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Abstract

Chilopoda, part of Myriapoda, is a species-rich group of 
~3300 formally described species. Yet, the phylogenetic 
relationship of centipedes is not fully clear, and the scarceness 
of their fossil record, compared to the closely related 
Diplopoda, is a major challenge for understanding their 
evolutionary history. Within Chilopoda, Lithobiomorpha 
is one of the most problematic concerning its fossil record, 
so far restricted to the Cenozoic (~40 mya) and with a 
single lithobiomorphan-like specimen from Kachin amber 
(~100 mya). Here, we report three new exceptionally well-
preserved lithobiomorphan specimens from Myanmar 
amber (~100 mya). These represent the first report of oldest 
representatives of Henicopidae from the Cretaceous, and 
with this the oldest definite record of Lithobiomorpha. Two 
specimens have ten pairs of walking legs (stage IV), and one 
has a fully developed trunk. These specimens are similar 
in many aspects to the extant group of Henicopidae and, 
more precisely, to Lamyctes Meinert, 1868. The specimens 
seemingly lack ocelli, exhibit ~14 (stage IV) and 24 antenna 
articles, have 2+2 coxosternite teeth, and present tooth-like 
setae on their coxosternite margins (=porodont). The fully 
developed specimen possesses a tibial spinose projection 
on each tibia of legs 1–11, a blunt projection on the tibia 
of leg 12, and undivided tarsi on their legs 1–12. With the 
finding of these specimens, we expand the fossil record of 
Lithobiomorpha significantly.

Keywords: Kachin amber, Burmese amber, Cretaceous, 
Henicopidae, Lamyctes

introduction

Myriapoda is a group of soil-dwelling animals with a series 
of sub-similar appearing trunk segments, each (or most) 
carrying a pair of walking appendages (Moore 2006). 
The phylogenetic relationships of Myriapoda with other 
ingroups of Euarthropoda, as well as the relationships of 
the major ingroups (Symphyla, Pauropoda, Diplopoda, 
and Chilopoda) have been debated for a long time (Hwang 
et al. 2001; Harzsch 2006; Harzsch et al. 2007; Shear & 
Edgecombe 2010; Fernández et al. 2016; Benavides et 
al. 2023). Representatives of Myriapoda play important 
ecological roles as detritivores (Pauropoda, Symphyla and 
Diplopoda), for instance by increasing leaf decomposition 
rate (Attignon et al. 2004), and as predators (Chilopoda; 
Poser 1988). They can also be used as great bioindicators 
since they are highly affected by habitat characteristics 
(Schreiner et al. 2012; Madzaric et al. 2018; Menta & 
Remelli 2019).
 Despite extensive studies on Myriapoda, the group is 
still understudied, and its expected biodiversity is higher 
to what has been previously investigated (Decaëns et al. 
2006). In general, soil-living animals seem much more 
diverse than anticipated (“Enigma of soil biodiversity”; 
Anderson 1975). Also, certain ecosystems, such as soils 
and caves, remain understudied, and in these ecosystems, 
little is known concerning the species richness of 
Myriapoda, each new expedition in caves revealing the 
presence of novel species (Chagas-Jr & Bichuette 2018; 
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Stojanović et al. 2021; Zagmajster et al. 2021; Kos et al. 
2023). 
 Chilopoda, or centipedes, is characterised by their 
first trunk appendages, which are transformed into 
prehensile venomous claws (“forcipules”, “maxillipeds”; 
Bonato et al. 2010). Chilopoda is a species-rich group 
(~3300 species; Edgecombe & Giribet 2007; Bonato 
& Zapparoli 2011) and has five major extant lineages 
(Scutigeromorpha, Lithobiomorpha, Craterostigmus, 
Scolopendromorpha, and Geophilomorpha) and one 
major fossil group (Devonobius delta, Shear & Bonamo 
1988), while other fossils are likely representatives of the 
five major extant lineages. The phylogenetic relationships 
of these lineages were considered stable and well 
supported based on morphology, with Scutigeromorpha 
(Notostigmophora) representing the sister-group to all 
other lineages, grouped into Pleurostigmophora. Within 
Pleurostigmophora, Lithobiomorpha was considered 
the sister-group to the remaining lineages. Yet recently, 
with the development of genome-scale data and 
phylogenomic methods, this later relationship has been 
challenged, and two phylogenetic relationships stand 
out: 1) Lithobiomorpha as sister-group to Phylactometria 
(i.e., Craterostigmus + (Scolopendromorpha + 
Geophilomorpha)); 2) Craterostigmus as sister-group to 
Amalpighiata (i.e., Lithobiomorpha + (Scolopendromorpha 
+ Geophilomorpha)) (Edgecombe 2007; Edgecombe & 
Giribet 2007; Edgecombe 2011a; Fernández et al. 2014; 
Wolfe et al. 2016; Fernández et al. 2018; Benavides et al. 
2023). 
 Modern centipedes live in soils (Voigtländer 2011), 
caverns (Stoev et al. 2015; Chagas & Bichuette 2018) and 
even aquatic habitats (Binyon & Lewis 1963), ranging in 
size from a few millimeters (i.e., Dinogeophilus; Bonato 
et al. 2015) up to 300 mm for Scolopendra gigantea 
(Gonzalez et al. 2000). Centipedes are opportunistic and 
generalist feeders (Günther et al. 2014), that can easily 
switch their prey preferences when detritivores are less 
available (Klarner et al. 2017). Their range of predation 
is wide: they can prey on spiders, insects and even other 
centipedes (Juen & Traugott 2007; Voigtländer 2011; 
Eitzinger et al. 2013; Günther et al. 2014), as well as 
small vertebrates such as frogs (Folly et al. 2019), lizards 
(Deimezis-Tsikoutas et al. 2020) and bats (Molinari et al. 
2005). As representatives of Myriapoda play important 
roles in the modern fauna, we can expect comparable 
functions in the past. 
 Within Myriapoda, the number of fossils differs 
tremendously between the ingroups, with a strong bias 
towards Diplopoda, and with Pauropoda and Symphyla 
being extremely rare (Shear & Edgecombe 2010). Yet 
also, the geological record of Chilopoda, i.e., that of 
centipedes, is scarce and mostly available in few books 
and studies (exhaustive references in Perrichot et al. 2007; 

Penney 2010; Shear & Edgecombe 2010; Edgecombe 
2011b; Edgecombe et al. 2014; Zhang 2017; Wesener & 
Moritz 2018; Ross 2019; Edgecombe et al. 2023) and are 
often not studied in detail (Pérez-Gelabert & Edgecombe 
2013). A suggested explanation of this rarity of fossils 
comes from their habitat and unmineralized exoskeleton 
reducing their fossilisation potential (Shear & Bonamo 
1990; Edgecombe & Giribet 2007).
 The oldest known fossil of centipedes is a 
representative of Scutigeromorpha (Crussolum; Shear 
et al. 1998) from the Silurian (~418 million years ago); 
the species is mostly known from leg fragments. Another 
fossil from the Devonian (~385 million years ago), 
Devonobius delta, from Gilboa, roots the minimum 
divergence of Lithobiomorpha from Phylactometria 
(being a representative of the latter; Shear & Bonamo 
1988). 
 Until recently, geological records of lithobiomorphan 
centipedes were thought to be restricted to the Cenozoic 
Era, when for the other groups older fossils have been 
described in the past (Shear & Edgecombe 2010). 
Yet, lithobiomorph-like specimens have been depicted 
(Zhang 2017), and just recently a new lithobiomorph-
like centipede from Kachin amber was reported (~100 
million years old; Haug et al. 2024). This new description 
challenged the previous “restriction” to the Cenozoic 
Era, but it was not possible to identify these specimens 
as unambiguous representatives of Lithobiomorpha 
due to many plesiomorphies, with no clear apomorphic 
characters preserved (i.e., Lithopendra anjafliessae, Haug 
et al. 2024).
 Here, we investigated three lithobiomorphan 
centipedes from Myanmar amber (~100 million years ago, 
Cretaceous Period), including one with a fully developed 
trunk. They are well preserved and almost complete. We 
discuss implications of these new findings.

