodonta E
woaodland optimum <
rather coarse retreat of Granaria and .
breakdown Cochlicopa lubricella last patches of warm karst =
steppe
dark reddish-brown loam | appearance of Bulgarica
with humic infiltrations | nitidosa expansion of woodland
| charcoal lenses in basal =
part Rana neolithic occupation g
dark red clayey loam with | Acanthinula 2
delealcified fine earth Sphyradium maximum humidity
maximum decalcification | Urricicola
. Cochlodina, Alinda increase in humidity
* light slightly humic
loams with whitish Pitymys, Lacerta vivipara parkland with warm steppe =
CaCO; coatings and expansion of woodland fauna | patches &
efflorescences appearance of Granaria 2
major increase in
temperature
open-ground species remain parkland (forest steppe) .
light loam dominant =
il very rich in Pupilla triplicata §
CaCO, efflorescences | Semilimax kotulae gradual increase in ey
Discus rotundatus temperature and moisture &
decrease in humus predominance of steppe snails: | minor deterioration of
content Chondrula, Helicopsis, Pupilla, | climate
Vallonia, Truncatellina i
dark humic loams Discus ruderatus — fauna: moderate warming and <
(rendsina sediments) Perpolita petranella increase in humidity O
high CaCO appearance of: (?Allerdd) <
crumb structure Fruticicola fruticum, -
charcoals Euomphalia strigella, parkland with patches of "
medium scree Aegopinella minor, cold steppe and mesic i
Anguis, Lacerta cf. agilis grassland -
Semilimax kotulae <
Sicista, Microtus oeconomus moderate climatic -
increase in biodiversity amelioration
humic infiltration Pupilla loessica very poor glacial steppe
Pupilla sterri  in bones climate dry , =
medium to small-sized | Ariania cold-continental z E
scree with light Clausilia dubia =3
ochreous =
loess-like matrix
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Table 1. Molluscan fauna, Tetin-Martina

Geologic and List of species Profile B L Profile A
biostratigraphic 15 | [ 13 Lz e | | 10| o
characteristics i
U | Acanthinula aculeata (MULLER) — — A - — —
! | Aegopinella pura { ALDER) - — - ~ | - - - |
! Cochloding laminata (MONTAGU) 1 - - - I - 1 3
(G) | Discus ruderarus (FERUSSAC) - 1 ]| 17 1 | o) I
! | Ena obscura (MULLER) - 1 - - | - 17 | - - -
| 1 | ! | Helicodonta obvoluta (MOLLER) - - - | - - - -1 - |
! | Isogromostoma isognomosiomaos (SCHR.) — — — - ! = - - -
! | Morachoides incarnatus (MULLER) |- - 1 - = - l B
! | Sphyradium doliolum (BRUGUIERE) l — — — - — - - -
Semilimax semilimax (FERUSSAC) | — — - - - - | - -
I () | VertigopusittaMoveer | - | - |2 |2 | 1 |7 | 9 |65 |
A ! Alinda biplicata (MONTAGU) - - - - - - | 17 ) 2
' (+) | Ariama arbustorum (LINNE) 3 |l n - _ _ - | - -]
V| Cepaea hortensis (MULLER) _ | - — — - - - | -
. W({M) .
i ' | Discus rotundatus {MULLER) — 2 I - - 1 6 45
b2 I Limax sp. o - 1 - - - | - 23 8 4 18
L |0 | semitimax korutae Wesreriowey | = Lo g o= o= Lo
i ; ! Aegopinella minor {STABILE) - - 5 37 3 14 23 304
: WS} | (1) | Fruricicola fruticum (MUOLLER) — 1? 22 o1 235 | 135 | 58 171
' ' | Helix pomatia LINNE - — 1? — I — - -
| (G) | Clausilia pumila C. PFEIFFER _ 17 — — — - | - — —
3 ! | Macrogastra ventricosa (DRAPARNAUD) - ﬁ_ - - — — — —~ - |
' | Urticiceda umbrosus (C. PFEIFFER) - | - - - - - - =
| (+) | Granana frumentum (DRAPARNAUD) - - - | - - - 3 48
: + | Helicopsis striata (MULLER) 14 8 21 0 26 6 7 I
.S | (+) | Chondrula tridens (MULLER) - | - |60 | 204 76 | 20 | 158 | 8
s |+ | Pupilla sterri (VOITH) - 2 | — - - 5 | - ~
— (+) | Papilla rriplicata(STUDER) | = | = | .13 | 26 | 3 | 5 | 8 | 3
XC Chondrina avenacea (BRUGUIERE) | - - - - - - —~ |
—— . ©) | Pyramidula pusilia (VALLOT) | - = | -z s s s
B | i SW) ! | Cepaeavindobonensis(FERUSSAC) | - | - | - | - | - | - | - | -
++ | Columella collumella (MARTENS) - -, - 17 _ _ _ _ _
++ | Pupilla loessica LOZEK 6 | 3 |- - — — — -
+ | Pupilla muscorum (LINNE) - - | 4 - - - - -
5 O (1 | Truncarelling c}rﬁndrfgg {FERRUSSAC) - - 1 55 12 10 : g 130
(+) | Vallonia costata (MULLER) - | 4 | 295 | 3613 | 707 | 484 | 1060 | 2044 |
G | Vallonia puichella (MULLER) 1 = - o |22 2| a | 52| 4
| (G) | Vertigo prgmaea (DRAPARNAUD) - - I5 20 3 ] 14
' Bulgarica nindosa (ULICNY) - - - - =11 - -
6 (1) | Cochlicopa lubricella (PORRO) - 1?7 ! 142 | 146 | 67 44 38 51
(1) | Euomphalia strigella (DRAPARNAUD) - 1 6 34 48 32 27 62
oot Tandonia rusticaMULET) L - |z o L s s
¢ § (+) | Euconulus fulvus (MULLER) - - |21 [ 26 | 7 | 12 | 6 | M
; o | )| Limacidae - | - 1 3 [ 23 | 13 | 38 | 99
: (+) | Perpolita hammaonis (STROM) - 1 = 6o 73 T8 o4 2 35
RS | Punctum pygmaeum (DRAPARNAUD) - - 43 41 13 25 9 132




