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Early Miocene coastal taphonomy: piddock and barnacle 
inclusions from Chiapas amber
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Piddocks (Pholadidae) are bivalves adapted for boring in substrates such as wood, rocks, and fossil resins. While the trace 
fossils associated with their boring behavior (Teredolites and Apectoichnus) are well documented, their body fossils are 
much rarer in the fossil record, particularly as amber inclusions. This work reports inclusions of fossilized piddocks and 
the first known barnacle inclusions from the Early Miocene simojovelite (Chiapas amber). We examined seven amber 
specimens containing over 90 piddock inclusions, representing at least five distinct morphotypes. The amber preserved 
various developmental stages, from juveniles with open pedal gaps to fully mature individuals with well-developed ac-
cessory plates. Taphonomic analysis, observed orientations, and the presence of diagenetically altered inclusions suggest 
that these piddocks inhabited waterlogged wood of Hymenaea and possibly semi-hardened resin before entrapment. This 
study highlights fossil resins as an overlooked preservational medium for marine invertebrates, providing new data on 
piddock behavior, fossil resin taphonomy, and the Miocene coastal environments of the Chiapas region.

Key words:  Bivalvia, Martesiinae, Pholadidae, Cirripedia, piddocks, barnacles, ichnofossils, taphonomy, Chiapas 
amber, simojovelite, Miocene.

Błażej Bojarski [blazej.bojarski@ug.edu.pl; ORCID: https://orcid.org/0000-0001-6301-7959 ] and Jacek Szwedo [ja-
cek.szwedo@ug.edu.pl; ORCID: https://orcid.org/0000-0002-2796-9538 ], Laboratory of Evolutionary Entomology and 
Museum of Amber Inclusions, Faculty of Biology, University of Gdańsk, 59 Wita Stwosza St., 80-309 Gdańsk, Poland.
Karolina Cierocka [karolina.cierocka@ug.edu.pl; ORCID: https://orcid.org/0000-0003-2615-4609 ]; Laboratory of 
Parasitology and General Zoology, Faculty of Biology, University of Gdańsk, 59 Wita Stwosza St., 80-309 Gdańsk, 
Poland.

Received 16 August 2024, accepted 1 July 2025, published online 10 September 2025.

Copyright © 2025 B. Bojarski et al. This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (for details please see http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

Introduction
Piddocks, members of the family Pholadidae (Pholadoidea) 
are a widely distributed group of marine bivalves. They are 
known for their boring behaviour, which allows them to 
excavate substrates such as rocks, bones, shells, corals, and 
xylic material (wood, seeds, and fossil resins). Piddocks bore 
primarily for shelter, whereas other representatives of the su-
perfamily, such as the members of the families Teredinidae 
and Xylophagaidae, use xylic materials primarily as a food 
source. These bivalves can attack not only floating or sunken 
wood but also living mangrove (Bartsch and Rehder 1945; 
Turner 1966; Ansell and Nair 1969a, b; Kennedy1974; 
Tapanila et al. 2004; Alyakrinskaya 2005; Monari 2009; 
Borges 2014; Voight 2015; Wisshak et al. 2019). The bur-
rows they leave behind in xylic substrates are preserved as 
ichnofossils and are frequently included into ichnogenera 
Teredolites and Apectoichnus, which are significant for re-
constructing marine paleoenvironments. These ichnofossil 

types have been present in the fossil record since the Jurassic 
(Evans 1999; Donovan 2018; Buntin et al. 2022).

Among the most abundant borings found in fossil resins 
are those attributed to bivalves belonging to the extant ge-
nus Martesia Sowerby, 1824 (Smith and Ross 2016; Kocsis 
et al. 2020; Bolotov et al. 2021; Castañeda-Posadas et al. 
2021). The genus Martesia includes 19 described species, 12 
of which are known exclusively from the fossil record (Maury 
1917; MolluscaBase 2025). These bivalves range in size from 
less than 12 mm to 60 mm (Brearley et al. 2003). Although 
Martesia frequently burrows into wood and other plant ma-
terials, it lacks the ability to digest them (Srinivasan 1960). 
Its burrows serve exclusively as shelter, and excavation is 
completed once the bivalve reaches maturity (Pournou 2020).

