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ABSTRACT
Amber samples with bivalve borings from six lodabtaround the world, ranging in

age from Hauterivian to Miocene, have been studid. possible assignment to
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Teredolites or Gastrochaenolites is discussed considering the type of substrataas
ichnotaxobase. It is proposed to regard ambemaitagiresins as a variant of xylic
substrates and to maintain the separation betviretwb ichnogenera and their
different paleoecological implications. The amberihgs are assigned Te@redolites
clavatus Leymerie, 1842 anBpectoichnus longissimus (Kelly and Bromley, 1984),
respectively. The presence of bioglyphs in a fewngs suggests a mechanical
production process, with pholadid bivalves sucMastesia preserved inside many of
the samples representing the producer. In gertbeamber-producing trees mostly
grew along a forested coastline, where they wecasionally flooded by seawater or
even transported from rivers into the sea and pposited.

Keywords. Borings, Bivalvia, ichnotaxonomy, Cretaceous, Newmgdossil resin,

substrate.

1. Introduction

Bivalves are the most common ichnotaxon trace nsakexylic substrates
(Savrda and King, 1993) with multiple examplesha literature (e.g., Leymerie, 1842,
Kelly and Bromley, 1984; Buatois and Mangano, 2@dnovan, 2018, among others).
Teredolites is described from woody substrates including -esetiag to Kelly and
Bromley (1984) — the following categories: driftwdsgp mangrove roots, submerged
forests, nutshells, pilings and ship hulls. Foniztacies, Bromley et al. (1984)
proposed the term woodground to distinguish woothfother i.e. softground,
firmground and hardground. Later on, Savrda gt1893) discriminated two subtypes
as xylic peatgrounds (“relatively laterally persist composite wood substrates that
correspond to th&eredolites ichnofacies”) and log-grounds (“relatively smalgn-

composite substrates represented by isolated logs”)
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The material studied herein consistsTefedolites andApectoichnus recorded in
another, yet closely related type of substrate baamJp to now, there are very few
works addressing this phenomenon: Woodward (188894) mentioned thdholas
could bore in amber and referred to the “Highgata, in the cabinet of Mr
Bowerbank”, which is a fossil resin from the Londolay (Ypresian, Eocene) in
England, similar to copal. Villamil and Hasioti9@&3) reported minut@eredolitesin

late Turonian amber from transgressive deposi@adiimbia. They reported the
borings as if made in xylic substrate. Bandel e{897), recognised club-shaped
boreholes in mid-Cretaceous amber from Jordan tjkéghose excavated by modern
Pholadidae, but they did not name them. Jahnkd-&alther (2004) described a series
of borings in Baltic amber (Eocene in age), whiokytinterpreted as being produced by
insects. However, their morphology and size coeuith those presented in this work
asTeredolites clavatus (especially the specimens from Mexico and Leban@n}s et

al. (2010) and Smith and Ross (2017) describedgaltb(Martesiinae) borings,
assigned a$eredolites in earliest Cenomanian (Late Cretaceous) Burmedea
Maksoud et al. (2017) displayed the existence diearwith shipworm borings, from
Chambouk (North of Lebanon). Such borings occuwelsindifferent fossiliferous
amber from different outcrops of other Lebanesalibes. Lately, Mao et al. (2018) in
their study of Burmese amber, mentioned pholadidsdid not elaborate in their

systematic details.

2. Materials and methods
Amber samples from five locations around the wdnden Hauterivian to Early
Miocene in age are studied here, complementeddyeitords of Columbian Andes

(Villamil and Hasiotis, 1993) (Table 1).
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The available borings in amber were measured tirentthe samples (Spanish
and French amber) or images (Mexican, Mr John DeQCar$vate collection; Lebanon
and Burmese amber) using the measurement todie ilmtageJ 1.46r software
according to the diagram shown in Figure 1. Thea€élmeamber (Albian of Archingeay,
Charente-Maritime, SW France, Perrichot, 2004¢mesented by two pieces
(MNHN.F. A70078, MNHN.F. A70081) available in thalpeoentomological section
of the Muséum National d’Histoire Naturelle in BafThey contain 23 and 52 borings,
respectively and were studied under the binocularascope and in latex casts
prepared in the museum and housed in the Natureaido Centre of the Jagiellonian
University (CEP) — Museum of Geology in Krakéw, &ud.

Micro-CT scans of bivalves included in Burmese angbab Nr.
F2854/BU/CJW housed in Jorg Wunderlich privateeszilbn (Hirschberg, Germany)
were performed with a GE Phoenix nanotome X-raije tat 90 kV and 150 pA,
generating 2500 projections with 750 ms per scahaamseful voxel size of 46n.

The cone beam reconstruction was performed usm@th datos|x 2 reconstruction
software, and the data were visualised in VolumapBics Studio Max 3.0. High-
resolution and high-depth-of-field images of cldyifh some borings observed in
Spanish amber were obtained using SEM EDX HitaeB4@0 N with a variable

pressure up to 270 Pa with EDX analyzer Rontec tF&i(Li).

3. Ichnotaxonomy

Ichnofamily: Gastrochaenolitidae Wisshak, Knaust Bertling, 2019
IchnogenusTeredolites Leymerie, 1842

Type ichnospecies: Teredolites clavatus Leymerie, 1842
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Revised diagnosis: Macroborings in xylic substrates and their deeveopal, amber or
similar solid resins, clavate, straight or slightlyrved, circular to oval in cross-section,
narrowing from the base of the main chamber tafrerture, either abruptly and
symmetrically, or gradually and less symmetricéthodified from Kelly and Bromley,
1984, Pickerill et al., 2003, andri& and Mikulas, 2006).

Remarks: The diagnosis had to be revised, as amber ofagin@isins were not included
in the original descriptions as a material derifreth and related to a xylic substrate.
This approach is considered more practical thaedard amber as a narrowly defined
particular type of substrate on its own and thugds/using (and adding) a new term
such as amberground, as proposed and used by &militRoss (2017) and Mao et al.
(2018). We argue thdkeredolites is justified and essential to be conserved togethe
with its analogue in lithic substraté€Sastrochaenalites, since we consider principal

substrate types a valid ichnotaxobase at ichnogenet

Teredolites clavatus Leymerie, 1842
Figs. 2A—I, 3A-I, 4A—H, 5A-B, 6

Revised diagnosis: Teredolites predominantly perpendicular to the fibres in woody
substrates or the resin surface, having a lengtitiiwatio of less than 5.