Material and methods

Material
Amber pieces investigated in this study are from the 
Hukawng Valley (Kachin state, Myanmar). The Hukawng 
Valley lithology and amber-producing layers have been 
extensively studied in details, locality map figured (fig. 
3 in Cruickshank & Ko 2003; fig. 1 in Yu et al. 2019; 
fig. 1B, C in Xing & Qiu 2020) and sedimentary rocks 
and fauna have been estimated to be from the Cretaceous 
Period, precisely Lower Cenomanian (Rasnitsyn 1996; 
Grimaldi et al. 2002; Cruickshank & Ko 2003; Shi et 
al. 2012; Smith & Ross 2018; Mao et al. 2018; Yu et al. 
2019). The first amber piece is part of the Palaeo-Evo-
Devo research group collection of arthropods (Ludwig-
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Maximilians-Universität München, Germany), stored 
under the repository number PED 2964. It has been 
acquired legally on the trading website eBay.com from the 
seller burmite-researcher. Two centipedes are preserved 
in this piece, they are referred as PED 2964-1 and PED 
2964-2. The second amber piece is from the collection of 
one of the authors (PM) and is stored under the repository 
number BUB 4771.

Documentation methods
The studied ambers were placed in a plastic petri dish. 
In order to reduce optical deformation from curvature of 
the amber piece, a droplet of glycerol was disposed at 
the top of the amber piece covered by a glass cover slip. 
Documentation was performed under a Keyence VHX-
6000 digital microscope with coaxial cross-polarized light 
in front of a white background at different magnifications 
(300–500x). Sharp images were obtained with the built-in 
software of the digital microscope: stacks of images in 
different level of focus were recorded and fused together, 
the obtained sharp images were then stitched to obtain a 
panoramic image of each specimen. For better description 
and highlighting anatomic structures, images are then 
colour-coded using the software Adobe Photoshop CS2 
version 9.0 (9.0x211). Measurements were also done 
using CS2, with the built-in “rule” tool, rounded to the 
next 5 µm.

terminology and taxonomy
For describing the specimens, we followed the terminology 
of Bonato et al. (2010). Where possible, we implemented 
more neutral terms for better communication in squared 
brackets, and for a lay audience we implemented additional 
terms in round brackets. In general, communication 
within Euarthropoda is often hampered by too highly 
specialised terminology, which is especially problematic 
for wider-ranged phylogenetic and functional-ecological 
comparisons. We therefore see the necessity to provide 
different terminologies in parallel, allowing non-
specialists the access to the information, while also 
serving specialists. Species identification and description 
were done based on previous research (Brölemann 
1930; Archey 1937; Edgecombe 2001; Edgecombe et 
al. 2002; Stoev 2002; Edgecombe 2011a; Enghoff et al. 
2013; Iorio et al. 2022; GBIF.org 2023). Moreover, as 
suggested by Minelli and Sombke (2011) for consistency 
in the description of ontogenetic stages we follow the 
ontogenetic terminology of Voigtländer (2007).

Results

Description of PeD 2964-1
General morphology: Body with a fully developed trunk. 

Small individual with a body length of ~4.2 mm (Fig. 1A–
C). Trunk with sixteen well-apparent segments, bearing the 
pair of forcipules [maxillipeds; venom claws] and fifteen 
pairs of walking legs. Tergite of maxilliped segment 
slightly visible, 80 µm in length. Longer tergites: t1 (270 
µm), t3 (455 µm), t5 (525 µm), t7 (345 µm), t8 (555 µm), 
t10 (530 µm), t12 (555 µm) and t14 (430 µm). Shorter 
tergites: t2 (130 µm), t4 (180 µm), t6 (165 µm), t9 (165 
µm) and t11 (235 µm). An ultimate tergite (trunk end, te) 
of 180 µm length located on the intermediate segment. 
No posterior triangular projections. Tergites are rounded 
and bordered on their lateral sides. Along the tergites, 
longitudinal parallel rows of tiny setae are visible: two 
in the middle and one on each side of the tergites (in total 
four rows of setae).
 Head: Head dorso-ventrally flattened, slightly 
broader (530 µm) than long (510 µm). Presence of sulci 
[furrows] at the antero-ventral side of the head. Absence 
of ocelli (eyes) [lateral eyes] on dorsal and ventral sides 
as well as the Tömösvary organ (post-antennal organ). 
 Sensory organs: Two complete antennae [antennulae] 
of 1.5±0.11 mm length, both comprising 24 antennomeres 
(antennal articles; Fig. 1B). Antennae are inserted on the 
antero-lateral ventral side and carry hundreds of sensilla. 
Antennae are long and thin; reaching until the end of the 
anterior third of the trunk. The two proximal and distal 
antennal articles are longer in length, all others sub-
similar, consistently small, without alternation of length 
(in proximo-distal sequence: 2L, 21S, L) [long, short].
 Mouth parts: Labrum (clypeolabrum) [hypostome-
labrum complex] with four clypeal setae arranged in two 
parallel straight lines. Mandibles with at least three main 
teeth, the bristle structure was not available (Fig. 1D, 
E). Distal parts of second maxillae (“palp”, “endopod”, 
“telopodite”) visible, long and stout tarsal claw, plumose 
setae located on the third article (Fig. 1D, E).
 Forcipule segment: Two forcipules [maxillipeds; 
venom claws] made of five elements (Fig. 1D, E). 
Proximal elements (coxae) [basipods] of the two forcipules 
are conjoined into a massive coxosternite that presents a 
median diastema (small gap) and suture. The coxosternite 
is triangular, broader (425 µm) than long (260 µm). On 
the coxosternite, teeth are visible, they follow a (1)2+2(1) 
pattern, including a lateral filiform porodont (tooth-like 
seta) located on the coxosternite margins. Distal elements 
forming full rings. Sclerites lateral to the maxilliped 
continuous with thin sclerotisation posterior to the 
coxosternite (Fig. 1D, E).
 Walking legs: Fifteen fully developed pairs of legs, 
but the last pair of legs is incompletely preserved, as the 
further distal elements are outside of the amber (Fig. 1A–
C). Legs are incomplete, two are missing: the right leg 
2 and left leg 9. Legs 1–12 have seven elements (coxa, 
trochanter, prefemur, femur, tibia, tarsus and pretarsus), 
legs 13–14 have eight elements (coxa, trochanter, prefemur, 
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femur, tibia, tarsus 1, tarsus 2 and pretarsus), we expect 
the same number of elements for legs 15. In legs 1–7, all 
elements are of about the same length and width. From 
legs 8–13, increase in length of the femur and tarsus. Tarsi 
of legs 1–12 undivided, tarsi of legs 13–14 are bipartite 
(Fig. 1F; leg 13). Tibia is as long as each tarsomere (tarsal 
elements) of bipartite legs. Leg spurs encircling the legs 
are absent, but a spinose projection is present on tibiae 
of legs 1–11, and a blunt-projection on the tibia of leg 12 

(Fig. 1F). Legs seem to increase in length along the body 
segments as well as becoming much larger in size (Fig. 
1A–C). Pretarsus with claws, a single main claw and two 
accessory claws (anterior and posterior).