Profile A
8 7 6 5 4 3 2 I
|
_ | ! 3 _ 3 7 | 97
- 4 6 | 21 | 43 | 24 | 39 | 19
- 1 = 17 - - - — -
- - — - I - —_ —
_ _ . | 4 | 23 | 66 18
1 - - - - ! s 6 -
2 6 | 6 | 17 1 16 | 37 |15 | 7
- - 1 - — — — —
- | - - 1 - 1 _ -
4 | 10 | 18 | 36 | 22 13 | 38 | 148
_ | - _ _ _ _ _ _
- | - | - I - 3 9 5
S5 0 53 | 106 | 344 | 206 | 291 | 322 | 60 |
12 7 | 42 | 93 58 | 26 | 23 | 4 |
135 | 167 | 65 | 70 22 | 27 | 95 | 149
90 | 54 | 188 | 78 | 18 | 34 | 27 | 16
- o A U N . R R A A
— . — — 1 = — — _ _
- | - 27 l - - - | -

- - ! 17 | - _ | -
52 44 | asa 23 | 7 | 6 ! -
17 - _ _ _ - - -
28 | T 2 1 - - .

_ | - - - | - _ 37 _

R U R R T
- - _ - | - _ _
9 | 3 | 10 oo
s | 32 23 4 - - - -
6 | 16 184 | 2 | - | - | - | -
IR S S S A P
_ _ 1 2 - _ _ _
4] 8 6 | 9 - - - =
35 10 | 30 | 20 | 12 | 21 | 14 | 15
R Ao M Y S i i L
5 2 _ . - l | -
73 | 43 | 116 | 149 | 132 | 167 | 147 | 45 |
4 - - . - - - | -
16 | 5 - l 2 2 11 | 90

Analysis of the fauna

In the depositional sequence including both profile sec-

tions several units have been distinguished which differ

from one another in its composition and faunal assem-
blages.

A.The basal layers 15" and 14’ are very poor both in
species and individuals. Particularly important are
Helicopsis striata and above all Pupilla loessica
which are common in pleniglacial loesses; also the
associated species occur in pleniglacial phases. In
view of the fact that Pupilla loessica disappears with
the beginning of the Late Glacial and of the composi-
tion of the assemblage in question this fauna is attrib-
utable to the final part of the Vistulian pleniglacial
characterised by the predominance of loess steppes
and grasslands covered by cryoclastic debris.

B. The complex of humic strata 13°-11" exposed only
in the inner part of the entrance area is characterised
by a dramatic increase of faunal richness. The as-
semblage consists both of a steppe component with
Helicopsis striata, Chondrula tridens and Pupiila
triplicara associated with Vallonias as well as Trun-
catellina cylindrica {appearing in 12°) and of a
group of species which are able to live in mesic
grassland (Perpolita hammonis and petronella,
Trichiacf. sericea, Euconulus, Vertigo alpestris and
substriata, Semilimax kotulae, Pupilla muscorum,
Succinella oblonga). There are also parkland ele-
ments such as Fruticicola fruticum and Evomphalia
strigella indicative of more favourable climatic con-
ditions, which is also confirmed by the occurrence
of Vertigo pusilla and Cochlicopa lubricella. Of
particular importance is Discus ruderatus as an in-
dex species of the Late Glacial and Early Holocene.
A feature of interest at the site is the high number of
aquatic species in layer 13° among which several
ones come undoubtedly from the near Berounka
River (Ancylus, Bithynia, Valvata piscinalis), which
suggests a secondary transport (by predators or by
man?). Despite this, the malacological evidence in-
dicates a parkland of cold forest-steppe character
which is supported by the absence of less tolerant
woodland snails as well as of the xerothermophilous
element Granaria frumentum.