Material: The Lebanon material (ALTC-01-02, Department aaBontology, The
Natural History Museum, London) is a cuboid pietamber (Fig. 2A) and an isolated
mould of a boring (Fig. 2B) from Kfar Selouan (Caht_ebanon), in “Gres de Liban”
(Sandstone of Lebanon; Granier et al., 2015) thpear in primary deposits of the early
Barremian (Maksoud et al., 2017). The piece is 13 x 9 mm in size, which contains

one specimen.
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The Spanish material is housed at the Palaeont@blgiuseum, University of Zaragoza
(MPZ), samples MPZ 2017/571 to MPZ 2017/726 andDat6polis Foundation,
Aragonian Palaeontological Museum (MAP), Teruelngkes MAP-7594 to MAP-
7596. All material is represented by three slals taro small fragments from the San
Just mountain pass, located to 2 km SW from Esc(€heuel) and belonging to the
Regachuelo Member, Escucha Formation, northern imafythe Aliaga Subbasin,
(Pefalver et al., 2007) early-middle Albian in ayRZ 2017/571 to MPZ 2017/726
contain 157 specimens distributed in three suceesayers of amber that form a cluster
50 x 55 x 35 mm in size (Figs. 2C-F, 3A-D, 4G-H)eTinner layer, whose thickness
varies between 8 and 18 mm, holds 73 specimensmitidle layer, with a thickness
between 2 and 9 mm, has 54 specimens, and thelayégy with a thickness between 4
and 8 mm, contains 34 specimens. MAP-7594 is eeppé@mber 80 x 45 x 35 mm in
size that shows 48 borings distributed irregulattyng surface (Figs. 2G, 3E-F). MAP-
7595; MAP-7596 are two shards of the previous fragim(Fig. 2H-I) with 16
specimens with empty or partially filled borings.

The French amber is from the Albian of Archinge@h4rente-Maritime, SW France,
Perrichot, 2004) and it comprises two pieces of@ngbntaining at least 23 and 52
borings, respectively (Figs. 3G—I, 4D-F).

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

in the Kachin region, northern Myanmar (Noetlin§92; Chhibber, 1934; Cruickshank
and Ko, 2003; Shi et al., 2012), whose most redatihg is from Albian to Cenomanian
(Shi et al., 2012). The samples from this areaanstituted by one rounded piece of
amber from 15 x 30 x 26 mm in size, with 131 bosiifi.20205. Department of
Palaeontology, The Natural History Museum, Lond€ig, 4A), as well as six pieces

(BuB 1511-1549, from the Patrick Muller privateleotion, Kashofen, Germany), and
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sixteen pieces (F3091/BU/CJIJW- F3044/BU/CJW, fromitirg Wunderlich private
collection, Hirschberg, Germany. Table 1), respetyi

The Mexican amber is from the early Miocene BalumBandstone and the late
Oligocene La Quinta Formation coming from the Mnd®eCosta private collection,
London. The exact origin of the sample is unknoathough it has been collected from
the region of Chiapas. It is composed of one rodmiece of amber 21 x 120 x 70 mm

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

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

straight or slightly curved. In the longitudinakw, they have a typical bottle-bag-shape
(Figs. 2B, G, 3E—F, H-I, 4E-F). Both aperture (pmeed) and basal (distal) regions are
circular to oval in cross-section (Figs. 1, 3B48, C). The development of these
regions can show irregularities due to the proxiraitd degree of occupation of each
other, without exhibiting intersections. The diaeregenerally increases gradually to a
maximum in the distal region. This maximum is lech0.25-0.33 mm from the base

(Fig. 4D—F).

The length (L) of the Spanish specimens varies f2olrto 6.0 mm, with a mean of 3.6
mm on 221 measurements (Table 2). The width irptbgimal region (Wp, Fig. 1)
ranges from 0.4 to 1.9 mm, with a mean of 1.1 mhe maximum diameter of the
chambers or width distal (Wd) ranges from 0.3 ®&r@m, with a mean value of 0.5
mm. Mean L/Wd is 2.4. All borings are open or lyifilled by loose, whitish clayey
material. X-ray diffraction analyses indicate thegence of at least three types of
phyllosilicates: pure kaolinite, illite (with vegcarce Fe, and fillings that could derive
from biotite. The detected sulfur is a stray signain the ambient amber. This

composition is different from that observed by $n@ihd Ross (2017) in the Burmese
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amber. These authors found that the filling ofclevate forms is formed by very fine

to coarse sand, or by spare calcite cement.

Mexican amber has an L from 12.0 to 19.2 mm, witlddInm on average. Wp between
3.0 and 4.2 mm, with 3.3 mm on average. Wd vari@® 8.7 to 9.6 mm, with a mean

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

Burmese specimens have lengths that vary betw&esmd. 4.2 mm, with a mean of 2.7
mm, Wp is between 0.2 and 1.1 mm, at a mean ahd6Wd varies from 0.5 to 2.6
mm, with 1.6 mm in average, the mean L/Wd is 2l¥e Tebanon amber piece has an L

of 8.1 mm, a Wp of 2.5 mm, a Wd of 2.6 to 5.6 mmd aitmean L/Wd of 1.9.

Finally, measurements of two latex casts of Frearober show a Wd range from 0.9 to
3.5 mm, mean = 2.2. L ranges from 1.8 to 4.0 mma,ratan of 2.9 mm. Wp could not

be measured. Mean L/Wd is 1.3.

In general, the largest specimens are from Mexmbthe Lebanon, the Spanish and
Burmese amber being more similar. However, whemtean length/width distal ratio

is analysed, the Spanish specimens present a ldgheze of elongation proportionally.

The surfaces of the borings show striations infoine of a series of very thin ridges
and grooves that are subparallel to each othepargkndicular to the axis of the
chamber (Fig. 4G). Their spacing varies betweer-320um and their width varies
between 70-8Qm. In the basal part of the chamber, several spg@show these
striae more distinctly but with similar spacingdFbA). In the basal region, there often
is an additional series of 15 to 20 ridges, whighaiented perpendicular to the
previous ones, are less distinct and much fines (dn), and more densely aligned,

with a spacing of only 20—-2&m (Fig. 4H).
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In the Mexican amber, some specimens show a sdrigsely spaced (100m) short
ridges (50Qum in average) in the basal part, forming a veryati@ristic chevron
pattern (white arrows in Fig. 5B). On the contraogyards the proximal part, the ridges
of approximately same length show a direction pedpilar to the boring axis and are
more widely spaced (280m), discontinuous, and with a broken trajectorackl

arrows in Fig. 5B).