Description of PeD 2964-2
General morphology: Body is not fully developed. 
Specimen is small, measuring ~1.68 mm in length (Fig. 
2A–C). Along the body, eleven tergites are visible, one on 

FiGURe 1. PED 2964-1, lithobiomorphan centipede. A, Overview of the dorsal side. B, Colour-marked version of A. c, 
Overview of the ventral side. D, Close-up of head in ventral view. e, Ventral view of mouth parts with colour-marked structures; 
1 to 4 correspond to the elements of the forcipules. F, From right to left, leg pairs 10–12, arrows indicate the tibial projection. 
Abbreviations: at = antenna, cx = coxosternite, hc = head capsule, md = mandible, mx = second maxilla, t1–t14 = segments with 
walking legs 1–14, ti = intermediate segment.
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the segment bearing the pair of forcipules [maxillipeds; 
venom claws] and the other ten on the segments bearing 
the ten pairs of walking legs. They are seemingly rounded 
and bordered laterally, posterior projections of tergites are 
absent. A small tergite of 45 µm length is located at the end 
of the head capsule, dorsal to the forcipules [maxillipeds]. 
Longer tergites at t1 (140 µm), t3 (235 µm), t5 (505 µm), 
t7 (210 µm), t8 (220 µm) and t9 (180 µm). Shorter tergites 
at t2 (140 µm), t4 (100 µm), t6 (70 µm) and t10 (130 µm). 
Tergites are seemingly rounded and bordered laterally, 
except for t2 and t6, which are straight. 
 Head: Head dorso-ventrally flattened, slightly 
broader (~265 µm) than long (~225 µm). Absence of 
ocelli on dorsal and ventral sides as well as the Tömösvary 
organ. Seemingly absence of a median furrow.
 Sensory organs: Short pair of antennae [antennulae] 
of ~520 µm in length, comprising 14 elements, carrying 
hundreds of sensilla (Fig. 2B). Antennae are reaching until 
the fourth trunk segment. The two proximal elements and 
the distal element are longer than the remaining elements. 
Antennomeres (antennal articles) are seemingly following 
a pattern of two short elements interspersed by a longer 
element, at the exception of the proximal antennal article 
(in proximo-distal sequence: 2L, 3S, L, 2S, L, 2S, L) 
[long, short].
 Mouth parts: Labrum (clypeolabrum) [hypostome-
labrum complex] presents four setae that are arranged 
linearly, parallel to the mouth opening. Mandibles are 

unclear, and the bristle structure was not available (Fig. 3F, 
G). Maxillae visible, only a small fragment of the second 
maxilla (distal part, “palp”, “endopod”, “telopodite”), 
the terminal claw (pretarsus) and plumose setae are not 
visible (Fig. 3F, G).
 Forcipule segment: Two forcipules [maxillipeds; 
venom claws] made of five elements (Fig. 3F). The 
coxosternite presents a median diastema and suture. It 
has a trapezoidal shape, broader (~195 µm) than long 
(~105 µm) with (1)2+2(1) coxosternal teeth, including a 
filiform porodont on the margins. Distal elements of the 
forcipules are forming full rings. Sclerites lateral to the 
maxilliped continuous with thin sclerotisation posterior to 
the coxosternite (Fig. 3F, G).
 Walking legs: Ten fully developed leg pairs, with an 
additional pair of limb buds on the trunk end (Fig. 2B, 
C). Legs are tucked under the ventral side. Absence of leg 
spurs on all legs and presence of a tibial spinose projection 
on at least right legs 1 and 2 (Figs 2B, 3G). Tarsi of all 
leg pairs are unipartite. On all legs, pretarsus comprises a 
main claw with an anterior and posterior accessory claw. 

Description of BUB 4771
General morphology: Body is not fully developed. 
Specimen is small, with an average total body length 
of ~1.98 mm (Fig. 3A–C). Seemingly one tergite on 
the first trunk segment, i.e. segment bearing the pair 
of forcipules [maxillipeds; venom claws], followed by 

FiGURe 2. PED 2964-2, lithobiomorphan centipede. A, Overview of the ventral side. B, Colour-marked version of A. c, Overview 
of the dorsal side. Abbreviations as follows: at = antenna, hc = head capsule, lb = limb buds, sp = tibial spinose projection, t2–t10 
= segments with walking legs 2–11.
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twelve tergites indicating twelve segments, but only the 
anterior ten with pairs of walking legs; the two posterior 
segments bearing the two pairs of limb buds (Fig. 3B, C). 
Absence of posterior projections of tergites. Tergite of 45 
µm in length formed by the segment bearing the pair of 
forcipules [maxillipeds; venom claws]. Longer tergites at 
t1 (137 µm), t3 (237 µm), t5 (275 µm), t7 (285 µm), t8 
(235 µm) and t10 (195 µm). Small tergites at t2 (160 µm), 
t4 (125 µm), t6 (115 µm) and t9 (115 µm) and t11 (90 
µm). On the trunk end, a long tergite of 220 µm (t12). 

 Head: Head dorso-ventrally flattened, slightly longer 
(~310 µm) than broad (~265 µm; Fig. 3A–C). Absence of 
ocelli on dorsal and ventral sides as well as the Tömösvary 
organ. Seemingly absence of a median furrow. 
 Sensory organs: Short antennae of ~565 µm in 
length, comprising 13 articles. Antennae are reaching 
until the third trunk segment (Fig. 3B). The two proximal 
articles and the distal article are longer than the remaining 
ones. Antennomeres (antennal articles) seemingly do not 
follow any pattern, similar length of the articles, at the 

FiGURe 3. Lithobiomorphan centipedes. A–e, BUB 4771. A, Overview of the dorsal side. B, Colour-marked version of c. c, 
Overview of the ventral side. D, Head capsule and mouth parts, ventral side. e, Colour-marked version of D; 1–4 correspond to the 
forcipule elements. F, G, PED 2964-2, ventral view. F, Colour-marked version of G; 1–4 correspond to the forcipule elements. G, 
Head capsule and mouth parts, ventral side. Abbreviations: at = antenna, cx = coxosternite, hc = head capsule, lb = limb buds, md 
= mandibles, mx = 2nd maxillae, sp = tibial spinose projection, te = trunk end, t2–t12 = segments with walking legs 2–12.
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exception of the proximal antennal article (in proximo-
distal sequence: 2L, 10S, L) [long, short].
 Mouth parts: A piece of dirt blocks access to the 
mandibles and anterior part of the coxosternite (Fig. 3D, 
E). Labrum (clypeolabrum) [hypostome-labrum complex] 
presents four setae that are arranged linearly, parallel to 
the mouth opening (Fig. 3E). Maxillae are visible but a 
piece of dirt is blocking the access to more details.
 Forcipule segment: Two forcipules [maxillipeds; 
venom claws] made of four elements, that are forming full 
rings (Fig. 3E). It is trapezoidal, broader (~195 µm) than 
long (~95 µm). The coxosternites present teeth following 
(1)2+2(1) pattern, including a lateral filiform porodont at 
its margins. 
 Walking legs: Ten fully developed pairs of legs, 
tucked under the ventral side, with an additional number 
of two pairs of limb buds (Fig. 3C, D) Leg spurs are absent, 
but seemingly presence of a spinose projection on at least 
the left leg 7 (Fig. 3B). Tarsi of all legs are unipartite. 
On each leg, pretarsus composed of a main claw and two 
accessory claws (anterior and posterior).

Discussion

General information and preservation
The two amber pieces are well preserved, with only a 
small breakage point near the inclusion of PED 2964-1. 
Out of the three specimens investigated, PED 2964-1 is 
the most exceptionally preserved one. It does not seem to 
be crushed or flattened and presents almost all of its legs. 
Both amber pieces show a relatively low amount of dirt, 
allowing the access of detailed and precise morphological 
characters. 
 Representatives of Lithobiomorpha are usually 
differentiated into two major ingroups: Lithobiidae and 
Henicopidae. Previous investigations revealed that they 
share a similar developmental pattern (Andersson 1979), 
however Lithobiidae has been more heavily studied 
compared to Henicopidae (Minelli & Sombke 2011). 
Usually, after hatching they are going through five post-
embryonic stages (instars) in which segments are added 
(anamorphic phase), followed by multiple stages without 
segment addition (post-anamorphic phase, epimorphic 
phase). Notably, the number of post-anamorphic stages 
is not similar, and the number varies between species 
(Andersson 1979; Andersson 1984; Minelli & Sombke 
2011). 
 An important feature that can be used to infer the 
developmental stage is the presence of coxal pores (coxal 
organs) on legs 12–15. The role of the coxal pores is 
multifunctional (i.e., water intake, exchange of “ions”; 
Littlewood 1983). Their number is used for describing 

post-anamorphic stages of centipedes (Andersson 1984) 
as well as for species description. This character is 
particularly difficult to assess in fossils of lithobiomorphan 
centipedes, and even more in late-stage immatures; coxal 
pores start to appear at stage V, and they usually possess 
at that stage a single coxal pore on each coxa (Andersson 
1976; Andersson 1981; Andersson 1984). Similar to 
what has been found in previous studies on centipedes, 
accessing such a character proves to be too difficult (Haug 
et al. 2013; 2024). An additional important point about the 
three specimens: They are lying in a flat position within 
their respective amber pieces, which is good for accessing 
a lot of characters. However, due to the inaccessibility of 
the lateral side, identifying features such as the presence 
of eyes or the Tömösvary organ is impossible. We can 
therefore not clearly show if these specimens are blind 
with certainty. It could well be possible, as bulges, 
indicating eye structures, are not visible in any of them. 

