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INTRODUCTION

Elucidation of interactions between components of
terrestrial ecosystems is one of the prime goals of vari�
ous paleoecological studies, from classification of
diverse trace fossils to quantification of components of
the biogeochemical cycle. Of particular importance is
documentation of such cases of interaction between
producers, consumers, and decomposers where infor�
mation on both the taxonomy of the participating
organisms and the exact nature of their interactions
(trophic or non�trophic) is preserved. This task is
highly demanding because it requires that the fossil
material is both well preserved and well documented
geologically and stratigraphically.

In this paper we describe feeding traces of beetle
larvae in the form of tunnels and shafts with
xenoglyphs (for terminology, see Mikuláš and Dronov,
2006) and the mineralized wood containing these
traces.

MATERIAL AND METHODS

The specimen described in this paper comes from
the locality Tikhie Gory (Fig. 1), which is situated on
the right bank of the Kama River 2 km downstream of
the town of Mendeleevsk, Tatarstan and is well known
among paleontologists and stratigraphers. The depos�
its exposed there belong to the Sheshma Horizon of
the Ufimian Stage (on the status of the Sheshma Hori�
zon and its type sections, see Netschajew, 1915 and
Naugolnykh, 2004) and the Baitugan beds of the
Lower Kazanian Substage of the Kazanian Stage.
Sandstones and slabby siltstones and mudstones of the

Baitugan beds contain occasional plant macrofossils
and a rich fauna of fossil insects. The specimen
described here, GIN no. 4856/242, comes from the
same layer.

This is a 73 × 30 × 15 mm fragment of mineralized
wood (Pl. 13, figs. 1–3). The wood is replaced by
amorphous silica, preserving the structure of the con�
ductive tissue. For study under a CamScan scanning
electron microscope small (5 × 3 × 1 mm) fragments
were fixed to specimen stages with acrylic glue.

Structure of Wood

Due to the good preservation of the specimen we
were able to characterize some of its microanatomical
details (Fig. 2, Pl. 13, figs. 4–6, Pl. 14, figs. 1–7).
Because one side of the fragment contains peridermal
(i.e., bark) layers, the fragment as a whole represents
an outer portion of a tree trunk and comprises second�
ary xylem and wood rays composed of parenchyma.

The secondary xylem is composed of tracheids with
distinct araucarioid pitting. The average tracheid
diameter is 25–30 µm. The tracheid pits (outside the
ray crossfields) are bordered, regularly circular (Pl. 14,
figs. 3, 6) or, more rarely, oval; in the latter case, the
major axis of the pit can be oriented along (Pl. 14,
fig. 4) or perpendicular (Pl. 13, figs. 5, 6) to the trac�
heid. The average diameter of the pit including the
border is 8–11 µm. The apertures of pits are visible in
only a few areas (Pl. 13, fig. 5, on the right; Pl. 14,
fig. 4); their diameter is 4–5 µm. The pits are closely
set, but their borders are usually not contacting each
other. The pits are arranged into one (Pl. 13, figs. 5, 6;
Pl. 14, figs. 1, 2) or, more rarely, two (Pl. 14, fig. 4)
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Fig. 1. The geographic location (left) and the geological map (right) of Tikhie Gory (asterisked). The geological map is from
Silantiev et al., 2007.
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rows; tracheids with such alternative types of pitting
can be observed within the same area, close to each
other (Pl. 14, fig. 6). On expanded segments of trache�
ids the uniseriate pitting can become curved (Pl. 14,
fig. 3) and transformed into the biseriate one. Pits in
the crossfields are usually four in number, arranged
one pair above another; sometimes their mutual
arrangement is not perfectly symmetrical. The aper�
tures of crossfield pits are slitlike, oblique, 6–7 µm
long and 1.5–2.0 µm wide (Pl. 14, figs. 5, 7). No cras�
sulae are present on the tracheids. The wood rays are
rather numerous (Pl. 13, fig. 4). All the observed wood
rays are uniseriate and homocellular, comprising 2–
11 vertical rows (layers) of cells. The cell walls of the
tracheids are much thicker than those of the rays.

The structure of pits in the wood specimen from
Tikhie Gory is similar to that in the fossil wood from
cupriferous sandstones of the Cis�Urals, tentatively
identified as Dadoxylon sp. (Naugolnykh, 2002: pl. 9,
fig. 3 and pl. 10, figs. 2, 6). Wood of a very similar ana�
tomical structure occurs in the Sheshma deposits of
the Kama Regions (the Yug Formation and its analogs,

see Naugolnykh, 2004). Fossil wood of this type, tra�
ditionally classified in the genus Dadoxylon Endlicher
and allied with coniferophytes, is rather common in
the Upper Carboniferous and Lower Permian of west�
ern and central Europe (for example, see Reyman�
owna, 1962), but also occurs in the Permian of the
Russian Platform and Cis�Urals (Zalessky, 1927;
Naugolnykh, 2007).

Unlike the wood from Tikhie Gory, the older Euro�
pean and the coeval North American woods (Wilson,
1963) possess as a rule wider tracheids with mostly bis�
eriate (and occasionally triseriate) pitting.