The French amber contains borings that are parthcated at the present substrate
surface. Their length (L) ranges from 1.0 to 5.8,rtime minimum width (Wp) from 0.8
to 1.6 mm, and the maximum width (Wd) from 0.9 16 Bim. The surface of the
borings are partly or entirely covered with a thimjte lining, which is also present on
the surface of some amber pieces. Occasionallye dgmrings contain a white mineralic
substance, which fills most of the chamber. Mostnaber surfaces devoid of bioglyphs.
Only rarely, rings can be seen in the proximal amdidle part of the chamber. The
chamber tapers gradually from the perimeter, latat¢he distal region, to the entrance
of the boring. Some chambers touch each otherein widest parts or even slightly
overlap. The boring openings are circular to ettgdt Some of the openings can be

partly fused.

As for theTeredolites of the Columbian amber (Villamil and Hasiotis, 19%Be
characteristics are very similar, although thetgsiare smaller. The average of the WP
is 0.4 mm, the Wd, is 0.6 mm and the mean L/W@:ik; but may be as small as 2:1.
This latter ratio is closer to the Spanish specsnemere L mean / Wd is 2.4). The
density of borings is similar in all cases exceptthe Mexican amber, where the large
size of the borings reduces the density to onlyspetimens/cfn In the Spanish

amber, densities range from 7 to 20 specimerfs(Eigs. 2C-E, G, 3B), and the
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Burmese amber (Fig. 4A) shows densities of 6 tsfétimens/ch Lebanese amber
contains only one specimen/grand the French amber varies between 2 and 4
specimens/cf For the Columbian case, no exact figures arengiakthough a piece of

amber was reported to contain about 100 specimesslg packed and evenly spaced.

Remarks: In the Spanish amber, the striations transverslee axis of the chamber can
be interpreted as xenoglyplser{su Bromley et al., 1984). Although the microstructure
of amber is unlike that of wood, i.e. amber is amogphous substance, which has no
grain or fibre orientation, it is usually arrangadsuccessive layers. For this reason, the
series of observed striae might be regarded asypiog at superficial examination, but
a detailed observation excludes this possibility.

True bioglyphs were observed by Villamil and Haisi¢1993) inTeredolites from the
Upper Cretaceous amber of the Magdalena Basinn@néy and attributed the grooved
texture to the drilling mechanism. Bertling and Manns (1996) have reported similar
structures from Rhenish lignites.

Also, Rbéder (1977), Bandel et al. (1997) and Savd£99) have observed the
mechanical abrasion of the substrates often raguti visible tool marks on the
surfaces of the boring. More recently, Smith and€@017) mention that traces of the
grinding process are visible on the surface otibiéngs containing pholadid bivalves
inside the Burmese amber, although they did nosiden details of this striation
production process.

On the other hand, the little crests perpendidaldhe previous ones in the Spanish
amber (Fig. 4H) pose a greater uncertainty. Thepasition and orientation are not
compatible with a xenomorphic structure. They cquricbably be related to some
minor ornamental element of the producer's shigipagh usually boring bivalves

produce bioglyphs whose lines set some 2 mm apart.
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The probable explanation could perhaps be relatdget fact that most pholadid shells
possess commarginal rows of sharp teeth that earged in radial series in rock or
hard substrates. According to Savazzi (1999) renglef the shell produces a set of
ring-shaped furrows, which are gradually excavémgdn individual tooth or by a series
of homologous teeth during growth.

In the same way, similar bioglyphs in the uncomgeesborings in the Mexican amber
demonstrate scratches and grooves made by theerggolpture of the trace-makers’
valves during boring (Fig. 5B).

The presence of bioglyphs preserved on the innéaiof some of the traces (Fig. 5B)
indicates that the substrate must have been iretlilgt the moment of trace
production.

Smith and Ross (2017) made a similar observatioa jpgir of articulated shells

floating in the amber suggesting that the resin mashard when the bivalves were
boring into it. A possible alternative explanatmwuld be that the resin was liquefied
after the solid phase, e.g. due to a slight iner@asemperature, pressure or natural
chemical changes. These small transformationsassilge because in some cases
insect fossils inside amber are deformed by hedbacause resin polymers can change
by the destruction of the double carbon bind.

Jahnke and Fuldner (2004) in the description obibréngs in Baltic amber
deduced that the wood resin was already hard stt &d&ime of the decomposition of
the tree. Mao et al. (2018) suggested that ambaysammay not be hardened entirely
when borings were produced, although it is harcbtaceive how a mechanical
bioeroder should be able to rasp away ‘liquid’@astic’ resin without totally clogging

its ornament.



272 For this reason and because the model proposédsipdper offers an explanation for
273 shells seemingly floating in the resin, we mainthiat the amber was a hard substrate at
274  the time of ichnogenesis.

275 Ichnofamily: Gastrochaenolitidae Wisshak, Knaust Bertling, 2019

276  IchnogenusApectoichnus Donovan, 2018

277  Typeichnospecies:. Apectoichnuslongissimus (Kelly and Bromley, 1984)

278 Revised diagnosis: Elongate borings in xylic substrates and its\ideda amber, or other
279 solid resins, commonly circular in cross-sectiammyved to contorted and intertwined,
280 may have a calcareous lining, usually of more ss [®nstant diameter.

281

282  Apectoichnus longissimus (Kelly and Bromley, 1984)

283 Figs 2I, 5C-E

284 Revised diagnosis. Apectoichnus predominantly parallel to the grain or fibres irydic
285 substrate, length/width ratio greater than 5. Siisuio contort.

286 Material: Only present in the Albian Spanish material. FSpecimens, four of them
287 located in the outer layer of the amber ball (M2B+726) (Figs. 2D, 5C) and one in
288 the middle layer (MPZ-722). One specimen is incatgphnd appears in a fragment of
289 amber (MPA-7596; Fig. 21).

