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ABSTRACT 24 

Amber samples with bivalve borings from six localities around the world, ranging in 25 

age from Hauterivian to Miocene, have been studied. The possible assignment to 26 



 

 

Teredolites or Gastrochaenolites is discussed considering the type of substrate as an 27 

ichnotaxobase. It is proposed to regard amber or similar resins as a variant of xylic 28 

substrates and to maintain the separation between the two ichnogenera and their 29 

different paleoecological implications. The amber borings are assigned to Teredolites 30 

clavatus Leymerie, 1842 and Apectoichnus longissimus (Kelly and Bromley, 1984), 31 

respectively. The presence of bioglyphs in a few borings suggests a mechanical 32 

production process, with pholadid bivalves such as Martesia preserved inside many of 33 

the samples representing the producer. In general, the amber-producing trees mostly 34 

grew along a forested coastline, where they were occasionally flooded by seawater or 35 

even transported from rivers into the sea and later deposited. 36 

Keywords: Borings, Bivalvia, ichnotaxonomy, Cretaceous, Neogene, fossil resin, 37 

substrate. 38 

 39 

1. Introduction 40 

Bivalves are the most common ichnotaxon trace makers in xylic substrates 41 

(Savrda and King, 1993) with multiple examples in the literature (e.g., Leymerie, 1842,  42 

Kelly and Bromley, 1984; Buatois and Mángano, 2011; Donovan, 2018, among others). 43 

Teredolites is described from woody substrates including – according to Kelly and 44 

Bromley (1984) – the following categories: driftwoods, mangrove roots, submerged 45 

forests, nutshells, pilings and ship hulls. For ichnofacies, Bromley et al. (1984) 46 

proposed the term woodground to distinguish wood from other i.e. softground, 47 

firmground and hardground. Later on, Savrda et al. (1993) discriminated two subtypes 48 

as xylic peatgrounds (“relatively laterally persistent composite wood substrates that 49 

correspond to the Teredolites ichnofacies”) and log-grounds (“relatively small, non-50 

composite substrates represented by isolated logs”). 51 



 

 

The material studied herein consists of Teredolites and Apectoichnus recorded in 52 

another, yet closely related type of substrate – amber. Up to now, there are very few 53 

works addressing this phenomenon: Woodward (1880, p. 394) mentioned that Pholas 54 

could bore in amber and referred to the “Highgate resin, in the cabinet of Mr 55 

Bowerbank”, which is a fossil resin from the London Clay (Ypresian, Eocene) in 56 

England, similar to copal. Villamil and Hasiotis (1993) reported minute Teredolites in 57 

late Turonian amber from transgressive deposits of Columbia. They reported the 58 

borings as if made in xylic substrate. Bandel et al. (1997), recognised club-shaped 59 

boreholes in mid-Cretaceous amber from Jordan quite like those excavated by modern 60 

Pholadidae, but they did not name them. Jahnke and Füldner (2004) described a series 61 

of borings in Baltic amber (Eocene in age), which they interpreted as being produced by 62 

insects. However, their morphology and size coincide with those presented in this work 63 

as Teredolites clavatus (especially the specimens from Mexico and Lebanon). Ross et 64 

al. (2010) and Smith and Ross (2017) described pholadid (Martesiinae) borings, 65 

assigned as Teredolites in earliest Cenomanian (Late Cretaceous) Burmese amber. 66 

Maksoud et al. (2017) displayed the existence of amber with shipworm borings, from 67 

Chambouk (North of Lebanon). Such borings occur as well indifferent fossiliferous 68 

amber from different outcrops of other Lebanese localities. Lately, Mao et al. (2018) in 69 

their study of Burmese amber, mentioned pholadids, but did not elaborate in their 70 

systematic details. 71 

 72 

2. Materials and methods 73 

Amber samples from five locations around the world from Hauterivian to Early 74 

Miocene in age are studied here, complemented by the records of Columbian Andes 75 

(Villamil and Hasiotis, 1993) (Table 1). 76 



 

 

The available borings in amber were measured directly on the samples (Spanish 77 

and French amber) or images (Mexican, Mr John DeCosta private collection; Lebanon 78 

and Burmese amber) using the measurement tools in the ImageJ 1.46r software 79 

according to the diagram shown in Figure 1. The French amber (Albian of Archingeay, 80 

Charente-Maritime, SW France, Perrichot, 2004) is represented by two pieces 81 

(MNHN.F. A70078, MNHN.F. A70081) available in the palaeoentomological section 82 

of the Muséum National d’Histoire Naturelle in Paris. They contain 23 and 52 borings, 83 

respectively and were studied under the binocular microscope and in latex casts 84 

prepared in the museum and housed in the Nature Education Centre of the Jagiellonian 85 

University (CEP) – Museum of Geology in Kraków, Poland. 86 

Micro-CT scans of bivalves included in Burmese amber slab Nr. 87 

F2854/BU/CJW housed in Jörg Wunderlich private collection (Hirschberg, Germany) 88 

were performed with a GE Phoenix nanotome X-ray|s tube at 90 kV and 150 µA, 89 

generating 2500 projections with 750 ms per scan and a useful voxel size of 4.6 µm. 90 

The cone beam reconstruction was performed using the GE datos|x 2 reconstruction 91 

software, and the data were visualised in Volume Graphics Studio Max 3.0. High-92 

resolution and high-depth-of-field images of clay fill in some borings observed in 93 

Spanish amber were obtained using SEM EDX Hitachi S-3400 N with a variable 94 

pressure up to 270 Pa with EDX analyzer Röntec XFlash Si(Li). 95 

 96 

3. Ichnotaxonomy 97 

 98 

Ichnofamily: Gastrochaenolitidae Wisshak, Knaust and Bertling, 2019 99 

Ichnogenus: Teredolites Leymerie, 1842 100 

Type ichnospecies: Teredolites clavatus Leymerie, 1842 101 



 

 

Revised diagnosis: Macroborings in xylic substrates and their derivate copal, amber or 102 

similar solid resins, clavate, straight or slightly curved, circular to oval in cross-section, 103 

narrowing from the base of the main chamber to the aperture, either abruptly and 104 

symmetrically, or gradually and less symmetrically (modified from Kelly and Bromley, 105 

1984, Pickerill et al., 2003, and Kříž and Mikuláš, 2006). 106 

Remarks: The diagnosis had to be revised, as amber or similar resins were not included 107 

in the original descriptions as a material derived from and related to a xylic substrate. 108 

This approach is considered more practical than to regard amber as a narrowly defined 109 

particular type of substrate on its own and thus avoids using (and adding) a new term 110 

such as amberground, as proposed and used by Smith and Ross (2017) and Mao et al. 111 

(2018). We argue that Teredolites is justified and essential to be conserved together 112 

with its analogue in lithic substrates, Gastrochaenolites, since we consider principal 113 

substrate types a valid ichnotaxobase at ichnogenus level.  114 

 115 

Teredolites clavatus Leymerie, 1842 116 

Figs. 2A–I, 3A–I, 4A–H, 5A–B, 6 117 

 118 

Revised diagnosis: Teredolites predominantly perpendicular to the fibres in woody 119 

substrates or the resin surface, having a length/width ratio of less than 5. 120 

Material: The Lebanon material (ALTC-01–02, Department of Palaeontology, The 121 

Natural History Museum, London) is a cuboid piece of amber (Fig. 2A) and an isolated 122 

mould of a boring (Fig. 2B) from Kfar Selouan (Central Lebanon), in “Grès de Liban” 123 