General identity of PeD 2964-1
When looking back at the phylogenetic tree of centipedes, 
the first branch is that of Scutigeromorpha. Their habitus 
(seven visible tergites), antennal structure (i.e., long 
filiform flagellum), facetted eyes, slender forcipule 
elements are all very distinct from the remaining group of 
Pleurostigmophora (i.e., Lithobiomorpha, Craterostigmus, 
Scolopendromorpha, and Geophilomorpha). In the case 
of PED 2964-1, we were not able to find any of these 
character states. 
 Continuing within Pleurostigmophora, the forcipule 
elements of PED 2964-1 are very distinct from those 
found in the group Epimorpha (Scolopendromorpha + 
Geophilomorpha). In the latter group, distal part of the 
venom claws (without the coxa) is made of four elements, 
but the proximal and distal elements form a joint, leading 
to elements 2 and 3 not forming continuous rings (i.e., 
fig. 3.6 in Minelli & Koch 2011; Haug et al. 2014). This 
structure of four elements forming continuous rings is 
present in the two remaining groups Lithobiomorpha 
and Craterostigmus. These two groups are rather 
similar, but they are distinct in terms of 1) number of 
tergites (21 in post-anamorphic Craterostigmus and 15 in 
Lithobiomorpha); 2) 18 antennal articles in Craterostigmus 
and 3) representatives of Craterostigmus are presenting a 
process on the proximal forcipule elements. Overall, PED 
2964-1 does not share similar characteristics found in 
Craterostigmus. 
 Moreover, one of the most important characteristic 
available in PED 2964-1 is its number of legs (i.e., 15 
pairs of legs), indicating an anamorphic development 
instead of an epimorphic development. Epimorphan 
centipedes hatch with their final set of legs already 
developed (Minelli & Fusco 2013) and in higher number 
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(>15 pairs of legs). Since PED 2964-1 is presenting less 
than 21 tergites, it is very likely that this is a representative 
of Lithobiomorpha. When compared to previous studies 
from Andersson (1979, 1984), PED 2964-1 has a fully 
developed trunk, thus it could be at least a subadult (post-
anamorphic stage). Despite our best efforts, we are not 
able to precisely identify which post-anamorphic stage 
it is, since the coxal pores are not available. As stated 
previously, only two descriptions of lithobiomorph-like 
centipedes from the Cretaceous Period are available 
(Zhang 2017; i.e., Lithopendra anjafliessae, Haug et 
al. 2024), and only Lithopendra anjafliessae has been 
investigated in detail. Lithopendra anjafliessae and 
PED 2964-1 both share a lithobiomorphan habitus, but 
their lengths differ, L. anjafliessae being longer than 
PED 2964-1 (respectively 6.75 mm and 4.2 mm). The 
number of antenna articles is higher in PED 2964-1, but 
this feature could not be used as a precise character as 
antennae are incomplete in L. anjafliessae (≥19 antennal 
articles). Yet, they both share similar characters, first is the 
absence of spurs encircling their legs and their structure: 
articles are decreasing in length from the proximal to the 
distal article. Nonetheless, due to the last pair of legs in 
PED 2964-1 being truncated, we are not able to draw a 
final conclusion about their relatedness, it seems still very 
likely that PED 2964-1 is not another representative of L. 
anjafliessae. 
 Representatives of Lithobiidae and Henicopidae 
are living in same habitats (Decker et al. 2014), but 
representatives of Lithobiidae are more abundant in 
the northern hemisphere compared to Henicopidae, 
that are more abundant in the southern hemisphere 
(Bonato & Zapparoli 2011; Enghoff et al. 2013). Many 
morphological features have been used to differentiate 
representatives of Lithobiidae from those of Henicopidae: 
the latter are characterised by the absence of spurs on the 
legs, only a single pair of ocelli or being blind, continuous 

lateral sclerites of the maxilliped segment (Edgecombe 
et al. 2002) and a distal spinose projection that is at 
least present on the tibia of legs 1–11 in Henicopidae 
(Zapparoli & Edgecombe 2011). Out of the two ingroups, 
PED 2964-1 shares more similarities with representatives 
of Henicopidae and more precisely with the extant 
representatives of Lamyctes Meinert, 1868. 
 Representatives of Lamyctes occur all over the 
world (Enghoff et al. 2013). As they are an ingroup of 
Henicopidae, they present a distal spinose projection on 
the tibia of their legs 1–11(12), unipartite tarsi on legs 
1–12 and bipartite tarsi on legs 13–15 (Edgecombe 2001; 
Zapparoli & Edgecombe 2011; Shear 2018). The number 
of antennal articles in PED 2964-1 is also similar to extant 
representatives of Lamyctes, usually being at around 25 
antennal articles (24 in Lamyctes coeculus Brölemann, 
1889; up to 29 in Lamyctes africanus Porath, 1871). 
In addition, both share a coxosternite with 2+2 teeth, 
accompanied with one porodont on each margin of the 
coxosternite. A character that is often used to describe 
Lamyctes, and more generally Henicopinae, an ingroup 
of Henicopidae, is the absence of posterior projections of 
the tergites. 
 It is very likely that PED 2964-1 is an early 
representative of Lamyctes, but further reaching 
conclusions are difficult as Lamyctes is a group with 
high intraspecific variation (i.e., Lamyctes emarginatus 
Newport, 1844; Edgecombe & Giribet 2003). An 
interpretation of PED 2964-1 as an early representative 
of Lamyctes Meinert, 1868, is congruent with molecular 
dating with an estimated divergence between L. coeculus 
and (L. africanus + L. emarginatus) at around 132 mya, 
and the divergence of some representatives of Henicopidae 
around 190 mya (Murienne et al. 2010). Its interpretation 
as an early representative of Lamyctes makes it the first 
formal and earliest description of a lithobiomorphan 
centipede, but also that they retained very similar 
morphological features for ~100 million years.