290 Description: The borings are arranged parallel to the sulesgatface in their proximal
291 part and inclined to more vertical course in trealiregion (Figs. 2D, 5C-D, 6).

292  Slightly contorted and straight in longitudinal 8ex, similar toTeredolites clavatus. In
293 cross-section, the aperture is almost circular|enthie basal part is oval to elliptical.
294 When the degree of occupation is high coexistiritp Wi clavatus, the two types of

295 boring may come into contact with each other bwenentersect (Figs. 2C, E-F, I, 5C).

296 The length (L) (Table 1) varies from 2.4 to 9.5 nwith a mean of 4.9 mm. The width
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in the proximal region (Wp) ranges from 0.4 to tih, with a mean of 0.6 mm. This
progressive increase in diameter from aperturdidtal zones has already been
observed by Savrda and King (1993). Width disiald) varies from 0.7 to 1.6 mm,
with a mean value of 1.2 mm. Mean L/Wd is 4.1. &lthem are entirely or partially
filled by clayey sediment material of kaolinite &/g~ig. 5C—E). Interior of the borings
shows (especially in the distal portion) similaneag of ridges and grooves as observed
in T. clavatus, with same size and spacing, giving the boringkghtly ringed
appearance. Savrda and Smith, (1996), noted siwaktiges of weak linings in woody
substrates of Panama City Beach, Florida, and twdyspecimens show more
pronounced linings, 20—40m in thickness, present in both the neck and miaamber
(Fig. 5E).

Remarks: The relationship L/Wd is slightly higher than ®2 average, which, as
established by Kelly and Bromley (1984), would ud# it within the ichnospecies
longissimus. The apertural region of the borings is not pedo@nrar to the surface such
as described by Savrda and King (1993) and Girgjrak (2004), but has a more
parallel course to it. This apparent path is miésty due to erosion, which has
removed the first millimetres of the surface whigr@ entrance probably was more

vertically oriented.

4. Teredolites ver sus Gastrochaenolites

Substrate type is considered an essential ichnbéeseofor trace fossils in
general, and bioerosion trace fossils in particudrere the principal substrate types
lithic/skeletal (mostly biogenic and abiogenic aarates), osteic (bone, teeth, scales),
and xylic (wood, seeds) are a suitable ichnotax@lpasticularly at ichnogenus level

(e.g., Bertling et al., 2006; Hopner and BertliaQ17; Wisshak, 2017). Most recently,
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Wisshak et al. (2019) subdivided the largest amdesehat incoherent group of
‘lithic/skeletal’ substrates into calcareous sudists (biogenic and abiogenic carbonates)
and siliceous substrates (sensu lato; biogeniahmtenic silica, silicate minerals and
rocks, siliciclastic rocks). This argument is grdad on the fact that for the majority of
bioerosion ichnospecies, the presence of calciwergps the mode of penetration
(chemical and mechanical versus mechanical onlg)tlams, behaviour. Amber is a
hard, fossil resin, soluble in acetone or tolueme @ssential oils. These properties are
not shared by common xylic substrates, a term dezlun the current diagnosis of the
ichnogenuderedolites (Kelly and Bromley, 1984; Kz and Mikulas, 2006). The term
“xylic”, refers to the classical Greek "xylos" (=owd) for this reason amber cannot be
considered a xylic substrate, but a substanceetefrom it. Amber is an organic multi-
compound product of the polymerisation of the redidifferent higher plants. Its
composition of carbon (78.8%), hydrogen (10.2 %@ axygen (11%), is similar to
wood (average composition of 50% carbon, 42% oxy§e&nhydrogen and the
remaining 2% nitrogen and other elements).

Furthermore, amber derives from wood, althougtediffy from it in structure, lacking
the fibrous architecture. Consequently, Wisshal.g2019) considered amber within
the category of xylic substrates in the senseitligia wood derivative, just like seeds.
In support of this line of reasoning, we here artinat (1) amber is a product of a tree,
(2) amber (former resin or its precursor, copaly e found in and on wood, and (3)
there are individuals dfferedolites that pass through wood and amber as it is theafase
a slab of Burmese amber from the Patrick Mulletemtion. This piece was not
available for study because it is on display ataimder exhibition at the Stuttgart

Natural History Museum (P. Muller, pers. comm., t58018).
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For this reason, we include amber as a substaroeed from a xylic material
(wood), similar in composition, but not in struaur

Bromley et al. (1984) and Bromley (2004) discusthedaffinities and
differences betweeBastrochaenolites andTeredolites, justifying their taxonomic
separation based on the different principal kindudistrate involved. The authors also
established the ichnotaxobases to discriminaténbechnogenera, proposing to keep
the naméeleredolites for xylic substrates an@astrochaenalites for lithic ones. The
majority of authors (e.g., Kelly and Bromley, 1984ikulas, 1993, 2006; Mikulas et al.,
1995; Lavigne, 1999; Buatois et al., 2002; Gingreal., 2004; Ferrer and Gibert, 2005;
Bertling et al., 2006KtiZ and Mikulas, 2006; Buatois and Mangano, 2015t8is et
al., 2016; Minter et al., 2016) have acceptedphigpposal. As amber is genetically
related to trees, traces made on it could be ceresildas belonging to theredolites
ichnofacies. Nevertheless, Kelly and Bromley (1984d Savrda et al. (1993), did not
consider amber in woodgrounds. By assigning boningsnber toleredolites, Villamil
and Hasiotis (1993), implicitly accepted amber agle-related substrate. In addition
to this, the material presented here shows not thie yypical morphology of. clavatus
but also the ichnofabrics developed (Figs. 2C-E,GB1A-C).