The above environmental pattern is supported also by
the composition of the vertebrate fauna with high num-
bers of Lacerta and Anguis, important occurrence of
bats and a surprising high proportion of woodland indi-
cators such as Apodemus (Sylvaemus) and Clethrio-
nomys, associated, however, with well represented
open-ground species such as Microtus arvalis/agrestis
as well as Sicista and Microtus cf, oeconomis which oc-
cur in this site only in layer 13°, There is also Pitymys in-
dicating comparatively favourable temperature condi-
tions during the deposition of this layer.

In comparison with 13’ and 12’ the layer 11’ shows a
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Table 1, continued

Greologic and List of species Profile B _ﬁnﬁlt A
Dosrangraphic 15 | e a3 |12 |10 | 10| 9
M + | Trichia "hispida/sericea” |- 1? — ] 17 — 1? 1?
oo AG) | Vitrina pellucida MOLLER | - | - | 12 | 63 | 8 | 3 | 7 | 53 |
7 (+) | Clausilia dubia DRAPARNAUD 2 | - |2 | - | -1 -1-1-
| R(W) | ! | Helicigona lapicida (LINNE) | = - 1 - 17 1 - -
c io....|.G | Veriigoalpestris ALoER o= la - .
I ! | Carychium tridentatum {RISSO) — - I — | - - | - |
‘ ('} | Columella edentula (DRAPARNAUD) - - - 1 - - - - |
8 | (G) | Perpolita petronetla (L. PFEIFFER) - - 151 | 203 | 20 5 17 12
! + | Succinella oblonga DRAPARNAUD - - 3 - - - — -
| (G) | Vertigo substriata (JEFFREYS) . - - 1 ] - - - -~
|9 |G| Carychiwm minimum MOLLER s IR NS N RSO S S0 = A=t A
|_F |G| Ancylus fuviatitis MOLLER I B 'T L | GO e Nl R
: Bithynia tentaculata (LINNE) . - I - - - — -
Pisidium milium HELD — - 3 ] - - | = -
SIF Pisidium subtruncatum MALM - - 6 | - — — — -
. | Sphaerium corneun (LINNE) —~ — 2? | - - — — -
| Valvatapiscinatis(MOLLER) | - | - 3 | - - | - | ]
FPoR (+) | Pisiclinum casertanum {POLI) ) — — 30 4 5 - - —
D g b || Pusidium personaum MALM.___ 4o o] S O e SO oot
I SUF) (+) | Radix ovata {DRAPARNAUD) - - 23 17 37 - | = —
ooeeefoo | Rodixperegra (MOLLER) | ... i A Sl s B IO S Dl
ir | Gyraulus crista (LINNE) - | - 12 i ~ - -
| ; St | Gyraulus albus (MULLER) - - 77 — — - - - ]
| R— )| Plsidivm obuusale (LAMARCK) 4 - Lozl 2l ol o
F' .| Valvata cristata MOLLER | - - g O S DNl O S St
Pp_ ) A} | Anisus lewcostoma (MULLET) | S RS S0 S0 e SN Mot Wi Mt

' SIPpR | (+) | Galba truncatula (MULLER) — ~ - | = - —

MNumber of individuals 2 25 1036 | 4780 | 1383 | 908 | 1583 | 3664

Number of species 7 12 45 28 31 24 27 | 29

Assemblage zone A B | C, C C,

Chronology | W | LW PBE | PB B

Ecologic and biostrarigraphic characteristics: A - woodland in general, B — open ground, C ~ woodland/open ground {indifferent), D — marshes, banks,

water.