TABLe 1. Development of legs in the post-embryonic instars of Lamyctes emarginatus from Andersson (1979, Table 2) 
including the three new lithobiomorphans from Myanmar amber.
Instars Pairs of legs Half-developed legs Limb buds
I 7 - 1 large
II 7 1 2 small
III 8 - 2
IV 10 - 2
V 12 - 3
Post-anamorphic 15 - -
PED 2964-1 15 - -
PED 2964-2 10 - 1
BUB 4771 10 - 2
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two post-embryonic instars—PeD 2964-2 and BUB 
4771
The two smaller specimens are relatively well-preserved 
but seem to be flattened due to the fossilisation. 
Furthermore, their legs are tucked under their ventral 
side, making it more difficult to access ventral features 
and leg features. First of all, it is clear that they both are 
post-embryonic stages of centipedes, but what are their 
developmental stages? Both are post-embryonic stages 
with ten pairs of legs, and the presence of respectively 
one and two limb buds in PED 2964-2 and BUB 4771. 
A number of leg pairs below 15 is a clear indication that 
they are anamorphic centipedes (Edgecombe & Giribet 
2007). Yet, in the case of PED 2964-2 and BUB 4771, 
they both possess ten pairs of legs, which is not present 
in any larval instars of Craterostigmus as they hatch with 
already twelve pairs (Edgecombe & Giribet 2007; Minelli 
& Sombke 2011), nor is it present in Scutigeromorpha 
(Verhoeff 1905; Minelli & Sombke 2011). A few 
apomorphic characters have been listed in the past for 
Lithobiomorpha (Edgecombe 2011a), consistent features 
that we identified are: four clypeal setae in front of the 
labrum and the presence of porodonts on the coxosternite. 
For BUB 4771, there is no ambiguity concerning its post-
embryonic stage as it shares similar features with stage 
IV lithobiomorphans: 1) ten fully developed leg pairs, 
and 2) two pairs of limb buds (Table 1; Andersson 1979; 
Andersson 1984). However, we only found one pair of 
limb buds for PED 2964-2. It could still be a stage IV 
immature, as a single pair of limb buds is probably an 
artifact from low resolution due to the small size (~1.68 
mm) and its legs being tucked over the ventral side. 
Concerning the number of eleven tergites (on segments 
of walking legs) found in PED 2964-2, the number is odd. 
At stage IV, a number of twelve tergites should be found, 
formed by the twelve trunk segments bearing walking 
legs (Bortolin 2010). Similar to the problem with the limb 
buds, the visibility of each trunk segment separation was 
tricky and unclear for PED 2964-2, this is also probably 
an artifact due to its small size.
 PED 2964-2 and BUB 4771 are very similar in 
length and morphologies, they share a relatively similar 
number of antennal articles (i.e., 14 and 13; Figs 2B, 
3B). The antennae of these two specimens seem to have 
pairs of shortened articles interspersed by longer ones, 
a characteristic formally described in a few groups of 
Henicopinae: Lamyctes, Analamyctes, and Henicops 
(Edgecombe 2001; Edgecombe et al. 2002). Nonetheless, 
the odd number of antennal articles found in BUB 
4771 is peculiar from previous study in extant species. 
Usually, stage IV lithobiomorphans possess 14 antennal 
articles (Andersson 1979), due to the small size of this 
individual and the ambiguity on the precise subdivision 

of its antennae it is possible that it is an artefact. Due to 
the one immature being preserved in the same piece with 
the larger specimen, a conspecifity of all three specimens 
seems quite likely.

Scarcity of lithobiomorphans in the geological record
The scarcity of the fossil record of Myriapoda is an ongoing 
problem since now a few decades (Kraus 1974). To this 
day, it is still surprising that lithobiomorphan centipedes 
are absent in the Palaeozoic Era and understudied in the 
Mesozoic Era (Shear & Edgecombe 2010; Edgecombe 
2011b; Fernández et al. 2014). Few fossils of Lithobiidae 
have been formally described in the past; fossil records 
are mostly confined to the Eocene (i.e., Baltic amber; 
Haug et al. 2013; Fernández et al. 2014), with a few 
specimens that were depicted, but not described in detail 
from the Mesozoic Era. This was the case until recently, 
when a new lithobiomorphan-like centipede from Kachin 
amber, Myanmar has been described (~100 million years 
old; Haug et al. 2024). Yet, this new specimen showed 
plesiomorphic characteristics from Pleurostigmophora and 
suggested convergent characters of Scolopendromorpha, 
due to this ambiguity it was not possible to clearly relate 
it to Lithobiomorpha. Here, in this study, PED 2964-1 
is very likely related to the extant genus of Lamyctes, 
and also PED 2964-2 and BUB 4771 could be related 
to Henicopidae. Altogether, they represent the first 
unambiguous record of the group of Henicopidae and 
Lithobiomorpha from the Cretaceous period. Such report 
should not be surprising; in fact, fossils seem readily 
available in numbers from Myanmar amber (numerous 
specimens in the Palaeo-Evo-Devo collection; see also 
Zhang 2017). 
 With the development of new phylogenomic tools, 
the previously “resolved” phylogeny of Chilopoda 
from earlier molecular and morphological characters 
has been questioned concerning the position of 
Craterostigmus. Morphologically, Craterostigmus is part 
of Phylactometria as they share similarities such as lateral 
eye structure (Müller & Meyer-Rochow 2006), rigidity 
of the forcipules, coxal organs (Fernández et al. 2014); 
new molecular data indicate a sister-group position to 
Amalpighiata (Lithobiomorpha, Scolopendromorpha, 
and Geophilomorpha; Fernández et al. 2014). 
 In the light of novel molecular phylogeny 
of Chilopoda, descriptions of new unambiguous 
lithobiomorphans from Myanmar amber are very 
important. Better molecular clock analyses require good 
fossil calibration (Near & Sanderson 2004; Hug & Roger 
2007), something that cannot be properly performed 
without early Mesozoic fossils and Palaeozoic fossils of 
Lithobiomorpha.
 Another aspect of the new fossils is exceptional: 
Two specimens occur in a single amber piece, i.e., 
are preserved in close proximity. So far, finds of fossil 
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centipedes were single finds, indicating low densities in 
the original habitat, which might have partially explained 
the scarcity. With the piece at hand, we can expect higher 
densities in Myanmar amber, and we should expect more 
finds from this deposit.

Acknowledgements

The project is kindly supported by the German Research 
Foundation (Deutsche Forschungsgemeinschaft; project 
number 516824140, HA 6300/10-1, ME 2683/13-1). JTH 
is grateful to the Volkswagen Foundation for funding in 
the frame of a Lichtenberg professorship. We would also 
like to acknowledge Dr Peter Decker who kindly provided 
unavailable books. We thank all people donating their free 
time for providing open access and open-source software 
used in this study.

References

Anderson, J.M. (1975) The enigma of soil animal species diversity. 
In: Vaněk, J. (Ed.), Progress in soil zoology. Czechoslovak 
Academy of Sciences. Springer, Dordrecht, 51–58. 

 https://doi.org/10.1007/978-94-010-1933-0_5
Andersson, G. (1976) Post-embryonic development of Lithobius 

forficatus (L.), (Chilopoda: Lithobiidae). Insect Systematics 
& evolution, 7 (3), 161–168. 

 https://doi.org/10.1163/187631276X00270
Andersson, G. (1979) On the use of larval characters in the 

classification of lithobiomorph centipedes (Chilopoda, 
Lithobiomorpha). In: Camatini, M. (Ed.), Myriapod biology. 
Academic Press, London, 73–81.

Andersson, G. (1981) Post-embryonic development and 
geographical variation in Sweden of Lithobius crassipes 
L. Koch (Chilopoda: Lithobiidae). Insect Systematics & 
evolution, 12 (4), 437–445. 

 https://doi.org/10.1163/187631281X00517
Andersson, G. (1984) Post-embryonic development of Lamyctes 

fulvicornis Meinert (Chilopoda: Henicopidae). Insect 
Systematics & evolution, 15 (1), 9–14. 

 https://doi.org/10.1163/187631284X00028
Archey, G. (1937) Revision of the Chilopoda of New Zealand. 

Records of the Auckland Institute and Museum, 2 (2), 71–
100. 

 https://www.jstor.org/stable/42905967
Attignon, S.E., Weibel, D., Lachat, T., Sinsin, B., Nagel, P. & 

Peveling, R. (2004) Leaf litter breakdown in natural and 
plantation forests of the Lama forest reserve in Benin. Applied 
Soil ecology, 27 (2), 109–124. 

 https://doi.org/10.1016/j.apsoil.2004.05.003

Benavides, L.R., Edgecombe, G.D. & Giribet, G. (2023) Re-
evaluating and dating myriapod diversification with 
phylotranscriptomics under a regime of dense taxon sampling. 
Molecular Phylogenetics and evolution, 178, 107621. 

 https://doi.org/10.1016/j.ympev.2022.107621
Binyon, J. & Lewis, J.G.E. (1963) Physiological adaptations of two 

species of centipede (Chilopoda: Geophilomorpha) to life on 
the shore. Journal of the Marine Biological Association of the 
United Kingdom, 43 (1), 49–55. 

 https://doi.org/10.1017/S0025315400005221
Bonato, L. & Zapparoli, M. (2011) 16 Chilopoda–Geographical 

distribution. In: Minelli, A. (Ed.), treatise on zoology-
anatomy, taxonomy, biology. the Myriapoda, Volume 1. Brill, 
Leiden, The Netherlands, 327–337. 

 https://doi.org/10.1163/9789004188266_017
Bonato, L., Edgecombe, G.D., Lewis, J.G.E., Minelli, A., Pereira, 

L.A., Shelley, R.M. & Zapparoli, M. (2010) A common 
terminology for the external anatomy of centipedes 
(Chilopoda). ZooKeys, 69, 17–51. 

 https://doi.org/10.3897/zookeys.69.737
Bonato, L., Edgecombe, G.D. & Minelli, A. (2014) Geophilomorph 

centipedes from the Cretaceous amber of Burma. 
Palaeontology, 57 (1), 97–110. 

 https://doi.org/10.1111/pala.12051
Bonato, L., Minelli, A., Drago, L. & Pereira, L.A. (2015) The 

phylogenetic position of Dinogeophilus and a new 
evolutionary framework for the smallest epimorphic 
centipedes (Chilopoda: Epimorpha). Contributions to 
Zoology, 84 (3), 237–253. 

 https://doi.org/10.1163/18759866-08403004
Bortolin, F. (2010) Genetic control of moulting and segmentation 

during post-embryonic development in Lithobius peregrinus 
(Chilopoda, Lithobiomorpha) [Doctoral dissertation, 
Università degli Studi di Padova]. Padua Research Archive.