In contrast to this traditional view, Donovan andi (2018) considered all
types of substrate a poor ichnotaxobase, and tkmy@ify this by the case of clavate
borings commonly produced by bivalves across satestypes. They consider
Gastrochaenolites morphologically indistinguishable froiferedolites, and thus
synonymise the two ichnogenera, giving prioritydastrochaenolites. There is little
doubt that Donovan and Ewin (2018) were right comog the given morphological
similarity of Teredolites andGastrochaenolites. By synonymising them, they employ

the exception (i.e., a boring crossing differeristate types) to ground a rule upon
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(.e., rejecting substrate as suitable ichnotaxeha@&ven though most of the bioerosion
traces and the respective ichnotaxa are restriotadspecific type of substrate. On the
other hand, Carmona et al. (2007) identifigaktr ochaenolites-like traces in
unconsolidated substrates and consequently advbttetethe ichnogenus
Gastrochaenolites should even be extended into the bioturbatiomreal

However, there is general agreement, as alreadgesgd in the first workshop
on ichnotaxonomy (WIT) held on Bornholm, Denmankg an Krakéw and Tymbark,
Poland, that substrate is essential to distingoishows and borings of identical
morphology. This view was published by Bertlingakt(2006) who recommended to
keep trace fossils found in the principal typesitbfc, woody and soft substrates
separate regardless of morphologic similarity {dentity). Subsequently, Hépner and
Bertling (2017) argued that osteic substrates shbelregarded as another distinct type
of substrate, and most recently, Wisshak et alLlg2Qdivided lithic substrates into the
calcareous and siliceous substrate categories.anénfollow the perspective that
substrate is an important and valid ichnotaxobaasicularly on the ichnogenus level,
and in due course retaireredolites andGastrochaenolites as separate ichnogenera,
despite them sharing a common morphology. Alsoheare follow Donovan (2018)
who established the ichnogemysectoichnus for the long, slender forms, usually
parallel to fibres, now represented by the typaadpecied. longissimus.

Apart from this purely ichnotaxonomical reasoning, see clear advantages of
keepingTeredolites andGastrochaenolites as separate ichnogenera, in thetedolites
lends its name also a distinct substrate-contraylpd of ichnofacies, while
Gastrochaenolites can appear in both th& ossifungites firmground ichnofacies, as well
as of thelrypanites hardground ichnofacies, being most frequent indtter. In

addition, Teredolites as a woodground boring is primarily related tohkebivorous
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search for food (fodinichnion), while hardgroundibgs are commonly produced for
protection (domichnion), produced by organisms vehogphic type is suspension
feeding (MacEachern et al., 2007; Buatois et 8l1,63. These are not ichnotaxonomical
arguments, but palaeoecological ones, but theynda shat often more information is
attached to an ichnogenus than just the pure shapd we would lose this gain of

information when restricting ourselves to alone.

5. Potential trace-makersof the amber borings

Fortunately, in the Mexican and Burmese amber,ispats of bivalves have
been preserved to allow an adequate systematio@aprThus, all of them exhibit the
characteristics of the family Pholadidae (Kenneidy4), subfamily Martesiinae Grant
and Gale, 1931, specifically with the gemdartesia Sowerby, 1824. Although its
conservation is good, there is no record of thelasf the valves, which means a
particular handicap when establishing systemagcipions at a specific levé¥artesia
is the oldest known genus of Pholadidae, occuirnrige Carboniferous (questionably)
and from Jurassic to Recent (Turner, 1969). AdwkMan specimens (Late Oligocene—
Early Miocene) show the mesoplax broadly oval (), and flat, similar to a cushion
with the metaplax and hypoplax pointed or truncgtesteriorly (Fig. 8D, F, G). Palmer
and Brann (1965) refer to several references fvtartesia for the Paleocené/artesia
Gardner, 1935) and Eocerid.(elongata Aldrich, 1886),M.?laredoensis Gardner,
1923,M. recurva Aldrich, 1921 M. texana Harris, 1895) from eastern and southeastern
of the United States. Kennedy (1974) also describéde West American Cenozoic
deposits, the existence of two Eocene specidaofesia, M. meganosensis Clark and

Woodford, 1927 anill. (Particoma) tolkieni Kennedy, 1974. The latter differs from
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Martesia by the presence of a non-bifurcate metaplax apapiax, and by the shape of
the mesoplax.

All these Paleocene-Eocene species display exterogdhological
characteristics (for more details see Turner, 18&9nedy, 1974) that are different
from those observed in their Oligocene—Miocene tenparts.

Other Pholadidae with this stratigraphic range tmaaccording to Turner
(1955),Barnea Leach in Risso, 182®arapholas Conrad, 1848Jouannetia Des
Moulins, 1828 an&ylophaga Turton, 1822. HoweveMartesia differs from these
related genera by the presence of the mesoplagptat hypoplax, funnel-shaped pit
below the umbonal reflection, and complete callamadult specimens. The umbonal-
ventral sulcus and its corresponding ridge is thig cadial division of the shell (Fig.
7B).

In the case of the Cretaceous Burmese specimensgyodividuals showing
the typical large pedal gape (Figs. 7B, 8C, E)esent the most common. Adult
individuals have a subtriangular mesoplax, poitecards the anterior part and
rounded towards the posterior one. Kennedy (19Y4)d review on the Cretaceous
Pholadidae of North America only identifies the geOpertochasma Stephenson,
1952, andXylophagella Meek, 1864 with a genu$urnus Gabb, 1864 of uncertain
systematic position. All of them are also of veiffetent morphologies ttMartesia.

The current species Martesia, M. (Martesia) striata Linnaeus, 1758 anil.
(Martesia) fragilis Verrill and Bush, 1898, show apparent differencethe mesoplax,
which is nearly circular, and inflated in the adgpecimens and semicircular in the
young of the former, while it is concentrically §mured in the latter.

For all these reasons, and taking into accounlinthiations for the observation

of the internal structures of the valves, it issidered appropriate to classify the



445 specimens of Cenozoic amberMartesia sp. 1 (made up of adult specimens) and those
446 of Mesozoic amber ddartesia sp.2 (includes young and adult specimens). Inatier
447 case, according to Crampton (1990), an in-deptieweis necessary for Mesozoic

448 Pholadidae.

449 This implies that in this cas@eredolites can be associated with the work of
450 martesiine bivalves (also see Smith and Ross, 20h#) striations and ring structures
451 indicate that the producer owned a rugose sculiongarly to Martesia. This is not

452 characteristic of other bivalve borers sucl@astrochaena, which is a frequent

453 producer ofGastrochaenalites.