(Sandstone of Lebanon; Granier et al., 2015) that appear in primary deposits of the early 124 

Barremian (Maksoud et al., 2017). The piece is 17 x 13 x 9 mm in size, which contains 125 

one specimen. 126 



 

 

The Spanish material is housed at the Palaeontological Museum, University of Zaragoza 127 

(MPZ), samples MPZ 2017/571 to MPZ 2017/726 and at Dinópolis Foundation, 128 

Aragonian Palaeontological Museum (MAP), Teruel, samples MAP-7594 to MAP-129 

7596. All material is represented by three slabs and two small fragments from the San 130 

Just mountain pass, located to 2 km SW from Escucha (Teruel) and belonging to the 131 

Regachuelo Member, Escucha Formation, northern margin of the Aliaga Subbasin, 132 

(Peñalver et al., 2007) early-middle Albian in age. MPZ 2017/571 to MPZ 2017/726 133 

contain 157 specimens distributed in three successive layers of amber that form a cluster 134 

50 x 55 x 35 mm in size (Figs. 2C–F, 3A–D, 4G–H). The inner layer, whose thickness 135 

varies between 8 and 18 mm, holds 73 specimens. The middle layer, with a thickness 136 

between 2 and 9 mm, has 54 specimens, and the outer layer, with a thickness between 4 137 

and 8 mm, contains 34 specimens. MAP-7594 is a piece of amber 80 x 45 x 35 mm in 138 

size that shows 48 borings distributed irregularly along surface (Figs. 2G, 3E–F). MAP-139 

7595; MAP-7596 are two shards of the previous fragment (Fig. 2H–I) with 16 140 

specimens with empty or partially filled borings. 141 

The French amber is from the Albian of Archingeay (Charente-Maritime, SW France, 142 

Perrichot, 2004) and it comprises two pieces of amber containing at least 23 and 52 143 

borings, respectively (Figs. 3G–I, 4D-F).  144 

The main amber-producing area in Myanmar is the Hukawng valley (Hukawng Basin) 145 

in the Kachin region, northern Myanmar (Noetling, 1892; Chhibber, 1934; Cruickshank 146 

and Ko, 2003; Shi et al., 2012), whose most recent dating is from Albian to Cenomanian 147 

(Shi et al., 2012). The samples from this area are constituted by one rounded piece of 148 

amber from 15 x 30 x 26 mm in size, with 131 borings (In.20205. Department of 149 

Palaeontology, The Natural History Museum, London, Fig. 4A), as well as six pieces 150 

(BuB 1511–1549, from the Patrick Müller private collection, Käshofen, Germany), and 151 



 

 

sixteen pieces (F3091/BU/CJW- F3044/BU/CJW, from the Jörg Wunderlich private 152 

collection, Hirschberg, Germany. Table 1), respectively. 153 

The Mexican amber is from the early Miocene Balumtun Sandstone and the late 154 

Oligocene La Quinta Formation coming from the Mr John DeCosta private collection, 155 

London. The exact origin of the sample is unknown, although it has been collected from 156 

the region of Chiapas. It is composed of one rounded piece of amber 21 x 120 x 70 mm 157 

size, which contains 18 specimens (Fig. 4B).  158 

Description: Borings oriented more or less vertically to the surface, with the axis 159 

straight or slightly curved. In the longitudinal view, they have a typical bottle-bag-shape 160 

(Figs. 2B, G, 3E–F, H–I, 4E–F). Both aperture (proximal) and basal (distal) regions are 161 

circular to oval in cross-section (Figs. 1, 3B, G, 4A, C). The development of these 162 

regions can show irregularities due to the proximity and degree of occupation of each 163 

other, without exhibiting intersections. The diameter generally increases gradually to a 164 

maximum in the distal region. This maximum is located 0.25–0.33 mm from the base 165 

(Fig. 4D–F). 166 

The length (L) of the Spanish specimens varies from 2.1 to 6.0 mm, with a mean of 3.6 167 

mm on 221 measurements (Table 2). The width in the proximal region (Wp, Fig. 1) 168 

ranges from 0.4 to 1.9 mm, with a mean of 1.1 mm. The maximum diameter of the 169 

chambers or width distal (Wd) ranges from 0.3 to 2.6 mm, with a mean value of 0.5 170 

mm. Mean L/Wd is 2.4. All borings are open or partially filled by loose, whitish clayey 171 

material. X-ray diffraction analyses indicate the presence of at least three types of 172 

phyllosilicates: pure kaolinite, illite (with very scarce Fe, and fillings that could derive 173 

from biotite. The detected sulfur is a stray signal from the ambient amber. This 174 

composition is different from that observed by Smith and Ross (2017) in the Burmese 175 



 

 

amber. These authors found that the filling of the clavate forms is formed by very fine 176 

to coarse sand, or by spare calcite cement. 177 

Mexican amber has an L from 12.0 to 19.2 mm, with 17.4 mm on average. Wp between 178 

3.0 and 4.2 mm, with 3.3 mm on average. Wd varies from 8.7 to 9.6 mm, with a mean 179 

value of 9.4 mm. Mean L/Wd is 1.9. 180 

Burmese specimens have lengths that vary between 0.8 and 4.2 mm, with a mean of 2.7 181 

mm, Wp is between 0.2 and 1.1 mm, at a mean of 0.6 mm: Wd varies from 0.5 to 2.6 182 

mm, with 1.6 mm in average, the mean L/Wd is 2.7. The Lebanon amber piece has an L 183 

of 8.1 mm, a Wp of 2.5 mm, a Wd of 2.6 to 5.6 mm and a mean L/Wd of 1.9.  184 

Finally, measurements of two latex casts of French amber show a Wd range from 0.9 to 185 

3.5 mm, mean = 2.2. L ranges from 1.8 to 4.0 mm, at a mean of 2.9 mm. Wp could not 186 

be measured. Mean L/Wd is 1.3. 187 

In general, the largest specimens are from Mexico and the Lebanon, the Spanish and 188 

Burmese amber being more similar. However, when the mean length/width distal ratio 189 

is analysed, the Spanish specimens present a higher degree of elongation proportionally. 190 

The surfaces of the borings show striations in the form of a series of very thin ridges 191 

and grooves that are subparallel to each other and perpendicular to the axis of the 192 

chamber (Fig. 4G). Their spacing varies between 300–320 µm and their width varies 193 

between 70–80 µm. In the basal part of the chamber, several specimens show these 194 

striae more distinctly but with similar spacing (Fig. 5A). In the basal region, there often 195 

is an additional series of 15 to 20 ridges, which are oriented perpendicular to the 196 

previous ones, are less distinct and much finer (4–5 µm), and more densely aligned, 197 

with a spacing of only 20–25 µm (Fig. 4H). 198 



 

 