Currently, only two species of piddocks, both assigned 
to the subfamily Martesiinae, have been discovered in fos-
silized resins, preserved as inclusions. Martesia mazantica 
Castañeda-Posadas et al., 2021, was described from Early 
Miocene Chiapas amber. Palaeolignopholas kachinensis 
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Bolotov et al., 2021, assigned to a monospecific extinct ge-
nus, was reported from Cenomanian Kachin amber. Palaeo
environmental reconstructions of the taphocoenoses of the 
Chiapas and Kachin ambers suggest that both species in-
habited waterlogged or floating wood in brackish environ-
ments, such as estuaries and mangroves (Bolotov et al. 2021; 
Castañeda-Posadas et al. 2021). Another fossil piddock spec-
imen, also from Chiapas amber, was misidentified as a fos-
sil puffball fungus and described as Lycoperdites tertiarius 
Poinar, 2001 (Poinar 2001; Smith and Ross 2016). The holo-
type specimen shows well-preserved valves with rasping teeth 
at its anterior slope, a callum, and a mesoplax, indicating it is 
a bivalve instead. However, the taxonomic status of L. tertia-
rius needs revision, as the specimen may in fact represent a 
species of Martesia. Additionally, the original work mentions 

immature forms of L. tertiarus which appear to be borings 
Teredolites clavatus Leymerie, 1842. Similar borings were 
likely misinterpreted as entomopathogenic fungi belonging 
to the order Hypocreales Lindau, 1897, described as growing 
on termites in Chiapas amber (Arroyo-Sánchez et al. 2023). 
Likewise, T. clavatus borings were erroneously identified as 
neonates of the snail Cretatortulosa gignens Jochum et al., 
2021, and the earliest known fossilized evidence of vivipary, 
found in Kachin amber (Jochum and Neubauer 2021). The 
borings in question, however, exhibit bioglyphs consistent 
with piddock morphology found in respective fossil resins.

The simojovelite (commonly known as Chiapas amber or 
Mexican amber) deposits are located near the cities of Simo
jovel, Totolapa, and Estrella de Belén in Chiapas, Mexico. 
These amber-bearing beds are intercalated with limestone, 

Fig. 1. Detailed information on the studied simojovelite (Chiapas amber). A, B. Maps of Mexico and the Gulf of Mexico. A. Modern geographic 
placement of Simojovel de Allende (Chiapas, Mexico) and the Montecristo Mine, marked with a red dot (map based on Google Earth Pro 7.3.6.9796). 
B. Paleogeographic reconstruction of the region approximately 20 million years ago (after Blakey 2006). C. Infrared (IR) spectra of simojovelite, based on 
MAIG 6820. The black line represents simojovelite (after Riquelme et al. 2014), while the red line indicates the matching spectrum of the studied amber 
specimen. D. Miocene chronostratigraphy with the age of simojovelite marked by a red dot.
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sandstone, siltstone, marl, shale, and lignite (Riquelme et 
al. 2014, 2025). The mined simojovelite originates from the 
Mazantic Shale Formation, dated to 23–24 million years old 
and Early Miocene (García-Villafuerte et al. 2022; Riquelme 
et al. 2025).

The original resin of simojovelite was produced by an 
extinct species of Hymenaea, a genus of leguminous trees 
(Fabaceae), closely related to extant members of the genus 
(Poinar and Brown 2002; Solórzano-Kraemer 2010; Penney 
2010; Riquelme et al. 2014). Modern species of Hymenaea 
still grow in forests near mangrove environments in Chiapas 
(Solórzano-Kraemer 2010). Extant Martesia and Lignopholas 
inhabit floating wood in shallow, warm, littoral and brackish 
waters, including lagoons, estuaries, and mangroves (Turner 
and Santhakumaran 1989). It is hypothesized that extinct 
Lignopholas, Palaeolignopholas, and Martesia, found as in-
clusions in amber, were likewise associated with estuarine 
and mangrove environments (Smith and Ross 2016; Bolotov 
et al. 2021; Castañeda-Posadas et al. 2021), the type of brack-
ish waters where wood is most abundant (Voight 2015).