454 Boring cycle ofMartesia (Ansell and Nair, 1969) comprises first the reti@ac
455  of the shell to the base of the boring, and secthedabrasion of the boring margin by
456 movements of the shell caused by a single consecadintraction of each of the

457 adductor muscles. On the other hatyokctoichnus longissimus (formerly Teredolites

458 longissimus) has been classically associated with boring besbf the family

459 Teredinidae (e.gTeredo, Nototeredo, Bankia, see Savrda and King, 1993; Gingras et
460 al., 2004; Kiz and Mikulas, 2006) and xylophagaines (Evansgl9bhe coexistence
461 of both ichnospecies in the same layers, with araeminance of. clavatus, seems to
462 indicate colonisation of the substrate with a ssaddehaviour (domichnion). Some of
463 the factors that influence the form of the boriags the density of colonisation and the
464 degree of substrate compaction (Evans, 1970; Layig®99). For this reason,

465 morphological differences observed in the boringsdae to the isotropic nature of
466 amber (Mexican, Lebanese and Burmese amber) vigsstancentric structure in layers
467 (Spanish amber), rather than to the type of bel@abthe producers. It must be taken
468 into account that in some cases, as in the Mexaaaler, borings are compressed and

469 thus appear very closely spaced. This indicatastieeamber was plastically deformed
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or compressed after the traces had been produs@ts@observed in the Burmese
amber (Smith and Ross, 2017). A reason for theelencupation of the amber is the
gregarious larval behaviour bfartesia (and Martesiinae in general) when lighted,
sciaphilous larvae prefer to settle on the undersichorizontal surfaces
(Nagabhushanam, 1959). It should be noted thavmgtmartesiine bivalves seem to be
potential trace makers, but also amphipods andwasopod crustaceans (Bromley,
1970). However, the borings of the isopods havaiehntarger diameter (2-3 mm), and
their tunnels are much longer (up to 10 cm) and terbe arranged en-echelon. Their
course usually follows the direction of the wodardis until they hit another boring or
until they return to the wood-water or wood-aireiriaice (Gingras et al., 2004). On the
other hand, amphipods (represented by Cheluridae)saially associated with isopods
of the genudimnoria (Coleman and Renz, 2009). This causes the chsltaidnlarge
the burrows initiated by the limnoriids (Thomas723

Further comparisons can be made with some of tire mrdess elongated
clavate borings produced by insects, since theékeogods have been found fossilized
in the amber of the studied sites (Grimaldi etz002; Perrichot, 2004; Pefalver and
Delclos, 2010; Azar et al., 2003, 2010). Howevserdascribed by Kz and Mikulas
(2006), the ichnogenersnobichnium Linck, 1949 (see also Rajchel and Uchman,
1998),Carporichnus Genise, 1995 andocavum Buchholz, 1986, differ significantly
from Teredolites, since they are both more asymmetrical and cyitiati(Anobichnium
case) or have radial tunnefSaf porichnus) or are much larger and show slightly
different shapeEocavum).
6. Taphonomic model

On the base of the rich available material of bddadnese amber, we propose a

general taphonomic model (Fig. 9), explaining theaus observed and hypothetical
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modes of preservation of pholadids and their baringamber. Our model predicts that
the pholadids bored into a living, resin-secretieg, which was at least periodically
immersed in seawater. In the first phase, pholadrthgs in wood with both valves
preserved in situ were variably filled with sedihenremained unfilled (Fig. 9A) (it is
noteworthy to mention that the disarticulated valeéthe bivalves generally remain in
place within the boring because their size (ifctt@xceeds that of the boring aperture).
In the next stage, fresh resin fills the empty spaithin the borings or seals the borings
at the level of the wood surface (Fig. 9B). Subsedly, while the resin hardens, wood
and other organic remains may gradually decay @J. In the final stages, wood is
replaced by subsequent episodic flows of resinclvhiter hardening may repeatedly
be bored by pholadids (Fig. 9D). The final ressilan amber slab showing borings
including preserved pholadid body fossils, presgémweod remains, borings completely
or incompletely (geopetally) filled with sedimemtdaborings neither filled with resin

nor with sediment, encapsulated by a final flowesin (Fig. 9E).

7. Palaeoenvironmental setting

Teredolites andApectoichnus are considered indicators of marine to marginal
marine environments (e.g., Breddin, 1935; Philipg ®ehrli, 1936; Bradshaw, 1980;
Bromley et al., 1984; Urreta, 1987; Arua, 1991;@ay 1991; Mikulas, 1993; Gingras
et al., 2004; KiZ and Mikul4s, 2006; Savrda et al., 1993; Mikwgéal., 1995; Lavigne
et al., 1998; Pirrie et al., 1998; Obata, 2000)wkeer, occurrences dkredolitesin
deep-sea sediments are also noticed (e.g., TUr@®é8). Other authors linked the
presence of these trace fossils to marine transigres (Philipp and Wehrli, 1936;
Panos and Skacel, 1966; Bromley et al., 1984; Saw@b1; Savrda et al., 1993).

Teredolites in allochthonous logs, usually indicate a transiéil environment between a
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truly terrestrial and a marine-influenced settiag(, Ferrer and Gibert, 2005).
However, deep-sea occurrences are also presentifelgnan, 1995).

In the Columbian amber, the specimens appear atedavith driftwoods,
which have been interpreted by Villamil and Hasi¢i993) as indicators of
transgressive pulses that would cause the floodliregforested coastline, as well as the
drift towards the basin of potential xylic substsatMost probably, this is the most
plausible explanation, since only a few represergsatof Martesiinae are able to
withstand brackish water, in such a way that afteradvance of the sea into coastal
forests the juveniles died when the salinity desedaagain.

On the other hand, and according to the previotisoas, smallTeredolites
could represent young populations that ceaseddgittking of the woods in oxygen-
poor waters. Another alternative explanation far davarfing of the population would
be their production in an environment whose oxyg@mtent was quite low. It is also
possible that both wood and amber can be trangpbidm rivers into the sea, can float
in saline water and later deposited.

The presence dApectoichnus andTeredolites in the Spanish material indicates
an episode of marine influence during the depasitibthis member, initially consisting
of freshwater swamp deposits (Querol et al., 1998rh a transgressive pulse would
entail the transition from terrestrial conditionstide-influenced ones. In a first phase
(Fig. 10A) boring bivalves colonised the externaiface of the amber looking for
dwelling (T. clavatus). Subsequently, a new layer of amber covered tbequs one,
repeating the colonization process. Finally, adtlaind last layer covered the previous
ones, with the installation @pectoichnus longissimus together withT. clavatus (Fig.

10B-E). A slight further transport eroded the antil prior to its final burial.



