
Geological Quarterly, 2006, 50 (4): 465–474

Fossil wood from the Roztocze region (Miocene, SE Poland)

— a tool for palaeoenvironmental reconstruction
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This article presents the results of anatomical and growth ring analyses of Badenian fossil wood from the Roztocze region. All the wood
specimens examined are classified as Taxodioxylon taxodii Goth. The growth rings of these woods are very narrow, and they vary consid-
erably in width. Tracheids have large diameters and thin cell walls.The latewood zone is wide; the transition between early and latewood
is gradual. Both false and wedge rings and also reaction wood zones are often found. These characteristics of the fossil wood make it a
suitable aid to reconstructing the environmental conditions prevailing while the trees were alive. The environmental requirements of
these ancient Roztocze trees are interpreted by comparison with those of their nearest living relatives, with the conclusion that they lived
in waterlogged or temporarily flooded stands under seasonally changing environmental conditions and with a long growing season. The
climate was warm and humid and characterized by significant variability, mainly as regards the amount of precipitation.
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INTRODUCTION

Like other types of animal or plant fossil, wood remains
carry information about the environmental conditions that ex-
isted while the trees were alive. The character of palaeoclimatic
factors is usually reconstructed on the basis of the taxonomic
identification of fossil remains, so that the climatic require-
ments of ancient species can be compared with those of their
nearest living relatives (Mosbrugger and Utescher, 1997).
However, analysis of the growth rings of fossil wood can shed
further light on palaeoclimatic factors.

Besides the genetically determined characteristics of indi-
vidual species, the manner of growth ring development de-
pends mainly on temperature, water supply and the duration of
the growing season (Creber and Chaloner, 1984). The influ-
ence of these environmental factors on trees is often expressed
within their wood by variation in the number and size of the
cells as well as by the thickness of cell walls. As a result, wood
is characterized by nonuniform growth ring width and a vari-
able ratio of early and latewood zones (Chaloner and Creber,
1973; Creber and Chaloner, 1985). Detailed analyses of fossil

wood and the interpretation of palaeoenvironmental conditions
based on such analyses are the subject of palaeodendrological
studies (Creber and Francis, 1999).

Examples of palaeodendrological analyses are especially
numerous for sites lying in polar regions (Jefferson, 1982;
Francis, 1986, 1991; Parrish and Spicer, 1988; Spicer and
Parrish, 1990; Kumagai et al., 1995; Francis and Poole, 2002)
and also those in Britain and the United States (Francis, 1983,
1984; Morgans, 1999; Morgans et al., 1999; Falcon-Lang,
1999a, b, 2003; Wheeler and Lehman, 2005). In Poland there
have to date been no studies devoted to palaeodendrological
analysis, although the presence of fossil wood in some regions
provides a convenient opportunity for such research.

The Roztocze area is one such place. Accumulations of
mineralised tree trunks and smaller pieces of wood have long
been known to occur here. The first reports on “petrified trees
in Roztocze” appeared as early as in the 15th century, when Jan
D³ugosz described them in his Chronicle as one of “...two pecu-
liarities of the Polish country...” (cf. Buraczyñski, 2002). The
present paper presents a study of fossil wood originating from
the Roztocze area on the basis of anatomical and growth ring
analyses, with the aim of reconstructing the environmental con-
ditions in this area during the Badenian stage.



MATERIAL

Petrified wood was obtained from the Roztocze Rawskie re-
gion, mainly from the village of Siedliska (Fig. 1). Some mate-
rial was also taken from the region of Lubycza Królewska and
Hrebenne. In addition, some specimens belonging to private col-
lections of Roztocze fossil wood were also used for the analyses.
A proportion of the examined specimens is now stored in the
collection of the Herbarium and Palaeobotanical Museum at the
Institute of Botany of the Jagiellonian University.

Fragments of fossil wood were taken from a layer of mod-
ern soil. Dating these remains is enabled by earlier finds of
Roztocze woods which have been described in the literature.
Fossil wood derived from primary deposits is known from the
areas of Goraj, Chrzanów and Lipowiec, as well as from the
Roztocze Lwowskie region, where they have been described
from the areas of Chlebowice, Gliñsko, £ozina, Stracz and
Gliniska near ¯o³kiew (Brzeziñska, 1961; Areñ, 1962, 1992;
Buraczyñski, 2002; Radwañski and Wysocka, 2001;
Maruszczak, 2001). On the basis of the age of the deposit in
which these woods were found in situ, it is clear that the fossil
age should be linked with the Early to Mid Badenian stage.

