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We report fragmentary specimens from the Piesberg quarry (Upper Carboniferous, Northwestern Germany) that repre-
sent exuviae of nymphal blattoids (Dictyoptera). Most of the remains are isolated abdomina, one specimen also pre-
serves a wing pad. The specimens document two developmental stages and include the smallest Palaeozoic blattoid
nymph found to date. The specimens from the Piesberg quarry closely resemble other Palaeozoic blattoid nymphs, for
example, specimens from the famous Mazon Creek Lagerstätte (Upper Carboniferous, Illinois, USA), at least as far
as external morphology is concerned. As for preservation, the specimens from the Piesberg quarry show strong resem-
blance to specimens from the Lower Permian Elmo Lagerstätte (Kansas and Oklahoma, USA). The two Lagerstätten, al-
though differing in age, appear therefore to be interesting candidates for a palaeoecological comparison. The find of im-
mature insects at the Piesberg quarry is another example of fossilised development in arthropods from this Lagerstätte,
other examples are known from Euproops, Arthropleura and Aphantomartus pustulatus. • Key words: Dictyoptera,
nymph, hemimetaboly, blattoid, palaeo-evo-devo.
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Although Arthropoda is commonly considered the largest
animal group, it can be argued that it is a matter of scale and
of point of view (Arthropoda and its sister-group is larger
than Arthropoda). However, regardless of these aspects, it
is generally admitted that Arthropoda compose a very suc-
cessful lineage. The early evolution of Arthropoda sensu
stricto, the sclerotized arthropods (Waloszek et al. 2005),
has been deduced mainly from Cambrian arthropod fossils
(e.g., Maas et al. 2004; Waloszek et al. 2005, 2007; Scholtz
& Edgecombe 2006; Budd 2008). Also younger fossil de-
posits have provided fossil specimens that contributed sig-
nificantly to our understanding of arthropod evolution and
diversification. Among these are fossils from younger Pa-
laeozoic strata (e.g., Briggs & Bartels 2001, Briggs et al.
2005, Kühl et al. 2008, Van Roy et al. 2010), but also from
Mesozoic Lagerstätten such as the lithographic limestones
of southern Germany (Haug, J.T. et al. 2010).

Especially the Carboniferous has been suggested to be
an important period for understanding the evolution of
Arthropoda (e.g., Stockmeyer Lofgren et al. 2003). For in-
sects, for example, the Carboniferous is an important time
span with a significant fossil record as it is closest to the

origin of insects, directly after the huge diversification
through which insects became one of the dominant groups
of animals on land. Examples of major important Carbonif-
erous Lagerstätten are Mazon Creek and Bear Gulch in
North America (e.g., Schram & Horner 1978, Factor &
Feldmann 1985, Shabica & Hay 1997, Schram et al. 2006),
the coal measures in the United Kingdom (e.g., Bolton
1921–1922), and Montceau-les-Mines in France (e.g.,
Poplin & Heyler 1994; Racheboeuf et al. 2002, 2008,
2009).

An important Carboniferous locality is the Piesberg
quarry, near Osnabrück in Lower Saxony (Northwest Ger-
many). It has already yielded a large diversity of arthro-
pods. Chelicerates (spiders, scorpions, and close relatives)
are represented by the xiphosuran Euproops (Schultka
2000, Haug, C. et al. 2012b), the trigonotarbid Aphan-
tomartus pustulatus (Scudder, 1884) (Rößler 1998), and
a single specimen of the scorpion Eoscorpius cf.
carbonarius Meek & Worthen, 1868 (Dunlop et al. 2008).
Crustaceans are represented by diplostracans (e.g., Dunlop
et al. 2008) and ostracods (Braun 1997). Remains of the
giant arthropod Arthropleura have also been discovered
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(Brauckmann & Herd 2002). Insect remains from the
Piesberg are mainly composed of isolated wings and wing
fragments representing 21 species (Brauckmann 1983,
1991, 1995; Brauckmann & Herd 2000, 2002, 2005, 2007;
Zessin 2006, 2008; Béthoux & Herd 2009; Brauckmann et
al. 2009). About ten additional species remain to be de-
scribed (A. Leipner, pers. obs.).

Although fossil arthropod material appears to be not
uncommon in the Piesberg quarry, the situation can, at least
in part, be compared to that of the famous Rhynie chert
Lagerstätte: animal remains are outnumbered by orders of
magnitude by those of plants; and the arthropod material is
often fragmentary, making it difficult to differentiate from
plant debris. In fact, this appears to be a common pattern in
many Palaeozoic insect localities. Yet, investigating such
incomplete material is important and has, for example, in
the case of the Rhynie chert and associated Windyfield
chert or Mazon Creek, provided significant information on
early freshwater and terrestrial arthropods, including crus-
taceans, chelicerates, insects, and enigmatic arthropods of
unclear affinities (e.g., Hirst 1923; Scourfield 1926, 1940;
Shabica & Hay 1997; Anderson & Trewin 2003; Fayers &
Trewin 2003, 2005; Dunlop et al. 2004; Haug, C. et al.
2012a). Including fragmentary material into scientific
studies is important for several aspects of research, such as
the taphonomy of a deposit, the pre-burial history of the
fossils, or for understanding biodiversity or ecological in-
teractions of the investigated biota. Furthermore, it can also
simply provide formerly unknown morphological features
(e.g., Briggs 1979, Anderson & Trewin 2003, Van Roy &
Tetlie 2006, Daley & Budd 2010) if at least certain key fea-
tures are preserved (e.g., Santini & Tyler 2004).