544

545

546

o47

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

Nevertheless, the reworking of amber pieces anerbsion under fully marine
conditions and deposition elsewhere cannot be ruledin this case, amber-bearing
beds would only indicate a marine source near acs@nd time. It is important to
emphasise that the presence of these isolatedspilees not necessarily indicate a
marine influence, especially if it is shown to hareallochthonous origin. Therefore,
the appearance d&redolites andApectoichnus in amber does not prove a marine
deposit, but a derivation from a marine source oméxt to the area where they appear.
A similar interpretation has been held by JahnleRiidner (2004) for the Baltic
amber. According to these authors, this amber cbealttansported by streams and
rivers from the resin-producing “amber forest” ith@ Oligocene river delta and the
nearby shallow sea.

The French amber deposits are interpreted as @ads#indy environment
(Perrichot, 2004), probably in arid conditions witla predominantly warm and humid
climate (Frakes, 1979; Jenkyns et al., 1994; Fer2@x1). In addition, Girard et al.
(2008) found various marine microfossils that wer@bably introduced by wind, spray,
or high tide from the beach or the sea onto thia féswvs of the coastal mixed forests
dominated by conifers. Truncated borings on théases of amber pieces suggest
abrasion during transport, and deposition.

In this way, French and Spanish amber borings sedrave been produced in
forests growing very close to the sea beach iméasi analogy to what happens today
in araucaria forest in New Caledonia (Nel pers. moyor in SE Asia (Schmidt et al.,
2018).

The Cenomanian amber of Salignac (Alpes-de-HautgePice) is found in deep
marine palaeoenvironment, with ammonites and magpgles (Nel pers. obs.). It was

produced some kilometres away, thus amber canrdomfa its production area into
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sea. A similar fact is reported by Yu et al., (2DitOthe Burmese amber, where they
found the presence of an ammonite together withmaayastropods, intertidal isopods,
and diverse terrestrial arthropods.

Martesia striata can tolerate low salinities in mangrove forestg.(&Singh and
Sasekumar 1994; Sivakumar and Kathiresan 1986k et al., 2015). Smith and Ross
(2017) concluded that resin-producing trees gresy glse to an environment in which
the pholadid bivalves lived, possibly a brackishex#ay or inlet. In a similar context,
Martesia is known to bore into living mangrove roots inimdnd Australia,

(Dharmaraj and Balakrishnan, 1981; Santhakuma@83;1Brearley et al., 2003).
However, keeping in mind that mangroves did noteyést in the mid-Cretaceous, the
increasing record of marine biota preserved in Bagene.g., Xing et al., 2018) and
Mexican amber (Huys et al., 2016), suggests coastanp habitats which were
regularly flooded by sea water. In this line, Maale (2018) mentioned that the shape
of the Burmese amber suggests that it has not to@esported over long distances, and
the amber-producing plants grew not far from thacbeor just by the sea. Amber
would be deposited with debris from marine orgassisamd some pholadid bivalves
could bore into its surface during the relativedpt exposure time. On the other hand,
shallow water environments with plants, resin, eowts decomposing in the sea or on
the beach near a forest could also be adequate.

The Mexican amber is associated with a sequeno®aadhe calcareous
sandstones and silt with beds of lignite (Poin@882). According to Langenheim
(1995) and Sol6rzano Kraemer (2010), it represamizastal setting with resin-

producing trees similar to the Burmese amber.

7. Conclusions
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The studied amber samples ranging in age from Eadyaceous to Miocene
show bivalve borings. As amber and similar solglime have to be considered as a
derivative of xylic substrates. The borings arduded inTeredolites clavatus
Leymerie, 1842 an@pectoichnuslongissimus (Kelly and Bromley, 1984). To this end,
the diagnosis of both ichnotaxa was reviewed artthtgal. It is proposed to maintain
the type of substrate as a valid ichnotaxobasd@egcludeGastrochaenolites from
borings in xylic substrates. The palaeoenvironmesigaificance (trophism,
ichnofacies) of these ichnotaxa is thus maintaidechechanical production process is
deduced from the presence of bioglyphs in most &snpnd its production is related to
pholadid bivalves, specificallylartesia sp. 1 for Cenozoic amber aNthrtesia sp. 2
for Mesozoic, respectively, which are found in sitside borings in the Mexican and
Burmese amber. The palaeoenvironmental conditextept for small differences, can
be summarised in a context of a forested or marshgt, where the amber-producing
plants grew close to the sea, with occasional margressions or at least seaward

riverine transport.
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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).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Figure Captions

Fig. 1. Schematic drawing Oferedolites boring with the parameters used in its
description. L: length (L); Wp: width in the proxahregion; Wd: width distal or
maximum diameter of the chamber.

Fig. 2. General view of amber specimens. A) On the righd,asal view of the
internal mould ofT. clavatus. (ALTC-01. Lebanese amber. Early Barremian). Sbale
5 mm. B) An isolated specimen ©fclavatus. ( ALTC-02from Lebanese amber).. Scale
bar: 5 mm. . C-E) side views showing a completegenahere the three amber layers
containingT. clavatus andApectoichnus longissimus can be appreciated. (MPZ
2017/571 to MPZ 2017/726. Spanish Amber. Earlydi@dilbian). Scale bar: 10 mm.
(.). F) Schematic drawing indicating the positidiTeredolites andApectoichnus. Scale
bar: 10 mm. G-I) One piece and two shards of Spaamsber with borings. G-Hi).
clavatus. G) (MAP-7594. Early-middle Albian). Scale bar: ton.-. H)(MAP-7595).
White arrow shows an incomplete sectiorofongissimus. I) (MAP-7596). Scale bar
for H-1: 2 mm.

Fig. 3. Longitudinal and cross-sectionsTdr edolites clavatus. A-F. (MPZ 2017/573 to
MPZ 2017/575. Spanish Amber. Early-middle Albiai).In the external layer, filled
by clayey sediments. Scale bar: 2 mm. B) Boringsedly packed in the intermediate
layer. (MPZ 2017/576 to MPZ 2017/626). Scale banr. C) The internal layer is
showing a longitudinal section. (MPZ 2017/627).I18d¢zmr: 5 mm. D) Detail of the
white box of figure 3. Scale bar: 5 mm. E-F. Londinhal sections. E) (MPZ 2017/571-
572). Scale bar: 2 mm. F) (MAP-7594). Scale banm. G) General view OF.

clavatus (MNHN.F. A70081. French amber. Albian). Scale tamm. H) Detail with

three borings showing the margins entirely covevél a thin, white lining. (MNHN.F.
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A70078). Scale bar: 5 mm. 1) Another detail withclavatus slightly overlapping.
(MNHN.F. A70078). Scale bar: 5 mm.