In this study, we present new findings supporting this 
hypothesis and describe possible mechanisms of piddock 
entrapment in amber. Additionally, we report extraordinary 
barnacle inclusions, which expand the taphonomic interpre-
tation of the Miocene Chiapas coastal ecosystem.

Institutional abbreviations.—MAIG, Museum of Amber 
Inclusions University of Gdańsk, Poland.

Material and methods
The study focuses on seven pieces of simojovelite from the 
Montecristo amber mine in the Simojovel region (Mexico), 
located near the town of Simojovel de Allende (Fig. 1A–C). 
The fossil resin excavated from this mine originates from 
the Miocene Mazantic Shale Formation (Fig. 1D).

The specimens are housed in the Museum of Amber 

Inclusions University of Gdańsk under the catalogue num-
bers MAIG 6820, 7070–7073, 7189, and 7190.

To enhance specimen visibility, the amber pieces were 
cut, ground, and polished. The preparation process utilized 
the following equipment: a water-cooled HITECH 22-321 
table saw with a diamond plate, water-cooled AVALON 
SW1mini and SW1F grinding machines, and a custom-built 
AVALON polishing machine. Manual finishing and separat-
ing cuts were performed on MAIG 6820 using a razor blade.

The specimens were examined under transmitted and re-
flected light using a Leica M205A stereoscopic microscope, 
equipped with a Leica DFC 495 digital camera and operated 
via Leica Application Suite 3.7 software. Photographic doc-
umentation was obtained using the same Leica microscope 
and Canon EOS 90D DSLR camera. Helicon 8.2.2 software 
was used for focus stacking, while Photoshop 25.7 was em-
ployed for color, texture, and light corrections.

Results
More than 90 fossil piddock inclusions were identified, rep-
resenting five distinct morphotypes. Each specimen is as-
signed to the Pholadidae family based on valve morphology 
and the presence of accessory plates and callum. In this 
work the labels M1–5 are used solely as provisional mor-
photypes, that group together specimens showing the same 
suite of valve characters (outline of the umbonal-ventral sul-
cus, degree of callum development, and presence/shape of 
accessory plates). This allows to describe and compare the 
numerous, often fragmentary inclusions and to trace their 
taphonomic distribution within the studied pieces without 
prematurely assigning formal taxonomic names (Table 1).

MAIG 6820 
Fig. 2A.
Identified taxa: Martesiinae, juvenile of morphotype 1 (M1?) and mor-
photype 2 (M2); Pholadidae (?).

Table 1. Characteristics of fossil piddocks inclusions in studied simojovelite. Abbreviations: a, absent; j, juvenile; m, matured; Mx, morphotype x; 
p, present; u, unknown.

Collection number MAIG 6820 MAIG 7070 MAIG 7072 MAIG 7073 MAIG 7189 MAIG 7190

Assigned taxa Martesiinae Martesiinae Martesiinae Pholadidae: 
Martesiinae? Martesiinae Martesiinae,  

Teredolites clavatus
Number of specimens 2 (3?) 2 10 2 ~70 6

Development stage j (M1);  
m (M2)

m (M4); 
u (M3?) m m? m and j(?) m and j(?)

Orientation same same same same same same
Morphotype M1? and M2 M4 and M3? M1 M5 M3 M3

Additional 
plates

Protoplax a (M1); u (M2) u (M4, M3?) u u a a
Mesoplax a (M1); p (M2) p (M4); u (M3?) p p p p
Metaplax a (M1); u (M2) u (M4, M3?) u u a a
Hypoplax a (M1, M2) u (M4, M3?) a a a a
Siphonoplax u (M1, M2) u (M4, M3?) p a a a

