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Abstract

The fossil record reveals palacoecological interactions
between plants and insects. This study describes a singular
conifer xylite specimen from the Baltic amber-bearing
deposits, with preserved resin ducts and cylindrical insect
borings designated as Bivium ichnogen. nov. with Bivium
diluviandi ichnosp. nov. The borings, characterized by
longitudinal tunnels connected by cross tunnels and chambers,
were likely created by xylophagous beetles belonging to the
family Curculionidae (subfamily Scolytinae). The associated
resin production reflects an adaptive plant response to insect
and fungal activity, evidenced by fungal hyphae preserved
within the specimen. This work contributes to the knowledge
of Baltic amber stratigraphy, and the formation of resin-
bearing deposits, and shows, that the wood-boring insects
may have been a cause, among others, of resin exudation.

Keywords: Baltic amber, fossil resins, succinite, Talpinidae,
taphonomy, xylite

Introduction

Resins are secondary metabolites of plants, complex
mixtures, which include volatile and non-volatile
terpenoid and/or phenolic compounds, which could be
preserved in form of fossilized resin, so-called ambers
and/or copals, or resinites—macerals in lignite (brown
coal) that predominantly originate from resinous and waxy
components of the original plant material (Langenheim,
2003; Florjan & Worobiec, 2016; Murthy, 2022). These
plant exudates play a significant role in enabling plants
to adapt to their environments, particularly by mediating
bio-interactions and protecting plants from herbivores,
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insects, and pathogens. They are synthesized by epithelial
cells surrounding intercellular spaces, called ducts, where
they are stored under pressure. Despite the structural
and distributional differences between resin ducts in
gymnosperms and angiosperms, as well as the mechanisms
of resin loading, there are similarities in the importance of
the role of resin in plant defense in both groups of plants
(Langenheim, 2003; Cabrita, 2021; Camara et al., 2024).

The resins serve a number of functions in plant
defense against fungi, viruses, bacteria and feeding
herbivores. Additionally, they provide an optimal medium
for the preservation of past biota in the form of inclusions
following fossilization. Among the most extensively
studied fossil resins known in the world, commonly
referred to as ambers (Penney, 2010; Kosmowska-
Ceranowicz, 2017), a significant group are those derived
from conifer resins and their inclusions, particularly
in the Eocene of Europe. These fossil resins frequently
contain inclusions of organisms associated with the
resin-producing tree (Penney, 2010; Soldérzano Kraemer
et al., 2018). However, in the majority of cases, the tree
remains are not preserved in any other manner than as
resin inclusions and tissue fragments (Fergusson, 2005;
Florjan & Worobiec, 2016). Consequently, amber studies
are incomplete, as the fossil record of conifers provides
insights into palacoecosystems, plant-insect interactions,
and plant defense mechanisms.

Conifer resin is produced, stored and translocated
within specialized secretory structures, which range
from single cells or blisters to interconnected resin ducts
(Franceschi et al., 2005; Vazquez-Gonzalez et al., 2020;
Nagy et al., 2022). It is thought that these structures rarely
contain biological inclusions other than fragments of
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plant tissue, given that the resin was not secreted outside
the plant stem and was not in contact with the external
environment. Therefore, such ambers are not a primary
focus of paleontological studies.

The fossilized wood of conifer trees with preserved
resin is known as far back as the Triassic period (Seyfullah
et al., 2018). However, studies conducted on fossil wood
remains (xylites, lignites, or peat deposits) rarely refer
to any resinous components other than resinites. This
paper presents a distinctive specimen of a coniferous tree
branch-like stem—xylite, defined as a type of fossilized
plant remains, comprising stems, roots, trunks and other
such elements, which are considered to represent an
early stage of the process of lignification (Sudrez-Ruiz
& Crelling, 2008; Florjan & Worobiec, 2016) with well-
preserved resin canals and insect traces from the amber
deposits of the Baltic region. The wood specimen also
exhibits traces of activity, which have been designated a
new ichnogenus and ichnospecies of cylindrical borings.
These traces may have been correlated with intense resin
production in the specimen. Additionally, we discuss the
potential significance of this finding in the context of the
broader Baltic amber deposits and their formation.