Superficially similar fragments of mineralized
wood have been illustrated and briefly characterized
from the Blaine formation (Pease River Group), dated
by the Kungurian or Ufimian (DiMichele et al., 2004).
Yet, unlike in our specimen from Tikhie Gory, tracheid
pits in the wood from the Blaine Formation are diago�
nally asymmetrical, elliptical. Similar wood with diag�
onally asymmetrical pits has also been illustrated from
cupriferous sandstones of the Cis�Urals (Naugolnykh,
2002: pl. 10, figs. 1, 3).
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Fig. 2. A drawing showing relative positions of the tunnels and shafts (left) and a photograph of the examined wood fragment,
GIN no. 4856/242, taken in oblique light (right). Key: (1) longitudinal section of the fragment, (2) cavities within the wood,
(3) tunnels, (4) shafts. Scale bar 1 cm.

The mineralized wood, apparently of a conifero�
phyte, described from the Lower Permian of Morocco
and identified as Scleromedulloxylon cf. aveyronense
Doubinger et Marguerier (Aassoumi et al., 1995) is
similar to the specimen from Tikhie Gory in several
aspects, such as the presence of wood rays comprising
2–19 vertical layers of cells in the same area of the
specimen and both uniseriate and biseriate pitting
occurring in neighboring tracheids. These woods share
numerous characteristics with woods of the formal
genus Walchiopremnon Florin, found associated with

leaf�bearing branches of walchian conifers (Florin,
1940).

The anatomical characteristics of the wood speci�
men examined and its comparison with the most sim�
ilar mineralized fossil woods of the Permian age given
above clearly indicate that it belonged to a conifer (the
order Pinales or Coniferales s.s.) or a closely related
taxon (for example, Cordaitales or Vojnovskyales; due
to its unique morphology the latter order may actually
deserve elevation to the rank of a class, see Naugol�
nykh, 2008). These plants are often treated together as
the informal group of coniferophytes or Coniferae s.l.

E x p l a n a t i o n  o f  P l a t e  1 3

Figs. 1–3. Macromorphology of the fragment of mineralized wood, GIN no. 4856/242, from Tikhie Gory, Kazanian Stage,
Lower Kazanian Substage, Baitugan beds. Scale bar 1 cm.
Figs. 4–6. Microstructure of the fragment of mineralized wood: (4) general view, the wood rays are visible; scale bar, 500 µm;
(5, 6) structure of the tracheids; scale bar 10 µm.
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Figs. 1–7. Microstructure of the fragment of mineralized wood, GIN no. 4856/242, from Tikhie Gory, Kazanian Stage, Lower
Kazanian Substage, Baitugan beds. Scale bar 10 µm. See text for details. 
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(“cone�bearing”), which is widely used in modern
botany and palaeobotany despite its unofficial status
(Aassoumi et al., 1995; Rothwell et al., 1997; Bobrov
et al., 2001; Singh et al., 2003).

It remains not fully clear into which formal genus
the wood specimen from Tikhie Gory has to be placed.
Classification of isolated mineralized woods from the
Paleozoic and Mesozoic has traditionally been very
difficult (see, for example, Kräusel, 1932; Lepekhina,
1972; Philippe and Bamford, 2008) because many
genera that have the priority status had been estab�
lished with violations of the rules of nomenclature and
because the fossil material is by definition incomplete,
i.e., all the characters necessary for precise identifica�
tion can only rarely be observed in one specimen.
Therefore, to avoid nomenclatural difficulties, we
refrain from placing this specimen into any formal
(morphological) genus.

Structure of Feeding Traces

The feeding traces preserved in the examined spec�
imen form a system of tunnels and shafts oriented per�
pendicularly to each other and ornamented with
xenoglyphs inheriting their texture from wood fibers.
Because it is impossible to determine the orientation
of the wood at the time when it was being eaten by the
beetles we use the terms “tunnel” and “shaft” provi�
sionally. The more numerous shafts are oriented along
the wood fibers, their diameter is 2.8 mm. The shafts
are interconnected by short bridges, referred to as tun�
nels, of the same shape and diameter. The maximum
length of the shafts observed in this specimen equals
the length of the specimen itself, 73 mm. Apparently,
the actual shafts were longer. The length of the tunnels
does not exceed 5 mm.

DISCUSSION

Records of traces of insect feeding, including that
by beetles, in fossil wood are extremely rare (Laban�
deira, 2002). Because only a single such instance has
been reported so far from the Permian, the traces
found in fossil woods from Antarctica (Weaver et al.,
1997), the new record is of considerable interest. Sim�
ilar records from the Mesozoic are also few. The feed�
ing traces in the Mesozoic woods are traditionally
attributed to beetles from the family Cupedidae, the
most common and widespread family of the Mesozoic
wood�inhabiting beetles. Cupedids are known from
the Anisian and are still surviving as relicts in the
Recent fauna. During the Mid�Permian the larvae of
two beetle families could possibly feed inside wood and
leave traces of the size we observed: Permocupedidae
and Tshekardocoleidae. The latter family is mostly
Early Permian, with only a single record from the
Kazanian (Ponomarenko, 2000). Therefore, the traces
most likely belonged to larvae of Permocupedidae, a
family very closely related and apparently ancestral to

Cupedidae. Permocupedidae are represented in the
Baitugan beds by relatively numerous (given the over�
all extreme scarcity of beetle records from that time)
beetles from the genus Permocupes (see Fig. 3 for a
reconstruction). Inevitably, it cannot be completely
ruled out that the tunnels and shafts have been made
not by beetle larvae but by some other wood�boring
organisms.
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