Brölemann, H.W. (1930) Éléments d’une faune des Myriapodes de 
France: Chilopodes. Imprimerie Toulousaine [Lion et Fils], 
Toulouse, 434 pp.

Chagas-Jr, A. & Bichuette, M.E. (2018) A synopsis of centipedes 
in Brazilian caves: hidden species diversity that needs 
conservation (Myriapoda, Chilopoda). ZooKeys, 737, 13–56. 

 https://doi.org/10.3897/zookeys.737.20307
Cruickshank, R.D. & Ko, K. (2003) Geology of an amber locality 

in the Hukawng Valley, northern Myanmar. Journal of Asian 
earth Sciences, 21 (5), 441–455. 

 https://doi.org/10.1016/S1367-9120(02)00044-5
Decaëns, T., Jiménez, J.J., Gioia, C., Measey, G.J. & Lavelle, P. 

(2006) The values of soil animals for conservation biology. 
european Journal of Soil Biology, 42, S23–S38. 

 https://doi.org/10.1016/j.ejsobi.2006.07.001
Decker, P., Reip, H. & Voigtländer, K. (2014) Millipedes and 

centipedes in German greenhouses (Myriapoda: Diplopoda: 
Chilopoda). Biodiversity Data Journal, 2, e1066. 

 https://doi.org/10.3897/BDJ.2.e1066
Deimezis-Tsikoutas, A., Kapsalas, G. & Pafilis, P. (2020) A rare 



THREE NEW LITHOBIOMORPHAN CENTIPEDE Mesozoic 001 (4) © 2024 Magnolia Press   •   503

case of saurophagy by Scolopendra cingulata (Chilopoda: 
Scolopendridae) in the central Aegean archipelago: A role for 
insularity? Zoology and ecology, 30 (1), 48–51. 

 https://doi.org/10.35513/21658005.2020.1.6
Edgecombe, G.D. (2001) Revision of Paralamyctes (Chilopoda: 

Lithobiomorpha: Henicopidae), with six new species from 
eastern Australia. Records of the Australian Museum, 53 (2), 
201–241. 

 https://doi.org/10.3853/j.0067-1975.53.2001.1328
Edgecombe, G.D. (2007) Centipede systematics: progress and 

problems. Zootaxa, 1668, 327–341. 
 https://doi.org/10.11646/zootaxa.1668.1.17 
Edgecombe, G.D. (2011a) 1 Phylogenetic relationships of 

Myriapoda. In: Minelli, A. (Ed.), treatise on Zoology-
Anatomy, taxonomy, Biology. the Myriapoda, Volume 1. 
Brill, Leiden, The Netherlands, 1–20. 

 https://doi.org/10.1163/9789004188266_002
Edgecombe, G.D. (2011b) 18 Chilopoda—Fossil history. In: 

Minelli, A. (Ed.), treatise on Zoology-Anatomy, taxonomy, 
Biology. the Myriapoda, Volume 1. Brill, Leiden, The 
Netherlands, 355–361. 

 https://doi.org/10.1163/9789004188266_019
Edgecombe, G.D. & Giribet, G. (2003) Relationships of 

Henicopidae (Chilopoda: Lithobiomorpha): New molecular 
data, classification and biogeography. African Invertebrates, 
44 (1), 13–38.

Edgecombe, G.D. & Giribet, G. (2007) Evolutionary biology 
of centipedes (Myriapoda: Chilopoda). Annual Review of 
entomology, 52 (1), 151–170. 

 https://doi.org/10.1146/annurev.ento.52.110405.091326
Edgecombe, G.D., Giribet, G. & Wheeler, W.C. (2002) Phylogeny 

of Henicopidae (Chilopoda: Lithobiomorpha): a combined 
analysis of morphology and five molecular loci. Systematic 
entomology, 27 (1), 31–64. 

 https://doi.org/10.1046/j.0307-6970.2001.00163.x
Edgecombe, G.D., Strange, S.E., Popovici, G., West, T. & 

Vahtera, V. (2023) An Eocene fossil plutoniumid centipede: 
a new species of Theatops from Baltic Amber (Chilopoda: 
Scolopendromorpha). Journal of Systematic Palaeontology, 
21 (1), 2228796. 

 https://doi.org/10.1080/14772019.2023.2228796
Eitzinger, B., Micic, A., Körner, M., Traugott, M. & Scheu, S. 

(2013) Unveiling soil food web links: New PCR assays for 
detection of prey DNA in the gut of soil arthropod predators. 
Soil Biology and Biochemistry, 57, 943–945. 

 https://doi.org/10.1016/j.soilbio.2012.09.001
Enghoff, H., Akkari, N. & Pedersen, J. (2013) Aliquid novi ex 

Africa? Lamyctes africanus (Porath, 1871) found in Europe 
(Chilopoda: Lithobiomorpha: Henicopidae). Journal of 
Natural History, 47 (31-32), 2071–2094. 

 https://doi.org/10.1080/00222933.2012.763062
Fernández, R., Laumer, C.E., Vahtera, V., Libro, S., Kaluziak, S., 

Sharma, P.P., Pérez-Porro, A. R., Edgecombe, G.D. & Giribet, 
G. (2014) Evaluating topological conflict in centipede 
phylogeny using transcriptomic data sets. Molecular Biology 

and evolution, 31 (6), 1500–1513. 
 https://doi.org/10.1093/molbev/msu108
Fernández, R., Edgecombe, G.D. & Giribet, G. (2016) Exploring 

phylogenetic relationships within Myriapoda and the effects 
of matrix composition and occupancy on phylogenomic 
reconstruction. Systematic Biology, 65 (5), 871–889. 

 https://doi.org/10.1093/sysbio/syw041
Fernández, R., Edgecombe, G.D. & Giribet, G. (2018). 

Phylogenomics illuminates the backbone of the Myriapoda 
Tree of Life and reconciles morphological and molecular 
phylogenies. Scientific Reports, 8 (1), 83, 1–7. 

 https://doi.org/10.1038/s41598-017-18562-w
Folly, H., Thaler, R., Adams, G.B. & Pereira, E.A. (2019) Predation 

on Scinax fuscovarius (Anura, Hylidae) by Scolopendra 
sp. (Chilopoda: Scholopendridae) in the state of Tocantins, 
central Brazil. Revista Latinoamericana de Herpetología, 2 
(1), 39–43. 

 https://doi.org/10.22201/fc.25942158e.2019.1.43
GBIF.org (2020) GBIF Home Page. Available from: https://www.

gbif.org (accessed 13 January 2020)
Gonzalez, A., Rodrigez-Acosta, A., Gassette, J., Ghisoli, M., 

Sanabria, E. & Reyez-Lugo, M. (2000) Bioecological aspects 
of Scolopendra (Scolopendra gigantea Linnaeus 1758) and 
the histopathological activity of its venom. Revista Cientifica, 
Facultad de Ciencias Veterinarias, Universidad Del Zulia, 10 
(4), 303–309. 