Callum a (M1); u (M2) p (M4); a (M3?) p a p u
Apophysis p (M1, M2) u (M4, M3?) u u u u
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Description.—This amber specimen contains a fully pre-
served juvenile and a damaged mature representative of 
Martesiinae. The juvenile measures 12.7 mm in length, is 
widely gaping, and lacks a callum, fully developed me-
soplax and other accessory plates (Fig. 2A1). The second 
piddock, positioned close to the juvenile, covers its dorsal 
side. This specimen preserves the full length of the posterior 
slope and part of the anterior slope, including the umbonal 
area, but lacks the beak and measures 6.5 mm. It shows 
a partially preserved dorsal extension of the callum and 
partially visible mesoplax and metaplax. Both specimens 
display an umbonal-ventral sulcus (groove), rasping teeth on 
the anterior slope, and apophyses (Fig. 2A2). A third possi-
ble specimen is either a highly compressed young pholadid 

consists of fragments of the juvenile valve, but its preserva-
tion does not allow further identification.
Remarks.—The inclusions are covered by organic debris 
resulting from the bivalve body’s decomposition. Two ad-
ditional puzzling structures are preserved. The first struc-
ture, located above the juvenile specimen, resembles a third, 
strongly compressed pholadid valve with preserved anterior 
and posterior slopes. However, its position suggests it might 
be the displaced periostracum of the juvenile. The second 
structure, partially preserved at the edge of the amber, ap-
pears calcareous, significantly bulkier than the preserved 
valves, and resembles the overlapping plates of the siphono-
plax. The presence of compressed gas bubbles in the resin 
matrix suggests high pressure and potential heating during 
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Fig. 2. General view of amber specimens from Simojovel de Allende, Chiapas, Mexico, Aquitanian showing piddock inclusions. A. MAIG 6820 with 
Martesiinae bivalves morphotypes M1? and M2. A1, ventral view of the larger, juvenile M1? and a partially preserved M2; A2, lateral view, showing orga
nic debris covering the valve of M1 and the inner shell morphology of M2. B. MAIG 7190 with Martesiinae bivalves morphotype M3. B1, general view 
of the beak area, with the boring Teredolites clavatus Leymerie, 1842, marked by an arrow; B2, dorsal-lateral view of a mature piddock.
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fossil diagenesis. Both specimens are oriented in the same 
direction.

MAIG 7190
Fig. 2B.
Identified taxa: Martesiinae, morphotype 3 (M3) and ichnospecies Te-
redolites clavatus Leymerie, 1842.

Description.—This amber specimen preserves six piddocks 
(Fig. 2B1), four of them most likely mature, based on their 
lenght (2.6 mm and 3 mm for the two fully preserved valves). 
Two other specimens considered juveniles as they are 
smaller, approximately 1 mm in length. The anterior slopes 
are slightly damaged due to compression, making it difficult 
to determine the presence of a callum, but its rasping teeth 
are observable (Fig. 2B2). Both adult specimens have a meso-
plax, and the posterior and anterior slopes are separated by a 
single umbonal-ventral sulcus in both individuals.

Remarks.—This amber contains six piddocks and one bor-
ing assigned to ichnotaxon T. clavatus (Fig. 2B1). It is the 
only amber piece in this study that preserves both shells and 
trace fossils of piddocks. All fossils are oriented in the same 
direction.

MAIG 7189
Fig. 3.

Identified taxa: Martesiinae, morphotype 3 (M3).

Description.—The valve morphology closely matches that 
of the inclusions in MAIG 7190, supporting their classifi-
cation as the same morphotype. Yet, the inclusions differs 
with regard to their size—the largest valve reaches a length 
of 5 mm and presence of the callum (Fig. 3A1, A2). The 
degree of callum development varies, ranging from fully 
open pedal gapes specimens to completely closed by callum 
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Fig. 3. General view of amber specimen from Simojovel de Allende, Chiapas, Mexico, Aquitanian showing piddock inclusions. MAIG 7189 with 
Martesiinae bivalves morphotype M3. A1, arrangement of piddock inclusions in the amber specimen; A2, lateral view of the anterior slope and beak of 
mature piddocks; A3, surface of the amber specimen, showing piddock inclusions.
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(Fig. 3A2). The amber contains piddocks at different devel-
opmental stages.
Remarks.—This amber piece contains over 70 individual 
specimens, covering all surfaces of the amber (Fig. 3A1). All 
piddock inclusions are positioned near the surface (Fig. 3A3), 
with none embedded in deeper layers. This high density of 
inclusions hampers measurement and detailed analysis, as 
cutting or grinding would damage the specimens.