In the Mexican amber, some specimens show a series of closely spaced (100 µm) short 199 

ridges (500 µm in average) in the basal part, forming a very characteristic chevron 200 

pattern (white arrows in Fig. 5B). On the contrary, towards the proximal part, the ridges 201 

of approximately same length show a direction perpendicular to the boring axis and are 202 

more widely spaced (280 µm), discontinuous, and with a broken trajectory (black 203 

arrows in Fig. 5B). 204 

The French amber contains borings that are partly truncated at the present substrate 205 

surface. Their length (L) ranges from 1.0 to 5.8 mm, the minimum width (Wp) from 0.8 206 

to 1.6 mm, and the maximum width (Wd) from 0.9 to 3.6 mm. The surface of the 207 

borings are partly or entirely covered with a thin, white lining, which is also present on 208 

the surface of some amber pieces. Occasionally, some borings contain a white mineralic 209 

substance, which fills most of the chamber. Most chamber surfaces devoid of bioglyphs. 210 

Only rarely, rings can be seen in the proximal and middle part of the chamber. The 211 

chamber tapers gradually from the perimeter, located in the distal region, to the entrance 212 

of the boring. Some chambers touch each other in their widest parts or even slightly 213 

overlap. The boring openings are circular to elliptical. Some of the openings can be 214 

partly fused. 215 

As for the Teredolites of the Columbian amber (Villamil and Hasiotis, 1993), the 216 

characteristics are very similar, although the borings are smaller. The average of the WP 217 

is 0.4 mm, the Wd, is 0.6 mm and the mean L/Wd is: 3:1, but may be as small as 2:1. 218 

This latter ratio is closer to the Spanish specimens, where L mean / Wd is 2.4). The 219 

density of borings is similar in all cases except for the Mexican amber, where the large 220 

size of the borings reduces the density to only 1–2 specimens/cm2. In the Spanish 221 

amber, densities range from 7 to 20 specimens/cm2 (Figs. 2C-E, G, 3B), and the 222 



 

 

Burmese amber (Fig. 4A) shows densities of 6 to 16 specimens/cm2. Lebanese amber 223 

contains only one specimen/cm2, and the French amber varies between 2 and 4 224 

specimens/cm2. For the Columbian case, no exact figures are given, although a piece of 225 

amber was reported to contain about 100 specimens closely packed and evenly spaced. 226 

Remarks: In the Spanish amber, the striations transverse to the axis of the chamber can 227 

be interpreted as xenoglyphs (sensu Bromley et al., 1984). Although the microstructure 228 

of amber is unlike that of wood, i.e. amber is an amorphous substance, which has no 229 

grain or fibre orientation, it is usually arranged in successive layers. For this reason, the 230 

series of observed striae might be regarded as bioglyphs at superficial examination, but 231 

a detailed observation excludes this possibility. 232 

True bioglyphs were observed by Villamil and Hasiotis (1993) in Teredolites from the 233 

Upper Cretaceous amber of the Magdalena Basin, Colombia, and attributed the grooved 234 

texture to the drilling mechanism. Bertling and Hermanns (1996) have reported similar 235 

structures from Rhenish lignites. 236 

Also, Röder (1977), Bandel et al. (1997) and Savazzi (1999) have observed the 237 

mechanical abrasion of the substrates often resulting in visible tool marks on the 238 

surfaces of the boring. More recently, Smith and Ross (2017) mention that traces of the 239 

grinding process are visible on the surface of the borings containing pholadid bivalves 240 

inside the Burmese amber, although they did not consider details of this striation 241 

production process. 242 

On the other hand, the little crests perpendicular to the previous ones in the Spanish 243 

amber (Fig. 4H) pose a greater uncertainty. Their disposition and orientation are not 244 

compatible with a xenomorphic structure. They could probably be related to some 245 

minor ornamental element of the producer's shell, although usually boring bivalves 246 

produce bioglyphs whose lines set some 2 mm apart. 247 



 

 

The probable explanation could perhaps be related to the fact that most pholadid shells 248 

possess commarginal rows of sharp teeth that are arranged in radial series in rock or 249 

hard substrates. According to Savazzi (1999) revolving of the shell produces a set of 250 

ring-shaped furrows, which are gradually excavated by an individual tooth or by a series 251 

of homologous teeth during growth. 252 

In the same way, similar bioglyphs in the uncompressed borings in the Mexican amber 253 

demonstrate scratches and grooves made by the rugose sculpture of the trace-makers’ 254 

valves during boring (Fig. 5B). 255 

The presence of bioglyphs preserved on the inner surface of some of the traces (Fig. 5B) 256 

indicates that the substrate must have been indurated by the moment of trace 257 

production.  258 

Smith and Ross (2017) made a similar observation by a pair of articulated shells 259 

floating in the amber suggesting that the resin was not hard when the bivalves were 260 

boring into it. A possible alternative explanation could be that the resin was liquefied 261 

after the solid phase, e.g. due to a slight increase in temperature, pressure or natural 262 

chemical changes. These small transformations are possible because in some cases 263 

insect fossils inside amber are deformed by heat and because resin polymers can change 264 

by the destruction of the double carbon bind.  265 

Jahnke and Füldner (2004) in the description of the borings in Baltic amber 266 

deduced that the wood resin was already hard at least at time of the decomposition of 267 

the tree. Mao et al. (2018) suggested that ambers may or may not be hardened entirely 268 

when borings were produced, although it is hard to conceive how a mechanical 269 

bioeroder should be able to rasp away ‘liquid’ or ‘plastic’ resin without totally clogging 270 

its ornament. 271 



 

 

For this reason and because the model proposed in this paper offers an explanation for 272 

shells seemingly floating in the resin, we maintain that the amber was a hard substrate at 273 

the time of ichnogenesis. 274 

Ichnofamily: Gastrochaenolitidae Wisshak, Knaust and Bertling, 2019 275 

Ichnogenus: Apectoichnus Donovan, 2018 276 

Type ichnospecies: Apectoichnus longissimus (Kelly and Bromley, 1984) 277 

Revised diagnosis: Elongate borings in xylic substrates and its derivate amber, or other 278 

solid resins, commonly circular in cross-section, curved to contorted and intertwined, 279 

may have a calcareous lining, usually of more or less constant diameter.  280 

 281 

Apectoichnus longissimus (Kelly and Bromley, 1984) 282 

Figs 2I, 5C–E 283 

Revised diagnosis: Apectoichnus predominantly parallel to the grain or fibres in a xylic 284 

substrate, length/width ratio greater than 5. Sinuous to contort.  285 

Material: Only present in the Albian Spanish material. Five specimens, four of them 286 

located in the outer layer of the amber ball (MPZ-723–726) (Figs. 2D, 5C) and one in 287 

the middle layer (MPZ-722). One specimen is incomplete and appears in a fragment of 288 

amber (MPA-7596; Fig. 2I).  289 

Description: The borings are arranged parallel to the substrate surface in their proximal 290 

part and inclined to more vertical course in the distal region (Figs. 2D, 5C–D, 6). 291 

Slightly contorted and straight in longitudinal section, similar to Teredolites clavatus. In 292 

cross-section, the aperture is almost circular, while the basal part is oval to elliptical. 293 