Age and relations to Baltic amber deposits formations
The work presents a case study of a unique fossilized
wood specimen, which has been preserved with fossil
resin in an intact state. This is a rare occurrence within
the Baltic amber material. The specimen was derived
from raw Baltic amber material extracted from marine
Quaternary sand deposits, which constituted the majority
of the material utilized in our studies. In this instance, the
detailed sedimentology and the age of the material are not
ascertainable. The resin is classified as succinite (fossil
resin characterized by its high content of succinic acid,
typically ranging between 3% and 8% by weight; see
Vavra, 2009; Wagner-Wysiecka, 2023), and is referred
to as ‘Baltic amber’ based on the presence of ‘Baltic
amber shoulder’ in FT-IR spectra (Stout et al., 1995;
Kosmowska-Ceranowicz, 2015).

The age of the succinite, which is typically referred
to as exclusively Eocene, remains a topic of ongoing
geological inquiry (Aleksandrova & Zaporozhets, 2008;
Perkovsky & Makarkin, 2020; Kuzmina et al., 2023;
Kuzmina & lakovleva, 2023; Drohojowska et al., 2024).
The sedimentology of Baltic amber deposits is primarily
based on studies of the strata in Konigsberg/Kaliningrad,
where amber is most abundant in a geological stratum
known as the ‘Blaue Erde’, ‘Blue earth’ or ‘Blue ground’.
The term ‘Blue earth’ is used historically to refer to
the middle bed of the Prussian Formation. However, it
should be noted that Baltic amber is not solely sourced
from this area. The fossil resins are present both above
and below the strata (Kharin & Eroshenko, 2017). The

Polish section of the amber-bearing deposits (Pomeranian
Formation) has been investigated through the analysis
of drill samples, which have revealed similarities to the
Prussian Formation (Piwocki et al., 1996; Piwocki &
Olszewska, 1996). This has led to the conclusion that
there is a correlation between the Polish deposits and
those in Kaliningrad (Piwocki et al., 1985; Kosmowska-
Ceranowicz, 2008).

Material and methods

A single piece of fossilized conifer stem (xylite) with
fossil resin preserved in resin ducts from the Collection of
the Museum of Amber Inclusions, University of Gdansk,
stored under the catalogue number MAIG 6826. The
specimen measures 5.8 cm in length and 2.8 cm in width
at its greatest diameter and was obtained from an amber
mining company operating in the Gulf of Gdansk, in the
area close to the Port of Gdansk. The specimen was cut
from one side at approximately 5 mm in length, slightly
ground, and polished in order to reveal the intricate details
of wood anatomy and resin flows.

Observations were conducted in the Laboratory
of Evolutionary Entomology and Museum of Amber
Inclusions University of Gdansk using a Leica M205A
stereoscopic microscope, equipped with a Leica DFC 495
digital camera, operated under the control of the Leica
Application Suite 3.7 application for microphotography.
Macro and micro photographic documentation was
generated using the same Leica microscope and a Canon
EOS 90D DSLR (Digital Single Lens Reflex) camera. For
UV photography, 350 nm light was employed. Fourier
Transform Infrared (FT-IR) spectra were obtained in the
Amber Experts company laboratory, Gdansk with Thermo
Scientific Nicolet 380 FT-IR Spectrometer, with ATR and
baseline correction, for the reasons and according to the
procedure proposed by Szwedo & Stroinski (2017). The
received spectrum was compared with data provided in
Kosmowska-Ceranowicz (2015).

The electronic edition of this article conforms to
the requirements of the amended International Code of
Zoological Nomenclature (ICZN, 1999), and hence the
new names contained herein are available under that Code
from the electronic edition of this article. This published
work and the nomenclatural acts it contains have been
registered in ZooBank, the online registration system for
the ICZN. The ZooBank LSIDs (Life Science Identifiers)
can be resolved and the associated information viewed
through any standard web browser by appending the
LSID to the prefix “http://zoobank.org/”. The LSID for
the publication is: urn:lsid:zoobank.org:pub:63A0962E-
32F9-4377-9B9B-56E37C595CFO0.

148 « Palaeoentomology 008 (2) © 2025 Magnolia Press

BOJARSKI ET AL.