) - closed woodland, 2 — predominantly woodland: W(M) — woodland to mesic open habitats, W(S) — woodland 1o xeric open habitats; 3 — damp wood-
land, 4 - steppe and xerothermic rocks: S — steppe, rocky steppe, XC — xerothermic limestone rocks, S(W) — steppe 1o xerothermic woodland; 5 - open
ground in general (O); woodland and open ground habitats: 6 - xeric; 7 - mesic or diverse: M — mesic or diverse in general (catholic elemenis). R(W) —
mesic rocks or woodland (on trees), 8 - damp; 9 — very damp habitats (swamps. banks, fens etc.); 10 — aquatic habitats: F - flowing waters, St ~ stagnant
waters, StF - stagnant or flowing water, St(F) — predominantly stagnant water, P — marshes, swamps, Pp - ephemeral swamps, R — springs.

moderate decrease in faunal richness which indicates a

minor deterioration of climate,

Ci. The honizon including the layer 107 and 10 shows en-
vironmental conditions resembling in general those
in the underlying complex 13°-11", Steppe elements
Helicopsis and particularly Chondrula tridens re-
main important, Vallonia costata occurs in high
quantities and the typically heliophilous V. pulchella
is also rather abundant, The appearance of Semilimax

kotulae 1s particularly noteworthy. Of prime impor-
tance is the first appearance of the submediterranean
xerothermophile Granaria frumentum as well as the
start of continuous occurrence of Discus rotundatus
and the increase in Vertigo pygmaea. The adjacent
area is a parkland under a climate becoming gradu-

ally milder.
. In the overlying strata 9 and 8 several shade-demand-

ing woodland species appear: Cochlodina laminata,



Profile A
R 7 6 5 4 3 2 |
—- — i
N I N - - -2 I -
|
! 9 -__T_ - e
- l - - | 3 15 | 5
- |
| N S _ _ _ — -
_ _ _ | — | - _ -
12 _ _ _ _ _ o
_ _ _ _ B _ | - -
r__:___J__________!_________ SV ISR IS A I
| . N . B . B _ _
| i | |
! - i ~ ~ — - - R I
'—i._ i — ]
T - - - ol R N
! ] R R N I I I D i
| - - - - - - - - |
960 | 477 | 806 | 894 | 545 | 689 942 | 748
24 20 22 27 15 20 | 21 17 |
D E | F
A EA SB | SA | SR

! — species characteristic of warm phases, !! - index species of warm pha-

ses, [

1y — eurythermic species of warm phases, + = logss species, ++ —in-

dex species of loess, (+) — occasional or local loess species, O — species
which survived the glacial out of the loess belt, (G) — species which survi-
ved the glacial out of the loess belt as rehicts.

Representation: & — number of individuals, 27 — determination approxi-

mate

Monachoides incarnatus, Alinda biplicata; Discus
rotundatus, Aegopinella minor and temporary also
Vertigo pusilla show a marked increase. Helicopsis is
decreasing, and Granaria becomes rapidly important
and Chondrula remains rather abundant. Steppe as-
semblages are thus dominated by Chondrula and
Granaria; Pupilla triplicata remains still present.
A number of indifferent and less tolerant species
(Fruticicola, Truncatellina cvlindrica, Vallormia

costata, both Perpolita etc.) abundant at the begin-
ning later decrease or disappear.

Among Vertebrates Lacerta cf. vivipara and Pitymys
are biostratigraphically important, Microtus arvalis
increases, while Microtus agrestis decreases.

The above evidence indicates an increase in tempera-
ture and moisture supporting the expansion of wood-
land. However, open and partially open areas remain
much more extensive than at present. Of particular
interest is the isolated occurrence of epilithic
calcicoles Chendrina avenacea and Pyramidula
pusilla which obviously expanded with gradually im-
proving climate, but later were suppressed by forest.
In layers 7 a 6 further woodland snails start their con-
tinual occurrence and the numbers of several wood-
land elements increase (Acanthinula, Monachoides,
Alinda biplicata). Bulgarica nitidosa appears,
whereas Chondrula disappears and Vallonia costara
shows a dramatic decrease. A marked decrease of the
richness of malacofauna in the layer 7 may be linked
with the decalcification of fine earth culminating in
this horizon. Among xerothermophilous open-
ground elements only Granaria remains important.
From this layer a continual occurrence of Pitvmys be-
gins, whereas Microtus arvalis attains its maximum.
Our data demonstrate that a vegetational break char-
acterised by definitive woodland predominance
took place, although a number of open patches re-
mained preserved at favourable habitats, Traces of
corrosion on molluscan shells due to decalcification
document the extraordinarily high moisture during
the formation of layer 7.