When the degree of occupation is high coexisting with T. clavatus, the two types of 294 

boring may come into contact with each other but never intersect (Figs. 2C, E–F, I, 5C). 295 

The length (L) (Table 1) varies from 2.4 to 9.5 mm, with a mean of 4.9 mm. The width 296 



 

 

in the proximal region (Wp) ranges from 0.4 to 0.7 mm, with a mean of 0.6 mm. This 297 

progressive increase in diameter from apertural to distal zones has already been 298 

observed by Savrda and King (1993). Width distal, (Wd) varies from 0.7 to 1.6 mm, 299 

with a mean value of 1.2 mm. Mean L/Wd is 4.1. All of them are entirely or partially 300 

filled by clayey sediment material of kaolinite type (Fig. 5C–E). Interior of the borings 301 

shows (especially in the distal portion) similar series of ridges and grooves as observed 302 

in T. clavatus, with same size and spacing, giving the borings a slightly ringed 303 

appearance. Savrda and Smith, (1996), noted similar vestiges of weak linings in woody 304 

substrates of Panama City Beach, Florida, and only two specimens show more 305 

pronounced linings, 20–40 µm in thickness, present in both the neck and main chamber 306 

(Fig. 5E).  307 

Remarks: The relationship L/Wd is slightly higher than 5.2 on average, which, as 308 

established by Kelly and Bromley (1984), would include it within the ichnospecies 309 

longissimus. The apertural region of the borings is not perpendicular to the surface such 310 

as described by Savrda and King (1993) and Gingras et al. (2004), but has a more 311 

parallel course to it. This apparent path is most likely due to erosion,  which has 312 

removed the first millimetres of the surface where the entrance probably was more 313 

vertically oriented. 314 

 315 

4. Teredolites versus Gastrochaenolites  316 

Substrate type is considered an essential ichnotaxobase for trace fossils in 317 

general, and bioerosion trace fossils in particular, where the principal substrate types 318 

lithic/skeletal (mostly biogenic and abiogenic carbonates), osteic (bone, teeth, scales), 319 

and xylic (wood, seeds) are a suitable ichnotaxobase particularly at ichnogenus level 320 

(e.g., Bertling et al., 2006; Höpner and Bertling, 2017; Wisshak, 2017). Most recently, 321 



 

 

Wisshak et al. (2019) subdivided the largest and somewhat incoherent group of 322 

‘lithic/skeletal’ substrates into calcareous substrates (biogenic and abiogenic carbonates) 323 

and siliceous substrates (sensu lato; biogenic and abiogenic silica, silicate minerals and 324 

rocks, siliciclastic rocks). This argument is grounded on the fact that for the majority of 325 

bioerosion ichnospecies, the presence of calcium governs the mode of penetration 326 

(chemical and mechanical versus mechanical only) and thus, behaviour. Amber is a 327 

hard, fossil resin, soluble in acetone or toluene and essential oils. These properties are 328 

not shared by common xylic substrates, a term included in the current diagnosis of the 329 

ichnogenus Teredolites (Kelly and Bromley, 1984; Kříž and Mikuláš, 2006). The term 330 

“xylic”, refers to the classical Greek "xylos" (= wood) for this reason amber cannot be 331 

considered a xylic substrate, but a substance derived from it. Amber is an organic multi-332 

compound product of the polymerisation of the resin of different higher plants. Its 333 

composition of carbon (78.8%), hydrogen (10.2 %) and oxygen (11%), is similar to 334 

wood (average composition of 50% carbon, 42% oxygen, 6% hydrogen and the 335 

remaining 2% nitrogen and other elements). 336 

Furthermore, amber derives from wood, although differing from it in structure, lacking 337 

the fibrous architecture. Consequently, Wisshak et al. (2019) considered amber within 338 

the category of xylic substrates in the sense that it is a wood derivative, just like seeds. 339 

In support of this line of reasoning, we here argue that (1) amber is a product of a tree, 340 

(2) amber (former resin or its precursor, copal) may be found in and on wood, and (3) 341 

there are individuals of Teredolites that pass through wood and amber as it is the case of 342 

a slab of Burmese amber from the Patrick Müller collection. This piece was not 343 

available for study because it is on display at the amber exhibition at the Stuttgart 344 

Natural History Museum (P. Müller, pers. comm., Sept. 2018). 345 



 

 

 For this reason, we include amber as a substance derived from a xylic material 346 

(wood), similar in composition, but not in structure.  347 

Bromley et al. (1984) and Bromley (2004) discussed the affinities and 348 

differences between Gastrochaenolites and Teredolites, justifying their taxonomic 349 

separation based on the different principal kind of substrate involved. The authors also 350 

established the ichnotaxobases to discriminate the two ichnogenera, proposing to keep 351 

the name Teredolites for xylic substrates and Gastrochaenolites for lithic ones. The 352 

majority of authors (e.g., Kelly and Bromley, 1984; Mikuláš, 1993, 2006; Mikuláš et al., 353 

1995; Lavigne, 1999; Buatois et al., 2002; Gingras et al., 2004; Ferrer and Gibert, 2005; 354 

Bertling et al., 2006; Kříž and Mikuláš, 2006; Buatois and Mángano, 2011; Buatois et 355 

al., 2016; Minter et al., 2016) have accepted this proposal. As amber is genetically 356 

related to trees, traces made on it could be considered as belonging to the Teredolites 357 

ichnofacies. Nevertheless, Kelly and Bromley (1984) and Savrda et al. (1993), did not 358 

consider amber in woodgrounds. By assigning borings in amber to Teredolites, Villamil 359 

and Hasiotis (1993), implicitly accepted amber as a xylic-related substrate. In addition 360 

to this, the material presented here shows not only the typical morphology of T. clavatus 361 

but also the ichnofabrics developed (Figs. 2C–E, 3B, G, 4A–C).  362 

In contrast to this traditional view, Donovan and Ewin (2018) considered all 363 

types of substrate a poor ichnotaxobase, and they exemplify this by the case of clavate 364 

borings commonly produced by bivalves across substrate types. They consider 365 

Gastrochaenolites morphologically indistinguishable from Teredolites, and thus 366 

synonymise the two ichnogenera, giving priority to Gastrochaenolites. There is little 367 

doubt that Donovan and Ewin (2018) were right concerning the given morphological 368 

similarity of Teredolites and Gastrochaenolites. By synonymising them, they employ 369 

the exception (i.e., a boring crossing different substrate types) to ground a rule upon 370 



 

 

(i.e., rejecting substrate as suitable ichnotaxobase), even though most of the bioerosion 371 

traces and the respective ichnotaxa are restricted to a specific type of substrate. On the 372 

other hand, Carmona et al. (2007) identified Gastrochaenolites-like traces in 373 

unconsolidated substrates and consequently advocated that the ichnogenus 374 

Gastrochaenolites should even be extended into the bioturbation realm.  375 

However, there is general agreement, as already expressed in the first workshop 376 

on ichnotaxonomy (WIT) held on Bornholm, Denmark, and in Kraków and Tymbark, 377 

Poland, that substrate is essential to distinguish burrows and borings of identical 378 

morphology. This view was published by Bertling et al. (2006) who recommended to 379 

keep trace fossils found in the principal types of lithic, woody and soft substrates 380 

separate regardless of morphologic similarity (not identity). Subsequently, Höpner and 381 