01267
04201

014

2920

01104

0,105

2865

01007

0,095

2847

0 uan—f
[J uas—f
) uxn-f
[J n7s-f
n‘nm-i
o nss—E

0,060 1

DO >SVW TS0 0T >

[J uss-f
[} nsn-f
oot

00355

0020

0018 A Ay

4000 3800 3600 3400 3200 3000 2800 2600 2400

1696
1444

2 )

Wavenumbers (cm™)

FIGURE 1. FT-IR spectrum of the resin from resin canals of the specimen.

Results

Xylite specimen as a substrate

The conifer stem specimen displays a preserved structure
of wood tissues, with tracheids, parenchyma cells, and
resin ducts. Additionally, it exhibits structures that have
been damaged by the activity of fungi and insects, as
well as open spaces (sockets) that have been filled
with resin. FT-IR spectrum (Fig. 1) of the fossil resin
exhibits a ‘Baltic amber shoulder’, which is an indicator
of succinite (Kosmowska-Ceranowicz, 2015). On the
edges of the specimen, longitudinal original resin flows
are observed, with one reaching almost the full length
of the preserved section of stem. In the cross-section,
the flows are connected by the space between the tissues
originally filled with resin, both at the top of the specimen
and the bottom, which is not cut. This system of canals is
recognized as an insect-originated trace fossil, assigned to
the new ichnogenus and ichnospecies.

Ichnotaxonomy

Ichnofamily Talpinidae Wisshak, Knaust & Bertling,
2019

Type ichnogenus. Talpina Hagenow, 1840; by original
designation.

Diagnostic characters. Branched cylindrical borings
that may anastomose (Wisshak et al., 2019).

Ichnogenus Bivium ichnogen. nov.
LSID: urn:lsid:zoobank.org:act: FCDA1D5A-A9D3-4B80-
8F6E-37F43FFB2E30

Type ichnospecies. Bivium diluviandi ichnosp. nov.; by
present designation (Fig. 2A—E).

Ethological category. Domichnia (dwelling traces)
or agrichnia (farming traces).

Etymology. Name derived from Latin noun
‘bivium’—*a place with two ways’, ‘fork in the road’,
‘crossroad’ and refers to the shape of the tunnels. Gender:
neuter.

Diagnosis. The tunnels are longitudinal, parallel to
the xylic substrate, round and straight, without lining.
They have a single, short entrance perpendicular to
the main tunnel axis. The branching is slightly curved
and parallel to the main tunnel. The main tunnels are
interconnected by curved cross tunnels, which may take
the form of chambers. In those tunnels single, elongated
coprolites are present (Fig. 2F).

Remarks. The known morphotypes of the Talpinidae
ichnofamily can be distinguished from the described
new ichnotaxon by the following characters. In the case
of the boring substrate being calcareous, the following
ichnogenera were described: Cunctichnus Firsich, Palmer
& Goodyear, 1994; Talpina von Hagenow, 1840; and
Lapispecus Voigt, 1970. In the case of xylic substrates, the
new ichnogenus Bivium ichnogen. nov. differs in terms of
both shape and content from the following ichnogenera:
Cycalichnus Genise, 1995, is characterized by a constant
width of the tunnel length (3 mm), short tangential (cross)
tunnels that do not intersect with the main tunnels, and
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the occurrence of hexagonal fecal pellets in Cycalichnus
in contrast to oval coprolites in the proposed ichnogenus.
Ipites Wisshak, Knaust & Bertling, 2019, lacks cross
tunnels or chambers (Karpinski, 1962). Furthermore, it is
defined by the occurrence of short radiating tunnels. In
comparison, Paleoscolytus Walker, 1938 differs in terms
of tunnel orientation and width (10 mm), which is at least
twice as wide as the new genus. Additionally, Xylonichnus
Genise, 1995 differs in terms of tunnel shape (flattened)
and the absence of fungal activity (Walker, 1938; Philippe
et al., 2005, 2022; Donovan et al., 2015; Buatois et al.,
2017; Wisshak et al., 2019).

Bivium diluviandi ichnosp. nov.

LSID: urn:Isid:zoobank.org:act: OECCF9B3-AD78-45BE-
8B58-3A08454A281E

(Fig. 2A-E)

Holotype. Specimen MAIG 6826, deposited in the
Museum of Amber Inclusions, University of Gdansk,
Gdansk, Poland.

Etymology. Ichnospecific epithet is derived from
Latin verb ‘diluvid’ meaning ‘to inundate’, ‘deluge’ which
reflects the borings filled up with fossil resin.