Fig. 4. A) General view of Burmese amber (In.20205. Alb@@nomanian). Scale bar:
10 mm. B) General view of Mexican amber. The baiage located on the periphery of
the sample (white arrows). (Not signed. Mr John B&@ private Collection, London.
Late Oligocene-early Miocene). Scale bar: 10 mmE@)nly spaced. clavatusin
Burmese amber. (In.20205). Scale bar: 2 mm. D-EeX_eeplica of French amber.
Albian. D) General view. (MNHN.F. A70078). Scaleb®0 mm. E-F) View of the
lateral and rounded basal moulds. (MNHN.F. A7008tple bar: 5 mm. G) SEM view
of the transverse ridges (black arrows) insidelavatus from Spanish ambemnd
interpreted as xenomorphic structures. MPZ 2017/58@le bar: 100 pm. H) SEM
view of fine longitudinal grooves (white arrows}yide the boring from the previous
specimen and that could be interpreted as micrghgbis. Scale bar: 100 pum.

Fig. 5. A) Xenomorphic ridges and grooves (white arrowsthie distal region (basal
part) of T. clavatus. (MPZ 2017/575. Spanish amber. Early-middle Alpi&ctale bar: 1
mm. B)T. clavatus with chevron-like pattern of striae in the bagajion (white arrows)
and transverse, uneven striae (black arrows). Mexaenber. (Not signed. Mr John
DeCosta private Collection, London. Late Oligoceaely Miocene). Scale bar: 1 mm.
C) Close-up of a set @fpectoichnus longissimus. (MPZ 2017/716-719. Spanish amber.
Early-middle Albian). Scale bar: 1 mm. Bphematic diagram of the previous picture. -
E.L: External layer, IL: Intermediate layer. Grapjlar: filling. E) Close-up view of the
linings (white arrows) around the wall and the neck. longissimus. MPZ 2017/719.
Scale bar: 500 pum.

Fig. 6. Schematic diagram illustrating the characteristicseredolites clavatus and

Apectoichnus longissimus in the Spanish amber (MPZ 2017/571 to MPZ 2017/.726
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Fig. 7. A) Martesia sp. 1 inside its boring. mt: metaplax, ms: mesqggi@: hypoplax;
ur: umbonal reflection, pr: prora, d: disc, s: siglcpg: pedal gape. (Mexican amber, not
signed. Mr John DeCosta private Collection, Londate Oligocene-early Miocene).
Scale bar: 2.5 mm. B)lartesia sp. 2 inside its boring. (Burmese amber, In 20205.
Albian-Cenomanian). Scale bar: 2.5 mm.

Fig. 8. CT scan of bored Burmese amber slab (FEBHQJIW. Jérg Wunderlich
private collection, Hirschberg, Germany. Cenomanveath bivalves preserved in situ.
A) side view. B) view from above. C) View from balawvith a larger magnification. D)
Typical cluster or “bundle “oMartesia sp. 2. E) Three articulated young specimens
seen from below. Fm: flat mesoplax; pg: pedal g&pé). Lateral, dorsal, ventral and
anterior view of aMartesia sp. 2 specimen. K-L) Lateral views of youligrtesia sp. 2

specimens. All Scale bars: 5 mm.

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

their borings observed in Burmese amber. Furthplagations see text.

Fig. 10. An idealised sequence of the bioerosion procetisilspanish amber ball.
(MPZ 2017/571 to MPZ 2017/726. A) Initial state gmdduction ofTeredolites

clavatus. B) Occurrence of later amber coating the initiatings and installation of a
second generation dkredolites. C-D) Complete development of the previous phase
and coverage by a third layer of amber with theeapgnce oRpectopichnus

longissimus together withT. clavatus. E). Final state after erosion.



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 ] o
BuB 1512 Pa.trlck Mlillller‘
BuB 1133 private collection

BuB 1551 [  (Késhofen,
BuB 1550 Germany)

BuB 1549
F3091/BU/CIW ]
F2854/BU/CIW
F3050/BU/CIW
F 3049/BU/CIW
F2855/BU/CIW
F2858/BU/CIW |  10'8
F2gse/BU/Ciw | Wunderlich
F2857/BU/C)w | Private
F3052/8U/Cow [ collection
F3051/BU/Ciw | (Hirschberg,
Germany)
F3043/BU/CIW
F3048/BU/CIW
F3045/BU/CIW
F3047/BU/CIW
F3046/BU/CIW
F3044/BU/CIW |




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

Pefialver et al., 2007

MPZ 2017/571 to MPZ 2017/726
Paleontological Museum, University
of Zaragoza
MAP-7594 to MAP-7596, Dindpolis
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 (\.Nldth Wd .(Wldth . MeanlL/Wd
proximal) distal) (Length)
minimum 3.0 8.7 12.0
Mexico maximun | 4.2 9.6 19.2
(n: 18)
mean 3.3 9.4 17.4 1.9
Columbian Andes mean 0.4 0.6 3.0t02.0
(n: 98)
minimum 0.2 0.5 0.8
“{':a;;’l?r maximun 1.1 2.6 4.2
mean 0.6 1.6 2.7 1.6
minimum --- 0.9 1.8 -
I(:r:ar;(’ij maximun --- 3.5 4.0 -
mean --- 2.2 2.9 1.3
. minimum 0.4 0.3 2.1
szalznl maximun 1.9 2.6 6.0
(n: 221) mean 11 15 3.6 2.4
minimum --- 2.6 -
Lebanon maximun 25 5.6 8.1
(n:2)
2.5 4.1 8.1 1.9
Apectoichnus longissimus
minimum 04 0.7 2.4
Spain maximun 0.7 1.6 9.5
(n: ) mean 0.6 1.1 5.8 5.27
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Highlights

* The existence of boringsin 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 boringsin this type of substrates should be included in Teredolites.

* The separation between Teredolites and Apectoichnus is confirmed.
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