The fact that petrified woods from the Roztocze region most
often occur in secondary deposits is the result of erosion and
weathering which led to the partial removal of Neogene deposits
from this area. It is also an effect of later redeposition associated
with the activity of continental glaciers during the Pleistocene
(Rzechowski, 1997; Brzyski, 1998).

All of the wood analysed came from secondary deposits.
The size of the specimens studied ranged from several to tens
of centimetres. The material was preserved in the form of frag-
ments of trunks and large branches. Samples of small twigs or

roots were very seldom analysed. Specimen surfaces were
smooth and rounded and frequently covered with “desert var-
nish” (Fig. 2A), the latter forming after the wood had mineral-
ised, in the desert climate present in the Roztocze area at the
end of the Miocene (Areñ, 1992; Maruszczak, 2001). The sur-
face of the analysed wood also bore numerous dwarf shoot
traces (Fig. 2B). Moreover, borings left by wood-eating insects
were visible in some specimens (Fig. 2C). There was no other
biological damage in the wood, and the presence of deformed
or crushed parts of specimens was burial-related. Wood struc-
ture preservation depended also on the degree of mineral
crystallisation (Fig. 2D).

Mineralogical studies showed the structure of the petrified
wood to be best preserved in parts of specimens originally min-
eralised with chalcedony. The wood anatomy is less distinct or
completely invisible in places where chalcedony has
recrystallised into quartz and in specimens impregnated with
cryptocrystalline silica (Heflik, 1996). Mineralogical studies
showed also that besides these main silica compounds, the fos-
sil wood include admixtures of pyrite, allophanes and organic
mater (Heflik, 1996).

METHODS

Due to the abundance of the study material, a preliminary
selection of specimens was made. For anatomical studies, the
most morphologically differentiated material was selected, to
provide greater taxonomic variety. For growth ring analysis
only wood from the external layers of trunks was used, since
the manner of growth ring development depends on the age of a
tree and also on the function of its organs (Schweingruber,
1990; Chapman, 1994). Assessment of whether a specimen be-
longs to a trunk, branch or twig was based on observing ring
curvature and the divergence of rays. It was also decided that
wood selected for growth ring measurement should have at
least 24 rings, since shorter sequences do not provide reliable
results during their mutual correlation. Using these criteria, 106
fragments of mineralised wood were used for anatomical
analysis and only 25 specimens qualified for tree ring research.

For anatomical analysis, standard petrographic thin sections
were used. Sections were prepared for each specimen along three
perpendicular planes: transverse (TS), radial longitudinal (RLS)
and tangential longitudinal (TLS). Measurements of individual
cellular elements of wood were taken using a microscope eye-
piece equipped with a micrometer scale. Photographic documen-
tation was carried out using an Olympus BX51 transmission light
microscope coupled with a DP12 camera.

In order to determine the details of anatomical structure,
which are hard to discern under an optical microscope, scan-
ning microphotographs were made of 41 specimens. Fragments
of wood several millimetres long were taken for scanning elec-
tron microscopy. To obtain a more distinct surface the wood
was briefly immersed in a 10% solution of hydrofluoric acid
(for approx. one minute). Etching time and acid concentration
were selected individually for each specimen. For the scanning
examination a Philips XL 30 microscope was used.

Growth ring analysis was performed on wood cut along its
transverse plane. Measurements were often taken along several
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Fig. 1. Simplified geologic map of the South Roztocze area (without

Quaternary cover), showing the location of sampling sites

(white circles); modified after Cieœliñski et al., (1994)



radii, in order to eliminate crushed or mineralised zones that
disturbed the structure of growth rings. DENDROLAB mea-
suring equipment was used, making it possible to determine
tree ring width with a precision of up to 0.01 mm (Zielski and
Kr¹piec, 2004).

Sequences of rings obtained as a result of the measurements
taken were compared with each other using standard correla-
tion procedures used in dendrochronological analyses (Cook
and Kairiukstis, 1990). This was undertaken in order to estab-
lish whether there were specimens from trees of the same age
or possibly belonging to the same trunk among the material
analysed. To define the similarity of measurement sequences,
linear correlation coefficients and “t” values were calculated
for individual pairs of the sequences, using TRRAD software
(Zielski and Kr¹piec, 2004). The ring sequences were also
compared visually. A graphic analysis was carried out with
QUERCUS software (Walanus, 2005).