MAIG 7070
Fig. 4A.
Identified taxa: Martesiinae, morphotype 4 (M4) and possible morpho-
type 3 (M3?).

Description.—A fully mature Martesiinae inclusion, mea-
suring 22.7 mm in length, is preserved in this amber spec-
imen (Fig. 4A1, A2). It has a broad, rounded mesoplax (Fig. 
4A1) and a fully developed callum (Fig. 4A2, A3). The pos-
terior and anterior slopes are separated by a shallow umbon-

al-ventral sulcus, with rasping teeth on the anterior slope. 
The right valve is intact but covered with decomposition 
debris, while the left valve has collapsed at the posterior 
slope, likely due to compression (Fig. 4A2). The decayed, 
fossilized soft body is preserved inside the shell. A second 
inclusion consists of a partially preserved anterior slope of a 
valve, resembling morphotype M3 (Fig. 4A2).
Remarks.—Debris obscures details of the sculpture, the um-
bonal-ventral sulcus, and the rasping teeth, though some 
areas of the right valve remain visible. This is the largest 
specimen studied, alongside a fully developed callum and a 
mesoplax, confirming its mature status.

MAIG 7072
Fig. 4B.
Identified taxa: Martesiinae, morphotype 1 (M1).

Description.—This amber specimen contains piddock in-
clusions showing a various degrees of damage, with two 
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Fig. 4. General view of amber specimens from Simojovel de Allende, Chiapas, Mexico, Aquitanian showing piddock inclusions. A. MAIG 7070 with 
Martesiinae bivalves morphotype M4 and a partially preserved M3?. A1, dorsal view of M4; A2, ventral view of M4, with the position of M3?; A3, detailed 
ventral view of M4. B. MAIG 7072 with Martesiinae bivalves morphotype M1. B1, arrangement of inclusions within the amber specimen; B2, lateral view 
of a mature piddock; B3, close-up view of the beak area.
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shells entirely collapsed (Fig. 4B1). Two piddocks have at 
least one fully preserved valve, with anterior and posterior 
slopes intact. The distinct umbonal-ventral sulcus is clearly 
visible in one inclusion (Fig. 4B2). All piddocks belong to 
the same morphotype, with a wide, divided mesoplax and 
a callum that does not extend over the beak (Fig. 4B3). At 
least four of the inclusions preserve a siphonoplax (Fig. 4B1). 
This and the presence of a mesoplax and callum indicate full 
maturity. The most complete specimen measures 14.5 mm 
in length (without siphonoplax).
Remarks.—The amber contains ten piddock inclusions, with 
different levels of damage caused by compression. All spec-

imens are oriented in the same direction, with their poste-
rior slopes reaching the amber surface.

MAIG 7073
Fig. 5A.
Identified taxa: Pholadidae: Martesiinae?, morphotype 5 (M5).