In the complex of strata 54 the woodland fauna ac-
guires its present-day character as documented by
the presence of Helicodonta obvoluta, Sphyradium
doliolum, Semilimax semilimax or Helicigona lapi-
cida associated with Cochlodina laminata, Mona-
choides incarnatus and Discus rotundatus in mark-
edly increasing amounts. Records of hygrophilous
elements Macrogastra ventricosa, Urticicola
umbrosus and Columella edentula indicate compar-
atively damp environments. Open-ground species
(Truncatellina, Vallonia, Cochlicopa lubricella) are
retreating or disappear, Granaria markedly de-
creases. Bulgarica nitidosa temporanly increases,
but then disappears. In layer 4 the decrease in the
richness of vertebrate launa starts; Pitymys has its
last occurrence. Woodland species definitively be-
come dominant, whereas steppe and indifferent spe-
cies decline or disappear.

The surface complex 3—1 is dominated by woodland
snails; Isognomostoma isognomostomos appears,
whereas a number of species attain their maxima —
Helicodonta, Monachoides and Helicigona in 2,
Acanthinula and Alinda only in the surface layer 1.
Open-ground species were not recorded. The verte-
brate component shows a general pauperization
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which is particularly true of bats, reptiles and am-
phibians.

Biostratigraphic interpretation

In comparison with faunal sequences from other sites in

the Bohemian Karst, particularly at Skalka nad Cihovou

(Lozek 1987) and Kobyla-West (LoZek 1989) which

have a similar position, i.e. they are located high above

the valley cuts, the fauna from the Martina Cave shows a

comparatively monotonous development, particularly

in the case of Vertebrata. Microtus gregalis, Ochotona
and Dicrostonyx which play an important role at the

Pleistocene/Holocene boundary were not recorded.

Despite this, the development of molluscan fauna re-
flects the main developmental trend characterising the
time span Late Pleistocene-Holocene, i.e. the gradual
transition between assemblages dominated by open-
ground and indifferent species and those consisting of
closed-woodland elements. In Martina both extremes —
on the one hand, glacial open-country species, on the
other, the later woodland elements — are poorly repre-
sented. Of glacial species, Vallonia tenuilabris (A. Br.)
was nol recorded and Columella collumella was repre-
sented only by one hardly determinable fragment, the
woodland assemblage is not markedly richer than the
present-day fauna at the same point. A peculiar feature
is the high amount of aquatic species in layer 13’as well
as the faunal richness of layers 13’ and 12’ including
also an admixture of several demanding species, al-
though the general character of this fauna corresponds to
environments of the declining glacial. Another remark-
able feature is the long survival of a number of open
country species, which documents that the area in ques-
tion had a parkland character till the Neolithic time. Of
prime chronostratigraphic importance is the decalcified
horizon (layer 7) immediately underlying the layer in-
cluding the Early Neolithic pottery and corresponding to
Holocene moisture maximum. This is reflected by a
rapid decrease and disappearance of open-ground spe-
cies.

In view of the above facts the biostratigraphic units
can be chronologically attributed to the following
phases:

A. The basal complex 15°-14" corresponds to the de-
chine of the Vistulian pleniglacial, i.e. to the time
span of declining loess formation, which is sup-
ported by the lithological character.

B. The humic complex under the cave portal (13°-11")
is generally attributable to the Late Glacial (= Late
Vistulian). A certain problem is presented by the
rich malacofauna from layers 13’ and partly 12’
with first occurrence of several demanding species
in small amounts, later disappearing for a short time,
which indicates a temporary warming. We cannot
exclude that this fluctuation provides evidence for
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the Allerdd Interstadial which however was no-
where identified in this area and facies, so that such
interpretation must be considered only preliminary.
Thus the decrease in faunal richness in the layer
11"might corresponds to the Younger Dryas.

C'. The horizon 10°-10 represents the level of immigra-
tion and gradual expansion of demanding elements
and thus can be attributed to the Preboreal.

C% The expansion of demanding and woodland ele-
ments associated with a rather abundant occurrence
of open-ground species, high CaCOs content of the
fine earth as well as the stratigraphic position below
the horizon of maximum decalcification indicate the
Boreal age.

D. The moisture maximum documented in the horizon
(7) immediately underlying the early Neolithic level
and a dramatic decrease in open-ground species in-
dicate the Atlantic sensu JAGER (1969). Its close an-
alogues have been reported from Karlitejn-Krabina
(LOZEK 1988) and Zlaty kan (LOZEK 1996) situated
in near surroundings.

E. The overlying complex 54 is again richer in CaCO;,
and humus; woodland species definitively become
predominating over open-ground elements which dis-
appear during this phase. The development of wood-
land fauna culminates as documented by temporary
occurrence of moisture- and shade-demanding species
Macrogastra ventricosa, Urticicola, Columella eden-
tfula) which later again disappear. This developmental
pattern corresponds to the Epiatlantic,

F. Three surface layers represent the Late Holocene
with definitive predominance of woodland malaco-
fauna of present-day character which has survived
at this place till now. Of stratigraphic importance is
the basal honzon 3 consisting of accumulated lime-
stone flags, which indicates the destruction and re-
treat of the cave portal. This event as well as the gen-
eral position of the layer in question correspond to
the Subboreal sensu JAGER (1969).