Diagnosis. Macroboring, 2.1-5.0 mm wide. The main
tunnel is 5.0-5.5 cm long, slightly wider than the parallel
branching tunnel. Main and branching tunnels posteriorly
conjoining to form forking ending points. Opening tunnels
4.5-7.0 mm long. Interconnected tunnels form chambers
with cylindrical areas (pouches) located in the wall of the
chamber. Additional tunnels in various forms branching
from wider, conjuring tunnels or chambers.

Remarks. The tunnels are filled up with fossilized
resin (succinite) and preserved on the edges of the
conifer wood specimen, resembling modern galleries of
Scolytinae formed under the bark of a stems and young
trees (Ranger et al., 2016; Greppi ef al., 2021). Opening
of boring marked with a round drop of fossilized resin
(Fig. 2E) formed when the tree produced resin that was
pushed out of the tunnel. The chamber filled up with
resin shows fungal hyphae covering chamber walls (Fig.
2@G), which the authors do not interpret as an outer layer.
Wooden areas tangent to borings are damaged by fungal
activity (Fig. 2G, H).

Discussion

Tracemaker and the boring

The newly proposed ichnogenus, Bivium ichnogen. nov.,
exhibits similarities to the Paleoscolytus morphotypes.
It is characterized by the formation of tunnels beneath
conifer bark, which bears resemblance to the activity

of modern members of the Curculionidae beetles of the
subfamily Scolytinae (Walker, 1938; Labandeira, 2001;
Dominik & Starzyk, 2004, 2010). Scolytine weevils
(bark and ambrosia beetles) have a unique ecological
significance in forest ecosystems, and intrinsically
interesting biology (Cognato & Grimaldi, 2009; Hulcr
et al., 2015; Kirkendall et al., 2015) Fossilized galleries
of scolytines have been reported in Late Mesozoic
wood (Cognato & Grimaldi, 2009; Legalov, 2024).
The morphology of both Bivium ichnogen. nov. and
Paleoscolytus galleries is similar, yet differs in detailed
morphology, which leads to the conclusion that the
borings were left by different representatives of the
Curculionidae beetles subfamilies. The presence of fungal
activity is indicated by the preservation of mycelium on
the edges of resin sockets (Fig. 2G) and the occurrence
of fungal damage tissue in the form of structures that
resemble a modern brown rot pocket (Fig. 2H). This
differs from the occurrence of coprolites, fecal pellets,
or other feeding traces (Eriksson et al., 1990; Tanner &
Lucas, 2013; Feng et al., 2019, 2021; Biswas et al., 2020;
Nagy et al., 2022). Isolated coprolites found in tunnels
represent an ichnotaxon, designated as Coprulus Mayer,
1952. Further investigations of the cellular structure and
damage to the tissue have yet to be conducted. Conversely,
if these structures are regarded as feeding traces, this
would indicate the coexistence of another borer. The
presence of single coprolites in the tunnels is unlikely to
occur in such a small plant stem, although this cannot be
fully ruled out. The presence of a gallery in the stem with
high fungal activity indicates the potential involvement of
an ambrosia beetle borer, a common inclusion observed in
fossil resins (Nagy et al., 2000; Labandeira, 2014; Peris
etal., 2021).

Specimen preservation and taphonomy

The growth rings in the specimen are indistinct
and irregular, likely resulting from the influence of
environmental factors and the angle at which the specimen
grew out from the trunk. The occurrence and arrangement
of the resin canal (high abundance in the observed tissues
and within annual rings) resembles those often referred
to as traumatic resin canals (Fig. 2H). These canals are
interpreted as a plant response to damage caused by
insects or fungal activity, among others (Franceschi et al.,
2005; Nagy et al., 2000; Werker & Fahn, 1969; Xu et al.,
2018), which corroborate the presented interpretation of
the described traces as an insect gallery.

The specimen’s preparation revealed a cellular-
level anatomy consistent with that of xylites, yet it was
preserved in an unusual manner, namely by filling it with
fossilized resin (succinite). The resinous body fossils
found in fossil conifers were previously regarded as
resinites (Widera, 2015; Bechtel ef al., 2020; Simoneit et

150 « Palaeoentomology 008 (2) © 2025 Magnolia Press

BOJARSKI ET AL.