The next stage of growth ring examination was to establish
the coefficients of annual sensitivity (AS) and mean sensitivity
(MS) for the analysed wood. These coefficients were obtained
using the following formulae (Douglass, 1936):
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where: x and t are as above, n — number of rings.

Annual sensitivity expresses the difference in width for two
consecutive rings, while mean sensitivity expresses ring width
variability within a longer measurement sequence. Values of
AS and MS can, in theory, range from 0 for rings with no width
changes, to 2 for increments with the greatest variation in
width. In practice, it is assumed that rings for which the MS co-
efficients are below 0.3 were formed in favourable climatic
conditions. These rings are called “complacent” as opposed to
“sensitive” rings for which MS values are above 0.3. Such high
MS values indicate the influence of changing, growth-limiting
external conditions on a tree (Fritts, 1976).

During growth ring analysis the ratio of early to latewood
was also established. Measurements of tracheid radial diameter
were made for 50 selected rings with well-preserved wood tis-
sue. Examinations were carried out in transverse thin sections
of woods, using micrometer scales mounted in the microscope
eyepiece. Analyses were made along a single row of cells form-
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Fig. 2. Wood from the Roztocze area

A — wood surface covered by layers of desert varnish (specimens XXIII and XLV), B — dwarf shoot traces (specimen II), C — distinct
growth rings and borings formed due to the activity of wood-eating insects (specimen ROZ 25), D — coarse crystalline silica mineralization
(specimen VI)



ing a ring. From the measurements taken, a sequence of cumu-
lative algebraic sums of deviations from the mean of the radial
cell diameters was obtained. A graph representing these to-
gether with measurement values of cell radial diameter was
used to determine the boundary between early and latewood
zones (cf. Creber and Chaloner, 1984).

RESULTS OF ANATOMICAL ANALYSIS

The results of anatomical analysis showed all the specimens
of fossil wood from the Roztocze region to represent the same
type of anatomical structure. On this basis the woods were clas-
sified as follows:

Taxodioxylon (Hartig) Gothan, 1905
Taxodioxylon taxodii Gothan, 1906

(Gothan, 1906, 176, fig. 1–4)

Diagnostic criteria based on wood anatomy. Coniferous
wood with distinct growth rings (Fig. 3A, B, C). Transition
from early- to latewood mostly gradual. Width of growth rings
and number of tracheids in early- and latewood very variable
(see next paragraph).

Outline of tracheids rectangular or polygonal, slightly
rounded; in latewood cells radially flattened (Fig. 3A, B, C). Ra-
dial diameters of tracheids 50–60 ìm in earlywood and
10–20 ìm in latewood zones. Tangential diameter of tracheids
20–50 ìm. Thickness of tracheid walls 3–4 ìm in earlywood and
5–6 ìm in latewood. Bordered pits on radial walls of tracheids
(Fig. 3D) mostly uniseriate or biseriate, occasionally up to
triseriate. In multiseriate rows pits aligned opposite. Pits contigu-
ous and sometimes slightly compressed along the sides of con-
tact in earlywood and more spaced out in latewood. Bars of
Sanio frequently present. Pits circular or slightly flattened (diam-
eter 14.5–17.5 ìm) possessing circular apertures in earlywood
and short-elliptic, obliquely oriented apertures in latewood. Bor-
dered pits on tangential walls confined to latewood. Pits circular
(9.0–12.5 ìm in diameter), arranged in a single irregular, scat-
tered row. Pit apertures elliptical or slit-like, obliquely oriented.

Axial parenchyma (Fig. 3F) partially filled with remains of
resinous contents, diffusely distributed throughout growth ring
or aligned in tangential bands. Diameter of parenchyma cells
30–70 ìm. In longitudinal sections cells rectangular or bar-
rel-shaped, 60–120 ìm in height. Horizontal walls of paren-
chyma elements thick and nodular (Fig. 3F).