Two important conclusions of relevance to Postglacial
development can be inferred from the biostratigraphic
analysis of sedimentary fill of the Martina Cave en-
trance:
~ The most intensively decalcified layer (7) immediate-

ly underlying the horizon of Early Neolithic pottery

gives evidence of the Postglacial humidity maximum
corresponding to final Boreal and older half of the

Atlantic. It also corresponds to a standstill phase in

slope sedimentation.

— Faunal evidence of a parkland character of landscape
up to the Neolithic in the zone of woodland which is
the dominating vegetation formation in the area of Bo-
hemian Karst. This provides indirect evidence that in
the adjacent chernozem area of inner Bohenua which
is drier and more fertile and thus preferred by first
Neolithic cultivators, larger open areas of steppe char-
acter could exist even in this time period.



Table 2. Vertebrata from the Martina Cave

List of species

15’

147

137

1y

10

Pisces gen. sp. indet.

Amphibia, Anura
Bufo cf. viridis

Bufo cf. bufo

Rana cf. tempararia
Rana cf. ridibunda

FEEEEE————— ] —_ —_—— . -

Reptilia, Lacertilia
Lacerta cffgr. agilis
Lacerta cf. vivipara

Anguis fragilis

Reptilia, Ophidia
gen. sp. indet.

10

10

|_gen. sp. indet.

Aves, Passeriformes
cf. Coccothrausies coccothraustes

cf. Parus

Mammalia, Chiroptera
Rhainolophus hipposideros
Myotis bechsteini

Myotis natiereri

Myartis of. daubentemi
Eptesicus serofinis
Plecotus of. auritus

Vespertilico murinus

Barbaﬂrh’a barbasiellus

Mammalia. Insectivora
Talpa europaea

Svrex araneus

Sarex minutus

Crocidura suaveolens

Mammalia, Rodentia
Sicista sp.

Apodemus (Sylvaemus) sp,
Clethrionomys cf. glareolus
Arvicola terrestris

Microtus cf. Qeconomus
Microtus cf. Arvalis
Microtus arvalisfagrestis
Microts of. Agrestis

Fitymvs subterraneus

LIPS

R

1?7

45

12
18

Mammalia, div. ord.
Lepus europaeus

cf. Puiorius sp.

Sus scrofa

cf. Cervus sp.

‘b3 LA

18

B ek LA

Number of individuals
Number of species

bk

11
9

8
21

E9
13

34
12

51
10

14

For chronostratigraphic intepretation see Table 1.




General conclusions

The major conclusions may be summarized as follows:

— During the Postglacial land snails appear to have colo-
nized the Bohemian Karst in a relatively ordered se-
quence. However, in rocky sites and wetlands this de-
velopmental pattern may be more or less obscured
by excessive amounts of certain rupestral (e.g. Chond-
rina, Granaria, Pupilla) or marshland elements
(Carvchium, Vertigo). In the Bohemian Karst such
sites are rather numerous.

— The Late Glacial is characterized by parkland mala-
cocoenoses that include a number of more demanding
species such as Fruticicola fruticum, Euomphalia
strigella, Aegopinella minor or Vertigo pusilla associ-
ated with several thermophilous steppe elements, par-
ticularly Chondrula tridens and Pupilla triplicara.

— The Martina Cave is situated out of the chemozem zone,
within the region of mid-European deciduous forest
which has been covered by woodland since the beginning
of the Holocene. However, the Early Holocene snail com-
munities reflect the persistence of semi-open woodland or
dense parkland up to the major increase of moisture at the
Boreal-Atlantic boundary, when the semi-open woodland
became replaced by closed forest, which is reflected by
the decline of open-ground malacocoenoses.

— The Postglacial humidity culmination is documented
by honizons of brown soils with decalcified fine earth
that occur even in slope positions with permanent sup-
plying with calcareous material. This peculiar feature
thus reflects a standstill phase in slope transport.
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Jeskyné Martina (Cesky kras) — biostratigrafie vchodovych sedimentt