Description.—Two inclusions are present in this amber piece 
(Fig. 5A1, A2). One piddock is partially damaged, missing 
approximately the posterior third of the valve (Fig.  5A1). 
The remains of this piddock are preserved in a highly al-
tered state (see remarks). The second valve appears intact, 
with a shell length of 13.5 mm (Fig. 5A2, A3). The umbonal-
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Fig. 5. General view of amber specimens from Simojovel de Allende, Chiapas, Mexico, Aquitanian showing piddock inclusions. A. MAIG 7073 with 
Martesiinae bivalves morphotype M5. A1, arrangement of piddock inclusions. A2, lateral view of the best-preserved valve. A3, beak area, showing displaced 
callum. B. MAIG 7071 with Balanomorpha inclusions. B1, overview of the amber specimen; B2, barnacle carina submerged in sediment; B3, barnacles 
preserved partially in resin and sediment, marked by an arrows; B4, quartz sandstone sediment.
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ventral sulcus is visible, and the partially preserved meso-
plax is the only accessory plate observed (Fig. 5A3). This 
and the missing callum prevents from precise classification. 
By comparison of the pedal gape shape, specimens are con-
sidered to represent the same morphotype.
Remarks.—This bivalve specimen is not preserved in its 
original mineralogy (Fig. 5A1, A2), but shows altered shell 
material. The shell was either recrystallized or dissolved 
and replaced by sedimentary infill (pseudomorphosis). This 
is evident from the clear difference in colour and texture 
between the internal sediment (or fossilized soft body) and 
the material that replaced the shell. Both structures face the 
same direction and reach the surface of the amber.

MAIG 7071
Fig. 5B.
Identified taxa: Balanomorpha.

Description.—This amber piece contains nine inclusions of 
balanomorph cirripedes (Fig. 5B1). Two of the specimens 
show fully preserved carinae (Fig. 5B2), measuring 7.4 mm 
and 6.9 mm in base width or height (the aperture is not visi-
ble, and basal plates are moved so it is difficult to determine 
their arrangement). Seven barnacles are partially preserved. 
All specimens lack scuta and terga.
Remarks.—The studied amber specimen is unique, fea-
turing an in situ resin-sediment boundary. This boundary 
lacks any features of weathering, and some of the fossils 
are preserved within partly the resin and the surrounding 
sandstone (Fig. 5B3). The resin flow likely covered the orig-
inal sandy substrate, trapping balanomorph plates that were 
lying on the surface. Notably, each observed barnacle inclu-
sion has its aperture submerged in the sediment, suggest-
ing that the organisms were already dead when they were 
encapsulated in the resin. The shells are partially infilled 
with sediment (Fig. 5B2), further supporting the interpre-
tation that the barnacles were embedded post-mortem. The 
sediment surrounding the amber is composed of micaceous 
quartz sandstone with shell fragments (Fig. 5B4), including 
a single tergum or scutum.

Discussion
Growth-stage assessment.—An underdeveloped callum, a 
wide posterior gape that is partially covered by a chitinous 
hood, or underdeveloped mesoplax indicate that a specimen 
is a juvenile Martesiinae in the “working stage”, a phase 
during which young piddocks actively drill into wood. In 
contrast, mature piddocks enter the “resting stage”, where 
they inhabit a chamber at the end of their boring, develop-
ing a callum and accessory plates. Only, the mesoplax is an 
obligatory accessory plate that is present from the juvenile 
stage onward (Lloyd 1897; Turner 1955; Kennedy 1974). 
The studied specimens are therefore mature or maturing, as 
indicated by the presence of a mesoplax, a partially or fully 

developed callum, and, in some cases, a siphonoplax and 
other accessory plates.

Most of the amber specimens examined contain at least 
one piddock with juvenile characters and one specimen with 
adult characteristics of the Martesiinae, with the exception 
of MAIG 7070 and 7073, where preservation was too poor 
for reliable interpretation. In specimens where multiple in-
dividuals of the same morphotype co-occur, differences 
in callum development, size, and shape are observed. The 
callum, when preserved, appears to grow from the anterior 
margin of the shell toward the center of the pedal gape, 
eventually closing it—a pattern seen in MAIG 7189, which 
contains both juveniles and mature specimens.