Adjacent rays separated by 2–12 rows of tracheids (Fig.
3A, B, C). Rays entirely parenchymatous, uni- or sometimes
partially biseriate, 1–35 cells high (Fig. 3F). Horizontal walls
of ray cells 3–4 ìm thick and occasionally with simple pits.
Tangential walls thin and smooth, 2–3 ìm thick, vertical or
oblique. Identures absent. Rays composed of cells 60–160 ìm
in length, 16–28 ìm in height, and 16–32 ìm in width.
Crossfield pits (Fig. 3E) in median cells in a single horizontal
row, 1–3 pits per field. In marginal cells usually 2–6 pits ar-
ranged in two rows. Pits circular or short-elliptical

(7.5–10.0 ìm in diameter), with apertures large and horizontal
in earlywood and slit-like, obliquely oriented in latewood.

The features of anatomical structure presented above, espe-
cially the type of tracheary pits, the taxodioid earlywood cross-
field pitting, the entirely parenchymatous rays with generally
smooth and thin walls, and the absence of resin ducts, placed
these woods in the genus Taxodioxylon. The analysed fossils
were precisely assigned to the species Taxodioxylon taxodii Goth.
on the basis of nodular thickenings on the horizontal walls of axial
parenchyma cells. From the point of view of wood anatomy, a
modern counterpart of this taxon is the bald cypress (Taxodium

distichum (L.) Rich.; Kräusel, 1919; Zalewska, 1955).

RESULTS OF GROWTH RING ANALYSIS

Analysis of fossil wood from the Roztocze region showed
it to have distinct and narrow growth rings, which are variable
in width and have a wide latewood zone. The presence of re-
action wood and false or wedging rings is also characteristic
of this wood.

The examined reaction wood zones showed an increase in
ring width, a higher proportion of latewood and a more gradual
transition between early and latewood than normal. Tracheid
walls in the reaction wood were also found to be rounded and
thicker (Fig. 3C). Wedging rings which occurred in some spec-
imens were visible as places in which width decrease led to the
disappearance of rings (Fig. 3B). False rings are often present,
both within early and latewood zones. False rings are marked
by a gradual decrease in cell diameter and increase in wall
thickness, after which there is a smooth transition to larger
lumens and thinner tracheid cellular walls (Fig. 3A). Due to the
anomalies described and the frequent waviness of rings only
fragments of specimens with undisturbed wood structure were
selected for growth ring measurements.

The number of rings within sequences obtained from these
measurements ranged from 24 to 125 for individual specimens.
Ring width varied from 0.07 to 4.04 mm, the mean being
0.87 mm. In the majority of specimens (73%) the mean width
of the rings was below 1 mm. Maximum ring width was over
2 mm in 35% of measured sequences. Detailed results of the
analyses are presented in Table 1 and Figure 4.

The measured sequences of rings were compared with each
other by calculating correlation coefficients and by analysing
graphs. However, no ring sequences exhibiting sufficient mu-
tual similarities were found for them to have belonged to trees
of the same age. The reason for this may be that the wood ana-
lysed most probably represents a broad timespan.

The results of growth ring measurements were also used to
determine annual sensitivity (AS) and mean sensitivity (MS)
coefficients. Calculated AS values showed the existence of a
similar proportion of ring pairs for which AS values were below
and above 0.3 (Table 1). Despite this, the MS coefficient ex-
pressing general variability in the ring width was frequently
over 0.3 (in 73% of specimens) and was 0.36 on average. The
reason for these high MS values was the irregular occurrence of
very high AS coefficients within the ring sequences of the wood
analysed (Fig. 5).
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Detailed analysis of individual growth rings allowed also
the ratio of early to latewood to be determined; this was based
on measurements of tracheid radial diameter. The rings ana-
lysed were found to start with earlywood for which average
cell diameter ranged from 50 to 60 ìm. The size of the last
rows of tracheids was usually 10–20 ìm. The variability in

cell diameter within an individual ring was frequently associ-
ated with the existence of false rings (Fig. 6). These analyses
showed also that the specimens studied were characterized by
a gradual transition from early to latewood and by a wide late-
wood zone. The latewood band was usually 20–30% of the
whole ring width (Fig. 7).
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Fig. 3. Taxodioxylon taxodii Goth. from the Roztocze region

A — false ring (specimen 200/30), TS; B — wedging ring (specimen VIII), TS; C — growth ring boundary within reaction wood (specimen
XI), TS; D — cross-field pits and intertracheary pitting (specimen III), RLS; E — cross-field with taxodioid pits (specimen XXXVIII), RLS; F