(Resumé anglického textu)
VOIEN Lozek — Ivan HorRACEK

PredloZeno 23. listopadu 2005

Vchod jeskyné Martina se otevira ve svrchni &sti vychodniho svahu Kodské planiny zhruba 900 m jjv. od v&Ze kos-
tela v Tetin€. Svah i Sir8i okoli pokryva dubo-habrovi pafezina, pfechazejici pfi horni hrané planiny do suché dfinové
doubravy. Nendpadny vchod pod nizkou skalkou byl objeven tetinskymi jeskyiiafi, ktefi p#i jeho rozgitovani nalezli
zlomky pravéké keramiky. Po tomto objevu zde Slavomil Vencl z Archeologického dstavu CSAV vedl archeologic-
ky vyzkum, behem n€hoZ bylo odkryto celé souvrstvi vstupni vyplng, tvofené rizn& hrubymi sutémi vapenct vypl-
nénymi hlinami s rizné€ vysokym podilem humusu i CaCO;. Veskeré vrstvy obsahovaly ulity m&kky$a v mnoZstvi
umoziiujicim statistické zpracovani (tab. 1) i kosti a zuby pfevaZné drobnych obratlovci (tab. 2).

NaSe price se zamé&fila na podrobny rozbor této fauny s cilem fesit nasledujici otdzky:
— Souvisly vyvoj spoleCenstev mékky$i a obratloved od pozdniho glacidlu.
— Vzajemnd korelace postglaciilnich sleda mékkysi a obratlovéi fauny.
— Sled malakocenoz v Eisté suchozemském prostfedi bez extrémnich stanoviit, jako jsou skaly nebo mok¥ady.
— Vyvoj pid ve vztahu ke svahové sedimentaci i odnosu v riznych fazich poledové doby.
— Pfechod fasné postglacidlni oteviené krajiny do zapojenych lesi.

— Vliv pravékého osidleni.
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Obg Zivotiiné skupiny vykazuji postupné nahrazovini spoledenstev oteviené krajiny z konce glacialu spolecen-
stvy lesnimi, ktera se na nalezidti i v $ir§im okoli udrZela dodnes, &ili obraz vyvoje, jakym se vyznacuje padsmo zondl-
ni stfedoevropské vegetace (mezofytikum botanické literatury). Zv143tni zminku zasluhuje bohaté spolecenstvo
pozdniho glacidlu odpovidajici parkovité krajin€, v némz se jiZz objevuji nékteré narofnéjsi prvky jako Fruticicola,
Euvombhalia nebo Aegopinella minor ve spoletnosti nékterych silné zastoupenych stepnich druhd, pfedeviim trojzub-
ky Chondrula tridens. Vrstva obsahuje pfekvapivé mnoZstvi vodnich druhi, které nepochybné pochizeji z idoli Be-
rounky, nékteré pfimo ze samotné feky (Valvata, Bithynia). Jejich pfitomnost na tomto vysoko poloZzeném suchém
mist& 1ze vyloZit jen druhotnym transportem prostfednictvim n&jakého predatora nebo snad pravékého ¢lovéka.

Podstatné je, Ze druhy oteviené krajiny (véetné Granaria frumentum) se udruji ve vyznamném zastoupeni i bé-
hem celého preboredlu a boreilu vzdor znaénému zvySeni podilu obyvateli polootevienych haja, ktefi podrzeli pie-
vahu aZ do konce boredlu. Postglacidlni maximum vlhkosti dokldda hnéd4 pida s odvdpnénou jemnozemi (7), kierd
odpovid4 atlantiku a ukazuje na klidovou fizi ve svahové sedimentaci. V jeji povrchové poloze byl zjist€n starsi neo-
lit. BEhem kulminace vihkosti probihd vyznamna zména charakterizovana pfichodem ¢isté lesniho druhu Helicodon-
ta obvoluta a vyraznym zvy3enim podilu vlahovky Monachoides incarnatus soucasné s tistupem pozdné glacialnich
a Casné holocennich obyvate] oteviené krajiny. Je pozoruhodné, Ze ve vyvoji fauny nelze zjistit stopy antropickych
vlivli vzdor dokladiim pravékého osidleni.

V kontextu celého souboru malakologicky analyzovanych postglacilnich souvrstvi v Ceském krasu pfedstavuje
sled mékkysich spole¢enstev z Martiny obraz primémého vyvoje v lesnatych teplych pahorkatinach stredni Evropy,
nebof neni ruden nadmérnymi podily nékterych druhil vazanych jak na skalni, tak na mokfadni lokality. Pozoruhodné
jsou nilezy z pozdniho glacialu, které patrné pochazeji z nékterého z jeho teplejsich vykyvi, nejspise allerddu. Mar-
tina leZi mimo fernozemni zénu, coZ odpovida celkem neruSenému vyvoji smérem k souvislym lesiim, 1 kdyZ oprav-
du zapojeny les s pfisluinym lesnim a pitdnim mezoklimaten se zde utvafi az béhem vlhkostniho maxima, tedy v at-
lantiku. Z hlediska sedimentace je atlanticki hn&di pida vyznamnym dokladem klidové faze ve svahové
sedimentaci, jakou zndme i z dal3ich lokalit v této oblasti (Karl3tejn-Krabina, Zlaty koii-jiZni svah, Zadni Kopanina),
Zivérem lze Fici, Ze Martina patii k nalezistim s nejipln&jsim bohaté ¢lenénym vyvojem v ramci terestrické facie