FIGURE 2. Bivium diluviandi ichnogen. et ichnosp. nov., holotype MAIG 6826. A, Reconstruction of the boring.
B, Morphology of borings in UV light. C, Lateral view of borings before exposing the top surface. D, Lateral view
of the borings in UV after cutting the top, cut marked with a white dotted line. E, Exposed top of the specimen after
preparation and a map of preserved structures: yellow zone—borings and wood blisters filled up with resin; brown
zone—an area with damaged wood resembles wood-decaying fungal activity; red dashed line—openings and part
of the tunnels of borings visible in the view; white dotted line—surface of the cut; arrows—opening marked by
a round drop of fossilized resin. F, One of the coprolites preserved in tunnels. G, Wall of the chamber with damaged
wood and hyphae. H, Resin ducts (round structures in wood tissue) close to one of the tunnels and fungal hyphae.
ap: aperture; bt: branching tunnel; ch: chambers; ct: cross tunnel; fr: forking ending; hp: fungal hyphae; mt: main tunnel; op:
opening tunnel; pch: pouch. Scale bars: B-E = 1cm, F = 500 pm, G = 200 pm, H= Imm.
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FIGURE 3. Proposed reconstruction of the specimen and wetlands it could originated from.

al., 2021; Philippe et al., 2022). This type of fossil resin
permineralization or impregnation, in conjunction with the
evidence of rapid burial in semi-aquatic or wet terrestrial
environments, is indicated by the absence of any signs
of long waterlogging and its lithology. Additionally, the
presence of resin within pore spaces and surface cracking
indicates a pathological state and extensive damage to
the living tissue, rather than the typical permineralization
that occurs following burial. In such cases, spaces should
be filled with minerals (such as silica for example) from
groundwater. The absence of sediment from the mining
site precludes the possibility of determining whether
the specimen was deposited in situ or not. However, the
evidence suggests that it was not deposited in situ and
therefore has to be considered as allochthonous rather
than parautochthonous or semiautochthonous, even
though it may have been reworked in the sediment rather

than transported over a significant distance. In conclusion,
the absence of phosphatised plant tissue and the absence
of evidence of high-level abrasion or bioerosion (e.g.,
molluscan borings) indicate that the piece of conifer was
deposited in a terrestrial, humid environment forming
lignite sediment, rather than being exposed to the marine
environment before fossilization (Fig. 3) (Buurman, 1972;
Fengel, 1991; Philippe et al., 2005, 2022; Bjordal, 2012;
Mustoe, 2017; McLoughlin, 2020).

Conifer xylites can be present in the deposits, which
are typically referred to as plant remains, brown coal, and
lignite. These are related to the majority of the fossil resin
assemblages from the region (Florjan & Worobiec, 2016).
It can therefore be surmised that the specimen in question
could be extracted from a lignite-bearing xenolith within
the Quaternary deposits that are present in the sediments
ofthe Baltic Sea coast. These deposits have been altered or
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moved by a number of factors, including the Pleistocene
ice sheet, storm surges and tsunamis (Olszak et al., 2011;
Widera, 2016; Piotrowski et al., 2017).

Conclusions

The new ichnogenus and ichnospecies, Bivium diluviandi
ichnogen. et ichnosp. nov., a trace of the behavior of wood-
boring insects within a conifer xylite specimen, offers
new opportunities to study the so-called “amber forest”.
This work shows that the occurrence of such borings, and
resin-filled structures, most likely represents an adaptive
response of resin-producing trees to xylophagous insects
in the Eocene. The presence of fungal hyphae within the
resin-filled borings reveals a complex interaction between
plants, insects, and fungi in those palacoecosystems
preserved by fossil resin.

This study not only contributes to the ichnotaxonomic
studies of trace fossils within xylitic substrates but also
provides data of intense resin production correlated with
insect activity. This case study may suggest that the role of
wood-boring insects in amber formation is significant to
consider. It also emphasizes the lignite-bearing deposits,
especially xylites as sources of fossil resins data.

Future research could benefit from the integration
of taphonomical, palynological, and geochemical data.
This approach could improve understanding of the
stratigraphic correlations between amber-bearing deposits
across the Baltic region, their formation, and the Eocene
palaeoenvironments.
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