— uniseriate rays and axial parenchyma cells with nodular thickening of horizontal walls (specimen L), TLS; A, B, C — pictures taken through
an optical microscope; D, E, F — scanning microphotographs
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T a b l e 1

Results of growth ring analysis

Specimen
number

Number
of rings

Mean ring
width
[mm]

Minimum
ring width

[mm]

Maximum
ring width

[mm]

Mean
sensitivity

Percent of
ring pairs

with AS�0.3

Number of
false rings

Number of
wedge rings

ROZ1 27 1.15 0.65 1.67 0.26 46.2

autoROZ 2 30 0.61 0.27 1.12 0.21 31.0

ROZ 3a 47 0.76 0.14 1.72 0.33 50.0 1

ROZ 3b 79 0.45 0.11 1.05 0.40 57.7

ROZ 4 36 0.96 0.40 1.95 0.28 34.3 3

ROZ 5 46 0.44 0.12 1.33 0.63 73.3

ROZ 6 43 0.57 0.26 1.15 0.36 54.8 1

ROZ 7 28 1.20 0.42 2.85 0.49 77.8

ROZ 8 43 1.31 0.22 4.04 0.40 50.0

ROZ 9 51 0.87 0.32 1.85 0.23 30.0 1

ROZ 10 29 1.64 0.21 3.34 0.34 39.3

ROZ 11 33 0.95 0.31 1.96 0.31 40.6 1

ROZ 12 43 1.00 0.25 1.69 0.34 50.0

ROZ 13 46 0.74 0.17 2.59 0.40 57.8

ROZ 14 30 0.67 0.16 2.10 0.43 51.7

ROZ 15 24 2.00 0.36 3.38 0.44 60.9 5

ROZ 16 48 0.73 0.07 1.78 0.41 62.5

ROZ 17 68 0.50 0.13 1.59 0.35 52.2 2

ROZ 18 45 0.82 0.16 2.13 0.36 40.9 �3

ROZ 19 63 0.79 0.24 2.12 0.50 66.1

ROZ 20 45 0.79 0.30 1.29 0.25 31.8

ROZ 21 38 0.68 0.26 1.45 0.34 51.4

ROZ 22 51 1.05 0.30 2.15 0.27 38.0

ROZ 23 24 0.79 0.29 1.36 0.33 39.1

ROZ 24 32 0.69 0.35 1.27 0.27 41.9

ROZ 25 125 0.53 0.08 1.50 0.33 42.4

Fig. 4. Dendrographs showing variability of ring width

occurring within selected specimen

Horizontal lines show mean ring widths for each specimen



DISCUSSION

The results of anatomical analysis allowed all the exam-
ined woods to be classified as being of the species
Taxodioxylon taxodii Goth. The large number of specimens
analysed, as well as their preliminary selection from abundant
wood collections, suggest that this is probably the only type of
fossil wood to occur in the Roztocze area studied. This dem-
onstrates also that T. taxodii was a very numerous or even
dominant tree species there during the Badenian stage.

Taxonomic determination of the fossil wood made it possi-
ble to reconstruct to some extent the environmental conditions
in which the ancient trees grew. This interpretation is based on
comparing the environmental requirements of the fossil plants
with those of contemporary species to which they are closely
related. The nearest living relative of Taxodium taxodii is the
bald cypress (Taxodium distichum (L.) Rich.). This tree grows
in periodically flooded habitats such as swamps, river flood-
plains or tidal estuaries. The native range of the bald cypress is
restricted to warm and humid climate regions (Wilhite and
Toliver, 1990; Schweingruber, 1993). This suggests that simi-
lar environmental conditions occurred in Roztocze when the
fossil trees were living.

Sites suitable for the trees were certainly
present in low-lying coastal areas. Such ar-
eas existed here before the marine transgres-
sion which gradually embraced different
parts of the Roztocze area during the Bade-
nian stage (Musia³, 1987; Peryt et al., 1998;
Wysocka, 2002).