Grimaldi, D.A., Engel, M.S. & Nascimbene, P.C. (2002) 
Fossiliferous Cretaceous amber from Myanmar (Burma): its 
rediscovery, biotic diversity, and paleontological significance. 
American Museum Novitates, 2002 (3361), 1–71. 

 https://doi.org/10.1206/0003-0082(2002)361<0001:
FCAFMB>2.0.CO;2

Günther, B., Rall, B.C., Ferlian, O., Scheu, S. & Eitzinger, B. 
(2014) Variations in prey consumption of centipede predators 
in forest soils as indicated by molecular gut content analysis. 
Nordic Society Oikos, 123 (10), 1192–1198. 

 https://doi.org/10.1111/j.1600-0706.2013.00868.x
Harzsch, S. (2006) Neurophylogeny: Architecture of the nervous 

system and a fresh view on arthropod phylogeny. Integrative 
and Comparative Biology, 46 (2), 162–194. 

 https://doi.org/10.1093/icb/icj011
Harzsch, S., Melzer, R.R. & Müller, C.H.G. (2007). Mechanisms 

of eye development and evolution of the arthropod visual 
system: The lateral eyes of Myriapoda are not modified 
insect ommatidia. Organisms Diversity and evolution, 7 (1), 
20–32. 

 https://doi.org/10.1016/j.ode.2006.02.004
Haug, G.T., Haug, J.T. & Haug, C. (2024) Convergent evolution of 

defensive appendages—a lithobiomorph-like centipede with a 
scolopendromorph-type ultimate leg from about 100 million-
year-old amber. Palaeobiodiversity and Palaeoenvironments, 
104, 131–140. 

 https://doi.org/10.1007/s12549-023-00581-3

https://www.gbif.org
https://www.gbif.org
https://doi.org/10.1206/0003-0082(2002)361<0001:FCAFMB>2.0.CO;2
https://doi.org/10.1206/0003-0082(2002)361<0001:FCAFMB>2.0.CO;2


LE CADRE et AL.504   •   Mesozoic 001 (4) © 2024 Magnolia Press

Haug, J.T., Müller, C.H.G. & Sombke, A. (2013) A centipede 
nymph in Baltic amber and a new approach to document 
amber fossils. Organisms Diversity and evolution, 13 (3), 
425–432. 

 https://doi.org/10.1007/s13127-013-0129-3
Haug, J.T., Haug, C., Schweigert, G. & Sombke, A. (2014) The 

evolution of centipede venom claws—open questions and 
possible answers. Arthropod Structure & Development, 43 
(1), 5–16. 

 https://doi.org/10.1016/j.asd.2013.10.006
Hug, L.A. & Roger, A.J. (2007) The impact of fossils and taxon 

sampling on ancient molecular dating analyses. Molecular 
Biology and evolution, 24 (8), 1889–1897. 

 https://doi.org/10.1093/molbev/msm115
Hwang, U.W., Friedrich, M., Tautz, D., Park, C.J. & Kim, W. 

(2001) Mitochondrial protein phylogeny joins myriapods 
with chelicerates. Nature, 413 (6852), 154–157. 

 https://doi.org/10.1038/35093090
Iorio, É., Labroche, A. & Jacquemin, G. (2022) Les chilopodes 

(Chilopoda) de la moitié nord de la France : toutes les bases 
pour débuter l’étude de ce groupe et identifier facilement les 
espèces. Version 2. Invertébrés Armoricains, France, Rennes, 
90 pp.

Juen, A. & Traugott, M. (2007) Revealing species-specific trophic 
links in soil food webs: Molecular identification of scarab 
predators. Molecular ecology, 16 (7), 1545–1557. 

 https://doi.org/10.1111/j.1365-294X.2007.03238.x
Klarner, B., Winkelmann, H., Krashevska, V., Maraun, M., 

Widyastuti, R. & Scheu, S. (2017) Trophic niches, diversity 
and community composition of invertebrate top predators 
(Chilopoda) as affected by conversion of tropical lowland 
rainforest in Sumatra (Indonesia). PLoS ONe, 12 (8), 
e0180915. 

 https://doi.org/10.1371/journal.pone.0180915
Kos, A., Delić, T., Kos, I., Kozel, P., Polak, S. & Zagmajster, M. 

(2023) The overview of lithobiomorph centipedes (Chilopoda, 
Lithobiomorpha) from caves of Slovenia. Subterranean 
Biology, 45, 165–185. 

 https://doi.org/10.3897/subtbiol.45.101430
Kraus, O. (1974) On the morphology of Palaeozoic diplopods. 

In: Blower, G.J. (Ed.), Myriapoda. Second international 
Congress of Myriapodology. Symposia of the Zoological 
Society of London, London, 32, 13–22.

Littlewood, P.M.H. (1983) Fine structure and function of the coxal 
glands of lithobiomorph centipedes: Lithobius forficatus and 
L. crassipes (Chilopoda, Lithobiidae). Journal of morphology, 
177 (2), 157–179. 

 https://doi.org/10.1002/jmor.1051770204
Madzaric, S., Ceglie, F.G., Depalo, L., Al Bitar, L., Mimiola, G., 

Tittarelli, F. & Burgio, G. (2018) Organic vs. organic—Soil 
arthropods as bioindicators of ecological sustainability 
in greenhouse system experiment under Mediterranean 
conditions. Bulletin of entomological Research, 108 (5), 
625–635. 

 https://doi.org/10.1017/S0007485317001158

Mao, Y.Y., Liang, K., Su, Y.T., Li, J.G., Rao, X., Zhang, H., Xia, F.Y., 
Fu, Y.Z. Cai, C.Y. & Huang, D.Y. (2018) Various amberground 
marine animals on Burmese amber with discussions on its 
age. Palaeoentomology, 1 (1), 91–103. 

 https://doi.org/10.11646/palaeoentomology.1.1.11
Menta, C. & Remelli, S. (2020) Soil health and arthropods: From 

complex system to worthwhile investigation. Insects, 11 (1), 
54. 

 https://doi.org/10.3390/insects11010054
Minelli, A. & Fusco, G. (2013) Arthropod post-embryonic 

development. In: Minelli, A., Boxshall, G. & Fusco, G. (Eds), 
Arthropod biology and evolution: molecules, development, 
morphology. Springer, Berlin, Heidelberg, 91–122. 

 https://doi.org/10.1007/978-3-642-36160-9_5
Minelli, A. & Koch, M. (2011) 3 Chilopoda—General morphology. 

In: Minelli, A. (Ed.), treatise on Zoology-Anatomy, taxonomy, 
Biology. the Myriapoda, Volume 1. Brill, Leiden, The 
Netherlands, 43–66. 

 https://doi.org/10.1163/9789004188266_004
Minelli, A. & Sombke, A. (2011) 14 Chilopoda—Development. In: 

Minelli, A. (Ed.), treatise on Zoology-Anatomy, taxonomy, 
Biology. the Myriapoda, Volume 1. Brill, Leiden, the 
Netherlands, 295–308. 

 https://doi.org/10.1163/9789004188266_015
Molinari, J., Gutiérrez, E.E., Ascenção, A.A., Nassar, J.M., Arends, 

A. & Márquez, R.J. (2005) Predation by giant centipedes, 
Scolopendra gigantea, on three species of bats in a Venezuelan 
cave. Caribbean Journal of Science, 41 (2), 340–346.