The estimated growth rate for species of Martesia is 
approximately 0.383 mm/day (Turner 1954; Smith and Ross 
2016), with a minimum rate of 0.19 mm/day during the first 
30 days after larval settlement (Mann and Gallager 1984). 
This rate is sufficient for the smallest species to develop 
a callum, marking their transition from the working to the 
resting stage (Turner 1954). Based on these growth rates, 
the estimated ages (since metamorphosis) at the time of 
entrapment in fossil resin are: 2–5 and 2–4 weeks, for mor-
photypes M2 and M3, respectively; 5–11 weeks old for mor-
photypes M1 and M5; and 8–17 weeks for morphotype M4. 
These findings suggest that morphotypes M1, M4, and M5 
may have had higher growth rates than modern representa-
tives of Martesia. These morphotypes could have developed 
on a floating log of wood, given that waterlogged wood can 
remain afloat for approximately 6 to 17 months (Voight 
2015). However, this scenario is unlikely, as the amber spec-
imens were preserved within the same taphocoenosis, sug-
gesting that the wooden material likely originated from the 
same sedimentary source (Kennedy 1974).

Taphonomy.—Evidence from studied simojovelite shows 
pholadid inclusions preserved inside fossil resin pieces that 
are essentially free of terrestrial syninclusions, consistent 
with resin that originated in internal tree cavities rather than 
as external flows (Bojarski et al. 2025). Unlike tree exu-
dates running down a trunk, resin sequestered inside wood 
forms isolated pockets that remained relatively inaccessi-
ble to typical forest-floor organisms but became available 
to aquatic wood-borers once the wood was moved to the 
water body. Taphonomic patterns in various fossil resins 
support this scenario. For example, Kachin amber contains 
abundant club-shaped borings and numerous piddock shells 
“floating” in the resin, indicating that these bivalves colo-
nized semi-liquid resin and were trapped alive (Smith and 
Ross 2016; Bolotov et al. 2021). In contrast, ambers where 
resin had fully hardened prior to colonization (e.g., some 
Eocene Baltic amber) preserve only the borings and not 
the borers (Maksoud et al. 2017; Mayoral et al. 2020). This 
reflects that semi-liquid resin was required to trap the borer 
and once solidified, the resin would only record its excava-
tion, not the organism. The dominance of pholadids in fossil 
resins as inclusions alongside the absence of xylophagous 
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teredinid “shipworms” or limnoriid gribble isopods may 
reflect ecological and preservational factors.

The studied piddock inclusions are considered wood 
borers. However, alternatively their substrate may have in-
cluded drifting pieces of semi-hardened Hymenaea resin. 
This scenario is particularly supported by the distribution 
pattern observed in MAIG 7189, where piddocks are present 
on all surfaces of the specimen, suggesting that the larvae 
had access to the entire piece of resin. This would indicate 
the resin was solid enough to serve as a substrate for the 
piddocks while still sufficiently viscous to encapsulate the 
bivalves without preserving excavation traces (bioglyphs). 
In nearly all studied amber specimens, except MAIG 7189 
and 7190, the presence of gas bubbles in the resin matrix 
suggests that the resin underwent compression. Most of the 
bubbles are squashed, elongated, and curved, with some 
forming worm-like structures rather than having collapsed 
completely. This form of liquid inclusion preservation likely 
resulted from diagenetic pressure applied to the semi-fos-
silized resin while the matrix was still semi-liquid. These 
diagenetic changes may be linked to volcanic activity asso-
ciated with the Mazantic Shale Formation, which is particu-
larly evident in the Totolapa area, where volcanic tuffs and 
sandstones have been observed above the amber-bearing 
beds, indicating that the volcanic activity coincided with or 
followed the deposition of the Mazantic Shale Fm. (Breton 
et al. 2014; Riquelme et al. 2025). The pressure and/or ther-
mal alteration of the resin may have significantly influenced 
the preservation state of the inclusions.

The piddocks preserved in amber are all oriented in the 
same direction, with their posterior ends directed towards 
the amber surface and the anterior end of the shell facing in-
ward. This uniform arrangement, along with the aforemen-
tioned taphonomic observations, suggests that the piddocks 
were trapped as a direct result of their excavation activity, 
rather than being entrapped post-mortem by resin secreted 
from a plant stem or immobilized in a semi-liquid resinous 
pebble, as observed in the case of the barnacle inclusions 
(Kennedy 1974). This scenario is consistent with a brackish-
water environment, given that entrapment of aquatic organ-
isms in resin has been documented from modern paralic 
swamps (Schmidt and Dilcher 2007).