This conclusion as regards palaeoclimate
conditions is consistent with results of pala-
eontological research and also with results of
carbon and oxygen isotope ratio investiga-
tions. These studies showed that during the
Badenian period the area of Southern Poland
remained in the humid moderately warm cli-
mate zone (Brzeziñska, 1961; Stuchlik, 1980;
Pisera, 1985; Planderova et al., 1993; Gone-
ra, 1997; Durakiewicz et al., 1997; Bicchi et

al., 2003).
Like living bald cypresses, the trees of

Roztocze most probably grew in deltas and
swamp environments, subject to flooding. This fact may ex-
plain the lack of taxonomic variety in the wood analysed. Such
unfavourable habitat conditions, to which only a small number
of species adapt, are the reason why modern bald cypress for-
ests frequently form pure stands (Devall, 1998). A similar situ-
ation most probably existed in the case of the Roztocze trees.

The occurrence of the Roztocze trees in delta or water-
logged areas was also conducive to their preservation, because
in such an environment fallen trunks could be rapidly buried by
layers of sediment. Moreover, processes of biological tissue de-
composition were slowed in the anaerobic conditions of such
an environment. These factors contributed to the presence of a
large amount of mineralised wood in the Roztocze region.

Furthermore, the original mineralization of woods with silica
and pyrite minerals suggests that their petrification may have
taken place in river and delta areas. This suggestion is based on
facts that wood silification is a process that usually takes place
within terrestial sediments (Sigleo, 1979; Jefferson, 1987), while
syngenetic pyrite mineralization of wood usually takes place in a
flowing water environment rich in organic substances from plant
matter decay (Buurman, 1972; Fowler et al., 1973).

In order to interpret the environmental conditions during
the Badenian in the Roztocze region, the results obtained from
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Fig. 5. Percentage values AS coefficient for selected specimens

Fig. 6. Variability of cell radial diameters in rings of selected specimens

In each sample measurements were made for five consecutive rings (R); arrows point
to visible tracheid diameter changes within the zone of false rings

Fig. 7. Early and latewood zones

in selected specimens

Vertical line shows the boundary between zones



analysis of growth rings of fossil wood were also used. The
development of growth rings is most frequently the result of a
seasonal climate. Occasionally, however, some species form
rings even in areas characterized by uniform external condi-
tions. In these cases, the presence of growth interruptions is
genetically determined rather than being influenced by clima-
tic factors (Creber, 1977). This kind of ring usually shows
great variability in width and has a small portion of latewood.
The increments are also characterized by a symmetrical distri-
bution of cell sizes on both sides of ring boundaries and by a
lack of continuity around the circumference of the stem (Ash
and Creber, 1992; Falcon-Lang, 2003). However, such fea-
tures do not correspond to the way the growth rings developed
in wood from the Roztocze region. The rings of the fossil
wood fragments here have distinct borders, clearly marked
throughout the whole circumference of the stem, and a broad
latewood zone. This ring structure suggests seasonal variabil-
ity of the environment in which the ancient trees grew.

The mean ring width of the wood analysed is 0.87 mm.
Ring width is a species-specific feature but narrow rings, espe-
cially those less than 1 mm wide, suggest the unfavourable in-
fluence of external factors on a tree (Schweingruber, 1996).
For the Roztocze trees the formation of such narrow rings was
probably the result of growth limitation caused by a flooded en-
vironment. A similar situation is observed in modern bald cy-
presses, which grow more slowly in stands associated with
high water level than at sites characterized by moderate water
inflow (Yamamoto, 1992; Prezeshki, 2001). An additional fac-
tor which can also contribute to reduction in ring width in liv-
ing bald cypresses is the increased salinity that exists in areas
affected by seawater influx (Allen et al., 1996). External condi-
tions of this kind might also be the reason for the small width of
growth rings in fossil trees from the Roztocze region.

The growth of the ancient trees on waterlogged and unsta-
ble ground is also suggested by the frequent presence of reac-
tion wood and wedging rings within the wood specimens ana-
lysed. The reasons for the occurrence of wedging rings may,
beside other things, be marked eccentricity of the stem or the
influence of growth-limiting factors on a tree (Larson, 1956).
Their colonization of flood-prone, soft, and unstable ground
most probably limited the trees’ growth and presumably caused
trunks to lean away from the vertical. In both cases this would
ultimately lead to the formation of wedging rings. Moreover,
changes in the direction of tree tilt led to the development of re-
action wood within the circumference of the stem (Spurr and
Hyvärinen, 1954; Low, 1964).