Bertling (2017) argued that osteic substrates should be regarded as another distinct type 382 

of substrate, and most recently, Wisshak et al. (2019), divided lithic substrates into the 383 

calcareous and siliceous substrate categories. We herein follow the perspective that 384 

substrate is an important and valid ichnotaxobase, particularly on the ichnogenus level, 385 

and in due course retain Teredolites and Gastrochaenolites as separate ichnogenera, 386 

despite them sharing a common morphology. Also, we here follow Donovan (2018) 387 

who established the ichnogenus Apectoichnus for the long, slender forms, usually 388 

parallel to fibres, now represented by the type ichnospecies T. longissimus. 389 

Apart from this purely ichnotaxonomical reasoning, we see clear advantages of 390 

keeping Teredolites and Gastrochaenolites as separate ichnogenera, in that Teredolites 391 

lends its name also a distinct substrate-controlled type of ichnofacies, while 392 

Gastrochaenolites can appear in both the Glossifungites firmground ichnofacies, as well 393 

as of the Trypanites hardground ichnofacies, being most frequent in the latter. In 394 

addition, Teredolites as a woodground boring is primarily related to the herbivorous 395 



 

 

search for food (fodinichnion), while hardground borings are commonly produced for 396 

protection (domichnion), produced by organisms whose trophic type is suspension 397 

feeding (MacEachern et al., 2007; Buatois et al., 2016). These are not ichnotaxonomical 398 

arguments, but palaeoecological ones, but they do show that often more information is 399 

attached to an ichnogenus than just the pure shape – and we would lose this gain of 400 

information when restricting ourselves to alone. 401 

 402 

5. Potential trace-makers of the amber borings  403 

Fortunately, in the Mexican and Burmese amber, specimens of bivalves have 404 

been preserved to allow an adequate systematic approach. Thus, all of them exhibit the 405 

characteristics of the family Pholadidae (Kennedy, 1974), subfamily Martesiinae Grant 406 

and Gale, 1931, specifically with the genus Martesia Sowerby, 1824. Although its 407 

conservation is good, there is no record of the inside of the valves, which means a 408 

particular handicap when establishing systematic precisions at a specific level. Martesia 409 

is the oldest known genus of Pholadidae, occurring in the Carboniferous (questionably) 410 

and from Jurassic to Recent (Turner, 1969). Adult Mexican specimens (Late Oligocene–411 

Early Miocene) show the mesoplax broadly oval (Fig. 7A), and flat, similar to a cushion 412 

with the metaplax and hypoplax pointed or truncated posteriorly (Fig. 8D, F, G). Palmer 413 

and Brann (1965) refer to several references from Martesia for the Paleocene (Martesia 414 

Gardner, 1935) and Eocene (M. elongata Aldrich, 1886), M.? laredoensis Gardner, 415 

1923, M. recurva Aldrich, 1921, M. texana Harris, 1895) from eastern and southeastern 416 

of the United States. Kennedy (1974) also described in the West American Cenozoic 417 

deposits, the existence of two Eocene species of Martesia, M. meganosensis Clark and 418 

Woodford, 1927 and M. (Particoma) tolkieni Kennedy, 1974. The latter differs from 419 



 

 

Martesia by the presence of a non-bifurcate metaplax and hypoplax, and by the shape of 420 

the mesoplax. 421 

All these Paleocene-Eocene species display external morphological 422 

characteristics (for more details see Turner, 1969; Kennedy, 1974) that are different 423 

from those observed in their Oligocene–Miocene counterparts. 424 

Other Pholadidae with this stratigraphic range may be according to Turner 425 

(1955), Barnea Leach in Risso, 1826, Parapholas Conrad, 1848, Jouannetia Des 426 

Moulins, 1828 and Xylophaga Turton, 1822. However, Martesia differs from these 427 

related genera by the presence of the mesoplax, metaplax, hypoplax, funnel-shaped pit 428 

below the umbonal reflection, and complete callum in adult specimens. The umbonal-429 

ventral sulcus and its corresponding ridge is the only radial division of the shell (Fig. 430 

7B). 431 

In the case of the Cretaceous Burmese specimens, young individuals showing 432 

the typical large pedal gape (Figs. 7B, 8C, E) represent the most common. Adult 433 

individuals have a subtriangular mesoplax, pointed towards the anterior part and 434 

rounded towards the posterior one. Kennedy (1974) in his review on the Cretaceous 435 

Pholadidae of North America only identifies the genera Opertochasma Stephenson, 436 

1952, and Xylophagella Meek, 1864 with a genus, Turnus Gabb, 1864 of uncertain 437 

systematic position. All of them are also of very different morphologies to Martesia.  438 

The current species of Martesia, M. (Martesia) striata Linnaeus, 1758 and M. 439 

(Martesia) fragilis Verrill and Bush, 1898, show apparent differences in the mesoplax, 440 

which is nearly circular, and inflated in the adult specimens and semicircular in the 441 

young of the former, while it is concentrically sculptured in the latter. 442 

For all these reasons, and taking into account the limitations for the observation 443 

of the internal structures of the valves, it is considered appropriate to classify the 444 



 

 

specimens of Cenozoic amber as Martesia sp. 1 (made up of adult specimens) and those 445 

of Mesozoic amber as Martesia sp.2 (includes young and adult specimens). In the latter 446 

case, according to Crampton (1990), an in-depth review is necessary for Mesozoic 447 

Pholadidae. 448 

This implies that in this case, Teredolites can be associated with the work of 449 

martesiine bivalves (also see Smith and Ross, 2017). The striations and ring structures 450 

indicate that the producer owned a rugose sculpture similarly to Martesia. This is not 451 

characteristic of other bivalve borers such as Gastrochaena, which is a frequent 452 

producer of Gastrochaenolites. 453 

Boring cycle of Martesia (Ansell and Nair, 1969) comprises first the retraction 454 

of the shell to the base of the boring, and second, the abrasion of the boring margin by 455 

movements of the shell caused by a single consecutive contraction of each of the 456 

adductor muscles. On the other hand, Apectoichnus longissimus (formerly Teredolites 457 

longissimus) has been classically associated with boring bivalves of the family 458 

Teredinidae (e.g., Teredo, Nototeredo, Bankia, see Savrda and King, 1993; Gingras et 459 

al., 2004; Kříž and Mikuláš, 2006) and xylophagaines (Evans, 1966). The coexistence 460 

of both ichnospecies in the same layers, with a clear dominance of T. clavatus, seems to 461 

indicate colonisation of the substrate with a standard behaviour (domichnion). Some of 462 

the factors that influence the form of the borings are the density of colonisation and the 463 

degree of substrate compaction (Evans, 1970; Lavigne, 1999). For this reason, 464 

morphological differences observed in the borings are due to the isotropic nature of 465 

amber (Mexican, Lebanese and Burmese amber) versus its concentric structure in layers 466 

(Spanish amber), rather than to the type of behaviour of the producers. It must be taken 467 

into account that in some cases, as in the Mexican amber, borings are compressed and 468 

thus appear very closely spaced. This indicates that the amber was plastically deformed 469 