The observed abundance of mature piddocks in amber 
may be linked to xylic substrate degradation. Martesiinae 
are incapable of relocating once they begin excavating a 
piece of wood. However, upon exposure of their burrow 
to external conditions, they are known to resume drilling 
to cover themselves (Turner 1955; Ansell and Nair 1969b; 
Nishimoto et al. 2015; Buntin et al. 2022; Pournou 2020). 
In a waterlogged Hymenaea logs this exposure would have 
followed successive colonisation by other wood-borers 
such as additional piddocks, teredinid shipworms, gribbles, 
and pill-bugs that progressively removed the outer layers. 
Bioerosion, alongside mechanical abrasion, would erase the 
shallow traces of the latest pholads, which occupied the 
wood surface but never reached the inner resin pockets.

The presence of wood-boring pholadids as inclusions 
raises the question how they were entrapped. Given that 
these bivalves inhabited brackish waters, the resin-produc-
ing tree or its remains had to be present nearby to allow the 
larvae to develop on a Hymenaea-derived resin substrate. 
The resin producing tree must have grown in proximity to 
such an environment to ensure that its resin retained the 
ability to trap aquatic organisms in waterlogged stems. The 
tree could have reached this area via rivers, encountering 
piddocks in a river estuary.

Plant remains may also have been accessible to boring 
organisms in the open sea, but only if the wood was not wa-
terlogged for an extended period before the resin stabilized 
(Nishimoto et al. 2015; Buntin et al. 2022). Long-drifting or 
sunken wood with hardened resin would have lost its ability 
to preserve these organisms as inclusions, as the piddocks 
would have continued to bore through the resin, leaving be-
hind the same characteristic boring patterns found in other 
xylic substrates.

Both extinct and extant Martesiinae leave conical exca-
vations with a rounded bottom (Kennedy 1974; Kelly and 
Bromley 1984; Kelly 1988), typically formed near the sur-
face of submerged wood. Over time, as the wood degrades, 
these borings become less abundant, while teredinid borers 
progressively dominate, leaving characteristic borings with 
calcitic linings in the substrate (Kelly and Bromley 1984; 
Kelly 1988; Nishimoto et al. 2015; Voight 2015; Buntin et 
al. 2022). The findings presented in this study, along with 
previous reports of T. clavatus in Chiapas amber (Ross et al. 
2016; Mayoral et al. 2020), further support the presence of 
Martesiinae in this paleoenvironment.

The abundance of piddock inclusions in the studied am-
ber, alongside specimens of Martesia mazantica, which 
were earlier reported from the same type of fossil resin, the 
studied barnacle inclusions and the other fossil mollusks 
known from the Mazantic Shale Formation in the same re-
gion (del Carmen Perrilliat et al. 2010), supports the hypoth-
esis of a shallow, warm lagoon and river estuary surrounded 
by mangrove forest.

Conclusions
Simojovelite (Chiapas amber) presents a relatively abun-
dant concentration of wood-boring pholadids (Martesiinae) 
inclusions. The high proportion of mature piddocks in si-
mojovelite most likely reflects progressive degradation of 
the waterlogged wood of Hymenaea. Matured and maturing 
piddocks that bored into this wood reached semi-liquid resin 
pockets and were immobilised there are therefore over-rep-
resented in the studied amber assemblage.

Lithological, palaeontological and taphonomic evidence 
together show that this process took place in a shallow, 
warm, brackish-water lagoon or river-mouth estuary bor-
dered by mangrove forest. The amber-bearing Mazantic 
Shale Formation is interbedded with sandstone, siltstone 
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and lignite, which can preserve fossils such as balanomorph 
barnacles formed across a resin-sand interface, suggesting 
that this amber-bearing bed was not redeposited.

These findings support the palaeoenvironmental model 
for the simojovelite and illustrate how resin, especially in-
ner-wood resin pockets, can capture near-shore aquatic com-
munities. Future work comparing the ratio of borings to body 
fossils across different fossil resins may further clarify their 
fossil record and the taphonomical history they underwent.
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