pozdniho glacidalu a holocénu,

Vysvétlivky k obrazkim

1. Poloha jeskyn& Martina. Vchod oznafuje Cerny kffiZzek.

2. Profil ve vchedu jeskyné Martina a jeho biostratigrafické vy-
hodnoceni.

Usek pfed portdlem: 1 = 5YR 2/1, ¢ernd. silné humozni, hrubé
drobtovita hlina s hojnymi kofeny a z&asti korodovanymi vapen-
covymi dlomky; 2 - 5YR 2/2, tmavé narudle hnédi drobtovita
hlina s pohrannymi dlomky; 3 -~ 5YR 3/2, tmavé rudohnédd,
ulehla, humézni hlina — vypli sut€ hrubych desek: 4 — 2.5YR
2,5/3, velmi tmava rudohnédé drobtovitd hlina s hojnou subangu-
larni stiedni suti; 5 - 2.5YR 2,5/4, tmavé rudohn&da s humoéznimi
zateky a dosti hrubou suti; 6—- 2,5YR 3,5/3, tmavé rudohnéda jilo-
vitd hlina s nefetnymi humoznimi zateky, Eofky uhlikt naspodu;
7-2.5YR 3,5/5, tmavodervend jilovitd hlina s vyrazné korodova-
nymi ilomky a zéasti odvipnénou jemnozemi: 8 — 5YR 3.5/4,
tmavé rudohnéda hlina s CaCO, infiltracemi; 9 - 5YR 3/4, tmavé
rudohné&da hlina s velmi Eetn¥ymi CaCO, vykveéty a subangulami-
mi ilomky s vapnitymi poviaky: 10 - 5YR 3,5/3, narudle hnéd4
hlina s nepravidelné provipnénymi dGseky a hojnymi drobnymi
ulomky.

Usek pod portilem: 10° — 5YR 4,5/3,5, svétleji narudle hnéda hli-
na, silné provipnéni: 11'- tmav&i narudle hnédi hlina, mirné hu-
mdzni, s hojnymi drobnymi dlomky; 12°= 5YR 3/2-4,5/2, imavé
narudle Sedd humoézni hlina s bélavymi silné provipnénymi parti-
emi, drobtovité skladby; 13" — 5YR 3/3.5, tmavé rudohnédé hu-
mézni jemné drobtovitd hlina s uhliky: 14" = 5YR 5/4.5, narudle

okrova hlina; 15" = 5YR 5,5/6, narudle Zlutd spradovitd hlina s bé-
lavymi CaCO; pseudomycelii a drobnéjSimi dlomky.

Vysvétlivky k tabulkam

Tabulka |. Mékkv3i v jeskym Martina. Ekologicka a biostratigra-
ficka charaktenistika.

A — les (vieobecné), B — bezlesi, C — les/bezlesi, D — mokfady,
bichy, vody,

1 — zapojeny les; 2 - pfevdiné les: W(M)} - podruZng svEZi otevie-
nd stanovidté, W(S) — podruiné sucha oteviend stanovisié: 3 -
vihké lesy: 4 — stept a xerotermni skaly: S — stepi a skalni stepi,
XC — xerotermni vipencové skaly, S(W) — stepi aZ xerotermni
lesy: 5 — bezlesi (vieobecné); lesy, bezlesi: 6 — pleviiné suché:
7 - sv@Zi nebo rizné: Me — rizného druhu, R(W) — vih{i skaly, su-
fové lesy; 8 — pfevaZné vihké: 9 — mok¥ady, bfehy; 10 — vody:
F —toky, St - stojaté, StF —tekouci aZ stojaté, S1(F) — pfevainé sto-
jaté, P — mocaly, baziny, Pp — periodické mocily, R — prameny.

I — vyznalné druhy teplych obdobi, !! — viidéi druhy tepl¥ch ob-
dobi, (1) = euryviermni druhy teplych obdobi, + - spraové druhy,
++ — virdéi druhy sprasi, (+) — mistni nebo nahodné spradové dru-
hy, G — ptetivajici glaciil mimo spra¥ové pasmo, (G} - pfefivaji-
ci glacidl jako relikty.

Zastoupeni: 6 — pocet jedincu, 27 - piibliEné uréeni.

Tabulka 2. Nalezy obratlovch v jeskyni Martina,
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