 

 

or compressed after the traces had been produced, as also observed in the Burmese 470 

amber (Smith and Ross, 2017).  A reason for the dense occupation of the amber is the 471 

gregarious larval behaviour of Martesia (and Martesiinae in general) when lighted, 472 

sciaphilous larvae prefer to settle on the underside of horizontal surfaces 473 

(Nagabhushanam, 1959). It should be noted that not only martesiine bivalves seem to be 474 

potential trace makers, but also amphipods and marine isopod crustaceans (Bromley, 475 

1970). However, the borings of the isopods have a much larger diameter (2–3 mm), and 476 

their tunnels are much longer (up to 10 cm) and tend to be arranged en-echelon. Their 477 

course usually follows the direction of the wood fibres until they hit another boring or 478 

until they return to the wood-water or wood-air interface (Gingras et al., 2004). On the 479 

other hand, amphipods (represented by Cheluridae) are usually associated with isopods 480 

of the genus Limnoria (Coleman and Renz, 2009). This causes the chelurids to enlarge 481 

the burrows initiated by the limnoriids (Thomas, 1979). 482 

Further comparisons can be made with some of the more or less elongated 483 

clavate borings produced by insects, since these arthropods have been found fossilized 484 

in the amber of the studied sites (Grimaldi et al., 2002; Perrichot, 2004; Peñalver and 485 

Delclòs, 2010; Azar et al., 2003, 2010). However, as described by Kříž and Mikuláš 486 

(2006), the ichnogenera Anobichnium Linck, 1949 (see also Rajchel and Uchman, 487 

1998), Carporichnus Genise, 1995 and Eocavum Buchholz, 1986, differ significantly 488 

from Teredolites, since they are both more asymmetrical and cylindrical (Anobichnium 489 

case) or have radial tunnels (Carporichnus) or are much larger and show slightly 490 

different shape (Eocavum). 491 

6. Taphonomic model 492 

On the base of the rich available material of bored Burmese amber, we propose a 493 

general taphonomic model (Fig. 9), explaining the various observed and hypothetical 494 



 

 

modes of preservation of pholadids and their borings in amber. Our model predicts that 495 

the pholadids bored into a living, resin-secreting tree, which was at least periodically 496 

immersed in seawater. In the first phase, pholadid borings in wood with both valves 497 

preserved in situ were variably filled with sediment or remained unfilled (Fig. 9A) (it is 498 

noteworthy to mention that the disarticulated valves of the bivalves generally remain in 499 

place within the boring because their size (if intact) exceeds that of the boring aperture). 500 

In the next stage, fresh resin fills the empty space within the borings or seals the borings 501 

at the level of the wood surface (Fig. 9B). Subsequently, while the resin hardens, wood 502 

and other organic remains may gradually decay (Fig. 9C). In the final stages, wood is 503 

replaced by subsequent episodic flows of resin, which after hardening may repeatedly 504 

be bored by pholadids (Fig. 9D). The final result is an amber slab showing borings 505 

including preserved pholadid body fossils, preserved wood remains, borings completely 506 

or incompletely (geopetally) filled with sediment and borings neither filled with resin 507 

nor with sediment, encapsulated by a final flow of resin (Fig. 9E). 508 

 509 

7. Palaeoenvironmental setting 510 

Teredolites and Apectoichnus are considered indicators of marine to marginal 511 

marine environments (e.g., Breddin, 1935; Philipp and Wehrli, 1936; Bradshaw, 1980; 512 

Bromley et al., 1984; Urreta, 1987; Arua, 1991; Savrda, 1991; Mikuláš, 1993; Gingras 513 

et al., 2004; Kříž and Mikuláš, 2006; Savrda et al., 1993; Mikuláš et al., 1995; Lavigne 514 

et al., 1998; Pirrie et al., 1998; Obata, 2000). However, occurrences of Teredolites in 515 

deep-sea sediments are also noticed (e.g., Turner, 1973). Other authors linked the 516 

presence of these trace fossils to marine transgressions (Philipp and Wehrli, 1936; 517 

Panos and Skacel, 1966; Bromley et al., 1984; Savrda, 1991; Savrda et al., 1993). 518 

Teredolites in allochthonous logs, usually indicate a transitional environment between a 519 



 

 

truly terrestrial and a marine-influenced setting (e.g., Ferrer and Gibert, 2005). 520 

However, deep-sea occurrences are also present (e.g., Uchman, 1995).   521 

In the Columbian amber, the specimens appear associated with driftwoods, 522 

which have been interpreted by Villamil and Hasiotis (1993) as indicators of 523 

transgressive pulses that would cause the flooding of a forested coastline, as well as the 524 

drift towards the basin of potential xylic substrates. Most probably, this is the most 525 

plausible explanation, since only a few representatives of Martesiinae are able to 526 

withstand brackish water, in such a way that after the advance of the sea into coastal 527 

forests the juveniles died when the salinity decreased again. 528 

On the other hand, and according to the previous authors, small Teredolites 529 

could represent young populations that ceased by the sinking of the woods in oxygen-530 

poor waters. Another alternative explanation for the dwarfing of the population would 531 

be their production in an environment whose oxygen content was quite low. It is also 532 

possible that both wood and amber can be transported from rivers into the sea, can float 533 

in saline water and later deposited. 534 

The presence of Apectoichnus and Teredolites in the Spanish material indicates 535 

an episode of marine influence during the deposition of this member, initially consisting 536 

of freshwater swamp deposits (Querol et al., 1992). Such a transgressive pulse would 537 

entail the transition from terrestrial conditions to tide-influenced ones. In a first phase 538 

(Fig. 10A) boring bivalves colonised the external surface of the amber looking for 539 

dwelling (T. clavatus). Subsequently, a new layer of amber covered the previous one, 540 

repeating the colonization process. Finally, a third and last layer covered the previous 541 

ones, with the installation of Apectoichnus longissimus together with T. clavatus (Fig. 542 

10B–E). A slight further transport eroded the amber ball prior to its final burial. 543 



 

 

Nevertheless, the reworking of amber pieces and bioerosion under fully marine 544 

conditions and deposition elsewhere cannot be ruled out. In this case, amber-bearing 545 

beds would only indicate a marine source near in space and time. It is important to 546 

emphasise that the presence of these isolated pieces does not necessarily indicate a 547 

marine influence, especially if it is shown to have an allochthonous origin. Therefore, 548 

the appearance of Teredolites and Apectoichnus in amber does not prove a marine 549 

deposit, but a derivation from a marine source only, next to the area where they appear. 550 

A similar interpretation has been held by Jahnke and Füldner (2004) for the Baltic 551 

amber. According to these authors, this amber could be transported by streams and 552 

rivers from the resin-producing “amber forest” into the Oligocene river delta and the 553 

nearby shallow sea.  554 

The French amber deposits are interpreted as a deltaic sandy environment 555 

(Perrichot, 2004), probably in arid conditions within a predominantly warm and humid 556 

climate (Frakes, 1979; Jenkyns et al., 1994; Fenner, 2001). In addition, Girard et al. 557 