The analyses performed show also a large variability in fos-
sil wood ring width. The main reason for this is the influence of
variable external conditions on a tree, especially the most
growth-limiting environmental factor. The observed differenti-
ation in fossil ring width is expressed by high values of AS and
MS coefficients. High values of AS indicate significant changes
in external conditions during consecutive seasons. The irregu-
larity with which such high values of AS occur in measurement
sequences reflects the variability in intensity of growth-limiting
factors through time. The ring width of living bald cypresses
shows a high correlation with the amount of rainfall during
consecutive years (Stahle et al., 1985; Stahle and Cleaveland,
1992, 1994; Reams and van Deusen, 1998). On this basis it

must be assumed that similar variation in precipitation may be a
reason for the described changeability in ring widths formed by
the ancient trees.

Changeable conditions of the palaeoenvironment in which
these trees grew are also reflected by the existence of false rings
observed within the wood specimens analysed. False ring for-
mation in living bald cypresses is the effect of temporary
growth cessation or retardation during periods of decreased
water level. Their existence is often also the result of growth
stimulation associated with inflow of nutrient-rich water at the
end of a growing season (Bowers et al., 1990; Wilhite and
Toliver, 1990). Therefore a variable amount of precipitation
probably also caused the frequent presence of false rings in
fossil wood from the Roztocze region.

The character of palaeoenvironmental conditions could be
also inferred from the analysis of cells forming individual
rings. The measurements of tracheid radial diameter showed
that the rings of the wood examined have a gradual transition
between early and latewood zones and a wide band of late-
wood. This ring structure is probably an effect of trees grow-
ing in an environment characterized by a long growing season
and unlimited water supply (Creber and Chaloner, 1984). The
existence of adequate water resources at sites where trees
grew is confirmed also by presence of thin cell walls and large
tracheid diameters within the wood analysed (cf. von Wilpert,
1991). In the case of the ancient trees from the Roztocze re-
gion, high humidity was undoubtedly connected with the wa-
terlogged character of their stands.

The percentage of latewood within the rings could be also
determined by the time of needle retention by trees. A broad zone
of latewood and distinctly marked ring boundaries suggest the
deciduous character of a tree (Falcon-Lang, 2000a, b; Fal-
con-Lang and Cantrill, 2000). However, in the wood analysed
needle traces crossing the structure of the rings indicate long nee-
dle retention by the Roztocze trees (cf. Jalkanen and Kurkela,
1992). Thus the influence of environmental conditions on the
plants is a more convincing explanation of the described struc-
ture of rings found in the wood specimens examined.

SUMMARY

1. Anatomical and growth ring analyses of fossil wood al-
lowed the interpretation of palaeoenvironmental conditions
present in the Roztocze area during the Badenian stage. The re-
sults obtained were interpreted on the basis of comparing the
habitat and climate requirements of ancient trees with those of
their nearest living relatives.

2. The anatomical analyses show that all the fossil wood
specimens analysed belong to the species Taxodioxylon taxodii

Goth. With respect to the anatomical structure of its wood this
taxon corresponds to the living bald cypress tree (Taxodium

distichum (L.) Rich.).
3. Since modern bald cypresses grow in waterlogged or

temporarily flooded stands in warm and humid climatic re-
gions, the conditions of habitat in the Roztocze area were pre-
sumably similar when the ancient trees were alive.
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4. Frequently appearing wedging rings, reaction wood and
generally narrow rings observed within the wood specimens ana-
lysed also support the idea that these trees grew in flooded stands.

5. Rings present in the wood analysed demonstrate seasonal
variability of the climate in which the trees grew.

6. The changeable character of external factors is also sug-
gested by variable growth ring width and the frequent presence
of false rings in the wood analysed.

7. Comparisons with the environmental requirements of
contemporary bald cypresses show that the variability of the
palaeoenvironment must have been largely associated with
variable volumes of precipitation over a single growing season
and during consecutive years.

8. The influence of environmental conditions on trees is
also reflected in the structure of individual rings. The large di-
ameters of tracheids and their thin cell walls, the significant

percentage of latewood and the gradual transition between
early and latewood zones suggest a long growing season and
adequate water supply.

9. Adequate water resources in the case of the Roztocze
trees were doubtless connected with the waterlogged nature of
their stands.
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