Moore, J. (2006) Chapter 14—Chelicerata and Myriapoda. In: 
Moore, J. (Ed.), An introduction to the invertebrates, 2. 
Cambridge University Press, Cambridge, United Kingdom, 
181–191. 

 https://doi.org/10.1017/CBO9780511754760.015 
Müller, C.H. & Meyer-Rochow, V.B. (2006) Fine structural 

description of the lateral ocellus of Craterostigmus 
tasmanianus Pocock, 1902 (Chilopoda: Craterostigmomorpha) 
and phylogenetic considerations. Journal of Morphology, 267 
(7), 850–865. 

 https://doi.org/10.1002/jmor.10444
Murienne, J., Edgecombe, G.D. & Giribet, G. (2010) Including 

secondary structure, fossils and molecular dating in the 
centipede tree of life. Molecular Phylogenetics and evolution, 
57 (1), 301–313. 

 https://doi.org/10.1016/j.ympev.2010.06.022
Near, T.J. & Sanderson, M.J. (2004) Assessing the quality of 

molecular divergence time estimates by fossil calibrations 
and fossil–based model selection. Philosophical transactions 
of the Royal Society of London, Series B: Biological Sciences, 
359 (1450), 1477–1483. 

 https://doi.org/10.1098/rstb.2004.1523
Penney, D. (2010) Biodiversity of fossils in amber from the major 

world deposits. Siri Scientific Press, Manchester, 304 pp.
Pérez-Gelabert, D.E. & Edgecombe, G.D. (2013) Scutigeromorph 

centipedes (Chilopoda: Scutigeromorpha) of the Dominican 



THREE NEW LITHOBIOMORPHAN CENTIPEDE Mesozoic 001 (4) © 2024 Magnolia Press   •   505

Republic, La Hispaniola. Novitates Caribaea, 6, 36–44. 
 https://doi.org/10.33800/nc.v0i6.105
Perrichot, V., Néraudeau, D., Nel, A. & De Ploëg, G. (2007) A 

reassessment of the Cretaceous amber deposits from France 
and their palaeontological significance. African Invertebrates, 
48 (1), 213–227.

Poser, T. (1988) Chilopoden als Prädatoren in einem Laubwald. 
Pedobiologia, 31 (3-4), 261–281. 

 https://doi.org/10.1016/S0031-4056(23)02268-0
Rasnitsyn, A.P. (1996) Burmese amber at the Natural History 

Museum. Inclusion, 23, 19–21.
Ross, A.J. (2019) Burmese (Myanmar) amber checklist and 

bibliography 2018. Palaeoentomology, 2 (1), 22–84. 
 https://doi.org/10.11646/palaeoentomology.2.1.5
Schreiner, A., Decker, P., Hannig, K. & Schwerk, A. (2012) 

Millipede and centipede (Myriapoda: Diplopoda, Chilopoda) 
assemblages in secondary succession: Variance and abundance 
in Western German beech and coniferous forests as compared 
to fallow ground. Web ecology, 12, 9–17. 

 https://doi.org/10.5194/we-12-9-2012
Shear, W.A. (2018) The centipede family Anopsobiidae new to 

North America, with the description of a new genus and 
species and notes on the Henicopidae of North America and 
the Anopsobiidae of the Northern Hemisphere (Chilopoda, 
Lithobiomorpha). Zootaxa, 4422 (2), 259–283. 

 https://doi.org/10.11646/zootaxa.4422.2.6 
Shear, W.A. & Bonamo, P.M. (1988) Devonobiomorpha, A new 

order of centipeds (Chilopoda) from the middle Devonian of 
Gilboa, New York State, USA, and the phylogeny of centiped 
orders. American Museum of Natural History, 1–30.

Shear, W.A. & Bonamo, P.M. (1990) Fossil centipedes from 
the Devonian of New York State, USA. In: Minelli, A. 
(Ed.), Proceedings of the 7th International Congress of 
Myriapodology. Brill, Leiden, The Netherlands, 89–96. 

 https://doi.org/10.1163/9789004630383_014
Shear, W.A. & Edgecombe, G.D. (2010) The geological record 

and phylogeny of the Myriapoda. Arthropod Structure and 
Development, 39 (2-3), 174–190. 

 https://doi.org/10.1016/j.asd.2009.11.002
Shear, W.A., Jeram, A.J. & Selden, P. (1998) Centiped legs 

(Arthropoda, Chilopoda, Scutigeromorpha) from the Silurian 
and Devonian of Britain and the Devonian of North America. 
American Museum novitates, 3231, 1–16.

Shi, G., Grimaldi, D.A., Harlow, G.E., Wang, J., Wang, J., Yang, 
M., Lei, W., Li, Q. & Li, X. (2012) Age constraint on Burmese 
amber based on U-Pb dating of zircons. Cretaceous research, 
37, 155–163. 

 https://doi.org/10.1016/j.cretres.2012.03.014
Smith, R.D. & Ross, A.J. (2016) Amberground pholadid bivalve 

borings and inclusions in Burmese amber: implications for 
proximity of resin-producing forests to brackish waters, 
and the age of the amber. earth and environmental Science 
transactions of the Royal Society of edinburgh, 107 (2-3), 
239–247. 

 https://doi.org/10.1017/S1755691017000287

Stoev, P. (2002) A Catalogue and key to the centipedes (Chilopoda) 
of Bulgaria. Pensoft, Sofia, Moscow, 103 pp. 

Stoev, P., Akkari, N., Komericki, A., Edgecombe, G. & Bonato, 
L. (2015) At the end of the rope: Geophilus hadesi sp. n.—
the world’s deepest cave-dwelling centipede (Chilopoda, 
Geophilomorpha, Geophilidae). ZooKeys, 510, 95–114. 

 https://doi.org/10.3897/zookeys.510.9614
Stojanović, D.Z., Antić, D.Ž. & Makarov, S.E. (2021) A new 

cave-dwelling centipede species from Croatia (Chilopoda: 
Lithobiomorpha: Lithobiidae). Revue Suisse de Zoologie, 128 
(2), 425–438. 

 https://doi.org/10.35929/RSZ.0054
Verhoeff, K.W. (1905) Über Scutigeriden. Zoologischer Anzeiger, 

29, 73–119.
Voigtländer, K. (2007) The life cycle of Lithobius mutabilis L. 

Koch, 1862 (Myriapoda: Chilopoda). Bonner Zoologische 
Beiträge, 55, 9–25.

Voigtländer, K. (2011) 15 Chilopoda—Ecology. In: Minelli, A. 
(Ed.), treatise on Zoology-Anatomy, taxonomy, Biology. the 
Myriapoda, Volume 1. Brill, Leiden, The Netherlands, 309–
325. 

 https://doi.org/10.1163/9789004188266_016
Wesener, T. & Moritz, L. (2018) Checklist of the Myriapoda in 

Cretaceous burmese amber and a correction of the Myriapoda 
identified by Zhang (2017), Check List, 14 (6), 1131–1140. 

 https://doi.org/10.15560/14.6.1131
Wolfe, J.M., Daley, A.C., Legg, D.A. & Edgecombe, G.D. (2016) 

Fossil calibrations for the arthropod Tree of Life. earth-
Science Reviews, 160, 43–110. 

 https://doi.org/10.1016/j.earscirev.2016.06.008
Xing, L. & Qiu, L. (2020) Zircon U-Pb age constraints on the 

mid-Cretaceous Hkamti amber biota in northern Myanmar. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 558, 
109960. 

 https://doi.org/10.1016/j.palaeo.2020.109960
Yu, T., Thomson, U., Mu, L., Ross, A., Kennedy, J., Broly, P., Xia, 

F., Zhang, H., Wang, B. & Dilcher, D. (2019) An ammonite 
trapped in Burmese amber. Proceedings of the National 
Academy of Sciences, 116 (23), 11345–11350. 

 https://doi.org/10.1073/pnas.1821292116
Zagmajster, M., Polak, S. & Fišer, C. (2021) Postojna-Planina cave 

system in Slovenia, a hotspot of subterranean biodiversity and 
a cradle of speleobiology. Diversity, 13 (6), 271. 

 https://doi.org/10.3390/d13060271
Zapparoli, M. & Edgecombe, G.D. (2011) 19 Chilopoda—

Taxonomic overview. Lithobiomorpha. In: Minelli, A. 
(Ed.), treatise on zoology–anatomy, taxonomy, biology—the 
Myriapoda, Volume 1. Brill, Leiden, The Netherlands, 371–
389. 

 https://doi.org/10.1163/9789004188266_020
Zhang, W.W. (2017) Frozen dimensions of the fossil insects and 

other invertebrates in amber. Chongqing University Press, 
Chongqing, China, 692 pp.

https://doi.org/10.1016/S0031-4056(23)02268-0