(2008) found various marine microfossils that were probably introduced by wind, spray, 558 

or high tide from the beach or the sea onto the resin flows of the coastal mixed forests 559 

dominated by conifers. Truncated borings on the surfaces of amber pieces suggest 560 

abrasion during transport, and deposition. 561 

In this way, French and Spanish amber borings seem to have been produced in 562 

forests growing very close to the sea beach in a similar analogy to what happens today 563 

in araucaria forest in New Caledonia (Nel pers. comm.) or in SE Asia (Schmidt et al., 564 

2018). 565 

The Cenomanian amber of Salignac (Alpes-de-Haute-Provence) is found in deep 566 

marine palaeoenvironment, with ammonites and marine reptiles (Nel pers. obs.). It was 567 

produced some kilometres away, thus amber can go far from its production area into 568 



 

 

sea. A similar fact is reported by Yu et al., (2019) in the Burmese amber, where they 569 

found the presence of an ammonite together with marine gastropods, intertidal isopods, 570 

and diverse terrestrial arthropods. 571 

Martesia striata can tolerate low salinities in mangrove forests (e.g., Singh and 572 

Sasekumar 1994; Sivakumar and Kathiresan 1996; Ḉevik et al., 2015). Smith and Ross 573 

(2017) concluded that resin-producing trees grew very close to an environment in which 574 

the pholadid bivalves lived, possibly a brackish water bay or inlet. In a similar context, 575 

Martesia is known to bore into living mangrove roots in India and Australia, 576 

(Dharmaraj and Balakrishnan, 1981; Santhakumaran, 1983; Brearley et al., 2003). 577 

However, keeping in mind that mangroves did not yet exist in the mid-Cretaceous, the 578 

increasing record of marine biota preserved in Burmese (e.g., Xing et al., 2018) and 579 

Mexican amber (Huys et al., 2016), suggests coastal swamp habitats which were 580 

regularly flooded by sea water. In this line, Mao et al. (2018) mentioned that the shape 581 

of the Burmese amber suggests that it has not been transported over long distances, and 582 

the amber-producing plants grew not far from the beach or just by the sea. Amber 583 

would be deposited with debris from marine organisms, and some pholadid bivalves 584 

could bore into its surface during the relatively short exposure time. On the other hand, 585 

shallow water environments with plants, resin, and roots decomposing in the sea or on 586 

the beach near a forest could also be adequate. 587 

The Mexican amber is associated with a sequence of marine calcareous 588 

sandstones and silt with beds of lignite (Poinar, 1992). According to Langenheim 589 

(1995) and Solórzano Kraemer (2010), it represents a coastal setting with resin-590 

producing trees similar to the Burmese amber. 591 

 592 

7. Conclusions 593 



 

 

The studied amber samples ranging in age from Early Cretaceous to Miocene 594 

show bivalve borings. As amber and similar solid resins have to be considered as a 595 

derivative of xylic substrates. The borings are included in Teredolites clavatus 596 

Leymerie, 1842 and Apectoichnus longissimus (Kelly and Bromley, 1984). To this end, 597 

the diagnosis of both ichnotaxa was reviewed and updated. It is proposed to maintain 598 

the type of substrate as a valid ichnotaxobase and to exclude Gastrochaenolites from 599 

borings in xylic substrates. The palaeoenvironmental significance (trophism, 600 

ichnofacies) of these ichnotaxa is thus maintained. A mechanical production process is 601 

deduced from the presence of bioglyphs in most samples, and its production is related to 602 

pholadid bivalves, specifically Martesia sp. 1 for Cenozoic amber and Martesia sp. 2 603 

for Mesozoic, respectively, which are found in situ inside borings in the Mexican and 604 

Burmese amber. The palaeoenvironmental conditions, except for small differences, can 605 

be summarised in a context of a forested or marshy coast, where the amber-producing 606 

plants grew close to the sea, with occasional marine ingressions or at least seaward 607 

riverine transport. 608 
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Table Captions 

Table 1. Localities, age and repository numbers of the amber samples studied. 

Table 2. Measurements of proximal and distal width, length and mean length/ width 

ratio for Teredolites clavatus Leymerie, 1842 and Apectoichnus longissimus (Kelly and 

Bromley, 1984). 

 



Figure Captions 1 

Fig. 1. Schematic drawing of Teredolites boring with the parameters used in its 2 

description. L: length (L); Wp: width in the proximal region; Wd: width distal or 3 

maximum diameter of the chamber. 4 

Fig. 2. General view of amber specimens. A) On the right side, basal view of the 5 

internal mould of T. clavatus. (ALTC-01. Lebanese amber. Early Barremian). Scale bar: 6 

5 mm. B) An isolated specimen of T. clavatus. ( ALTC-02from Lebanese amber).. Scale 7 

bar: 5 mm. . C-E) side views showing a complete image where the three amber layers 8 

containing T. clavatus and Apectoichnus longissimus can be appreciated. (MPZ 9 

2017/571 to MPZ 2017/726. Spanish Amber.  Early-middle Albian). Scale bar: 10 mm. 10 

(.). F) Schematic drawing indicating the position of Teredolites and Apectoichnus. Scale 11 

bar: 10 mm. G-I) One piece and two shards of Spanish amber with borings. G-H) T. 12 

clavatus. G) (MAP-7594. Early-middle Albian). Scale bar: 10 mm. . H)(MAP-7595). 13 

White arrow shows an incomplete section of A. longissimus. I) (MAP-7596). Scale bar 14 

for H-I: 2 mm. 15 

Fig. 3. Longitudinal and cross-sections of Teredolites clavatus. A-F. (MPZ 2017/573 to 16 

MPZ 2017/575. Spanish Amber. Early-middle Albian). A) In the external layer, filled 17 

by clayey sediments. Scale bar: 2 mm. B) Borings closely packed in the intermediate 18 

layer. (MPZ 2017/576 to MPZ 2017/626). Scale bar: 5 mm. C) The internal layer is 19 

showing a longitudinal section. (MPZ 2017/627). Scale bar: 5 mm. D) Detail of the 20 

white box of figure 3. Scale bar: 5 mm. E-F. Longitudinal sections. E) (MPZ 2017/571-21 

572). Scale bar: 2 mm. F) (MAP-7594). Scale bar: 2 mm. G) General view of T. 22 

clavatus (MNHN.F. A70081. French amber. Albian). Scale bar: 5 mm. H) Detail with 23 

three borings showing the margins entirely covered with a thin, white lining. (MNHN.F. 24 



A70078). Scale bar: 5 mm. I) Another detail with T. clavatus slightly overlapping. 25 

(MNHN.F. A70078). Scale bar: 5 mm. 26 

Fig. 4. A) General view of Burmese amber (In.20205. Albian-Cenomanian). Scale bar: 27 

10 mm. B) General view of Mexican amber. The borings are located on the periphery of 28 

the sample (white arrows). (Not signed. Mr John DeCosta private Collection, London. 29 

Late Oligocene-early Miocene). Scale bar: 10 mm. C) Evenly spaced T. clavatus in 30 

Burmese amber. (In.20205). Scale bar: 2 mm. D-F. Latex replica of French amber. 31 

Albian. D) General view. (MNHN.F. A70078). Scale bar: 10 mm. E-F) View of the 32 

lateral and rounded basal moulds. (MNHN.F. A70081). Scale bar: 5 mm. G) SEM view 33 

of the transverse ridges (black arrows) inside T. clavatus from Spanish amber and 34 

interpreted as xenomorphic structures. MPZ 2017/580. Scale bar: 100 µm. H) SEM 35 

view of fine longitudinal grooves (white arrows) inside the boring from the previous 36 

specimen and that could be interpreted as micro-bioglyphs. Scale bar: 100 µm. 37 

Fig. 5. A) Xenomorphic ridges and grooves (white arrows) in the distal region (basal 38 

part) of T. clavatus. (MPZ 2017/575. Spanish amber. Early-middle Albian). Scale bar: 1 39 

mm. B) T. clavatus with chevron-like pattern of striae in the basal region (white arrows) 40 

and transverse, uneven striae (black arrows). Mexican amber. (Not signed. Mr John 41 

DeCosta private Collection, London. Late Oligocene-early Miocene). Scale bar: 1 mm. 42 

C) Close-up of a set of Apectoichnus longissimus. (MPZ 2017/716-719. Spanish amber. 43 

Early-middle Albian). Scale bar: 1 mm. D) Schematic diagram of the previous picture.  -44 

E.L: External layer, IL: Intermediate layer. Gray color: filling. E) Close-up view of the 45 

linings (white arrows) around the wall and the neck in A. longissimus. MPZ 2017/719. 46 

Scale bar: 500 µm. 47 

Fig. 6. Schematic diagram illustrating the characteristics of Teredolites clavatus and 48 

Apectoichnus longissimus in the Spanish amber (MPZ 2017/571 to MPZ 2017/726). 49 



Fig. 7. A) Martesia sp. 1 inside its boring. mt: metaplax, ms: mesoplax, hp: hypoplax; 50 

ur: umbonal reflection, pr: prora, d: disc, s: sulcus, pg: pedal gape. (Mexican amber, not 51 

signed. Mr John DeCosta private Collection, London. Late Oligocene-early Miocene). 52 

Scale bar: 2.5 mm. B) Martesia sp. 2 inside its boring. (Burmese amber, In 20205. 53 

Albian-Cenomanian). Scale bar: 2.5 mm. 54 

Fig. 8. CT scan of bored Burmese amber slab (F2854/BU/CJW. Jörg Wunderlich 55 

private collection, Hirschberg, Germany. Cenomanian) with bivalves preserved in situ. 56 

A) side view. B) view from above. C) View from below with a larger magnification. D) 57 

Typical cluster or “bundle “of Martesia sp. 2. E) Three articulated young specimens 58 

seen from below. Fm: flat mesoplax; pg: pedal gape. F-J) Lateral, dorsal, ventral and 59 

anterior view of a Martesia sp. 2 specimen. K-L) Lateral views of young Martesia sp. 2 60 

specimens. All Scale bars: 5 mm. 61 

Fig. 9. Taphonomic model, explaining various modes of preservation of pholadids and 62 

their borings observed in Burmese amber. Further explanations see text. 63 

Fig. 10. An idealised sequence of the bioerosion process in the Spanish amber ball. 64 

(MPZ 2017/571 to MPZ 2017/726. A) Initial state and production of Teredolites 65 

clavatus. B) Occurrence of later amber coating the initial borings and installation of a 66 

second generation of Teredolites. C-D) Complete development of the previous phase 67 

and coverage by a third layer of amber with the appearance of Apectopichnus 68 

longissimus together with T. clavatus. E). Final state after erosion. 69 

 70 



Locality Age References Repository 

Chiapas, Mexico Late Oligocene- Early Miocene De Poinar, 1992 
Not signed. Mr. John DeCosta 

private Collection, London 

Magdalena Basin, Colombian Andes Late Turonian Villamil and Hasiotis 1993 Unknown 

Kachin region, Myanmar Cenomanian 

Noetling, 1892; Chhibber, 1934; 

Cruickshank and Ko, 2003; Shi et al., 

2012 

In.20205. Department of 

Palaeontology, The Natural History 

Museum, London 

BuB 1511 

BuB 1512 

BuB 1133 

BUB 1551 

BuB 1550 

BuB 1549 

F3091/BU/CJW 

F2854/BU/CJW 

F3050/BU/CJW 

F 3049/BU/CJW 

F2855/BU/CJW 

F2858/BU/CJW 

F2856/BU/CJW 

F2857/BU/CJW 

F3052/BU/CJW 

F3051/BU/CJW 

F3043/BU/CJW 

F3048/BU/CJW 

F3045/BU/CJW 

F3047/BU/CJW 

F3046/BU/CJW 

F3044/BU/CJW 
 

Patrick Müller 

private collection 

(Käshofen, 

Germany) 

Jörg 

Wunderlich 

private 

collection 

(Hirschberg, 

Germany) 



Archingeay, Charente-Maritime, 

(SW France) 
Albian Perrichot, 2004 

MNHN.F. A70078, MNHN.F. A70081 

National Museum of Natural History 

of Paris 

Sant Just, Teruel, Spain Early-Middle Albian Peñalver et al., 2007 

MPZ 2017/571 to MPZ 2017/726 

Paleontological Museum, University 

of Zaragoza 

MAP-7594 to MAP-7596, Dinópolis 

Foundation, Teruel 

Kfar Selouan, Central Lebanon Early Barremian Maksoud et al., 2017 

ALTC-01-02 Department of 

Palaeontology, The Natural History 

Museum, London 

 



 

 

Teredolites clavatus Value 
Wp (Width 

proximal) 

Wd (Width 

distal) 

L 

(Length) 
MeanL/Wd 

Mexico 

(n: 18) 

minimum 3.0 8.7 12.0  

maximun 4.2 9.6 19.2  

mean 3.3 9.4 17.4 1.9 

Columbian Andes 

(n: 98) 
mean 0.4 0.6 --- 3.0 to 2.0 

Myanmar 

(n: 131) 

minimum 0.2 0.5 0.8  

maximun 1.1 2.6 4.2  

mean 0.6 1.6 2.7 1.6 

France 

(n: 51) 

minimum --- 0.9 1.8 --- 

maximun --- 3.5 4.0 --- 

mean --- 2.2 2.9 1.3 

Spain 

(n: 221) 

minimum  0.4 0.3 2.1  

maximun  1.9 2.6 6.0  

mean 1.1 1.5 3.6 2.4 

Lebanon 

(n:2)  

minimum --- 2.6 ---  

maximun 2.5 5.6 8.1  

 2.5 4.1 8.1 1.9 

Apectoichnus longissimus  

Spain 

(n: 5) 

minimum  0.4 0.7 2.4  

maximun  0.7 1.6 9.5  

mean 0.6 1.1 5.8 5.27 

 

 























Highlights 
 
* The existence of borings in amber from Early Cretaceous to Miocene is verified. 

* Arguments are given in favour of separating Teredolites from Gastrochaenolites. 

* Amber, copal or similar solid resins are considered a derivative of xylic substrates. 

* Clavate borings in this type of substrates should be included in Teredolites. 

* The separation between Teredolites and Apectoichnus is confirmed. 
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