Herein we report new arthropod material from the
Piesberg quarry that represents exuviae of nymphal
blattoids. For comparison, we also present material from
the famous Upper Carboniferous Mazon Creek Lagerstätte
(Illinois, USA) and the Lower Permian Elmo Lagerstätte
(Kansas and Oklahoma, USA; e.g., Beckemeyer 2000) that
shows astonishing similarities with the new material.
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The Piesberg quarry comprises Late Carboniferous (Penn-
sylvanian) strata. For details of the geological settings, see,
for example, Dunlop et al. (2008) and Fig. 1.

In total, four arthropod specimens were investigated
from the Piesberg quarry. Three of them previously be-
longed to the collection of Michael Sowiak (Glandorf, Ger-
many), and now belong to the palaeontological collection
of the Museum am Schölerberg (MAS Pal) at Osnabrück,
just like the fourth specimen. Repository numbers are

MAS Pal 603 and 653–655. Specimens MAS Pal 653 and
655 come from the overlaying claystones of the coal seam
Flöz Mittel. The specimen MAS Pal 653 (Fig. 2A, B) is
preserved in the typical shale-type-preservation (see below
for explanation on preservation types) and was found in
October 2009. The specimen MAS Pal 655 (Fig. 3A, B) is
covered by a reddish gumbelite layer and was found on
26 April 2008. The specimen MAS Pal 603 (Fig. 4A–D),
with a reddish gumbelite layer, was found by one of the au-
thors (AL) in the layers above the coal seam Flöz
Zweibänke at 10 July 2011. Specimen MAS Pal 654
(Fig. 4E–I) is composed of part and counterpart. It was
found in the overlaying layers of the coal seam Flöz Mittel
in June 2008. This specimen is preserved in shale type-
preservation, but highly distorted and incomplete.

For comparison, additional material from the deposits
of Elmo (Figs 2C–F, 3C, E, 4J, K) and of Mazon Creek
(Fig. 3D) was investigated. The specimens are housed in
the Invertebrate Palaeontology collection of the Yale Pea-
body Museum (New Haven, Connecticut, USA; YPM IP).

	
���������������������������

In principle, two types of preservation can be differentiated
among the arthropod fossils from the Piesberg quarry.
These two types demand different methods for optimal
photographic documentation.

Some specimens are preserved in a way similar to
shale-type preservation, similar to fossils from the Burgess
Shale (concerning the optical properties of the fossil). Such
specimens are completely black under crossed polarized
light filters, while the matrix is light gray (Figs 2A, 4F, H;
cf. Bengtson 2000). Under unpolarized reflective light
these specimens differ from the matrix because of their re-
flection qualities, different from those of the matrix
(Figs 2B, 4E, G, I; cf. García-Bellido & Collins 2006). The
second preservation type involves a coverage by an irregu-
lar film of gumbelite (cf. Brauckmann & Herd 2002). This
mineral has a white or yellowish to reddish appearance.
Bluish to greenish colour variations can occur as well. Re-
flection qualities of such mineral films do not differ from
those of the matrix. Still, contrast to the matrix is enhanced
by applying crossed polarized light filters (Fig. 3A). Also
fluorescence can be used to enhance the contrast against
the matrix, as gumbelite exhibits weak, but usable,
autofluorescence (Fig. 3B). In detail, this method involves
cyan filters placed on light sources, a red filter placed on
the lens, and requires very long exposure times (cf. Haug,
J.T. et al. 2011a and references therein for further method-
ological details).

Specimens from Elmo and Mazon Creek were docu-
mented under crossed polarized light and dry (i.e., without
immersion). Light was provided as shadow-free as possible
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#$ Profile of the Piesberg quarry (modified after Schultka 2000) with faunistic elements. The profile shows only the now exposed layers of the Late
Carboniferous (Pennsylvanian) with faunal elements (excluding Foraminifera, Diplostraca, Ostracoda, and undetermined crustaceans). The fossil-rich layers
are the claystones in the roof of the coal seams. Here the most interesting faunal elements are found. The clays below the coal seams are autochtonous root
clays bearing only fossil roots. From the region of coal seam Zweibänke we know autochtonous stems with roots of lycopods. From the coal seam Mittel we
know one autochtonous lycopod stem. In all fauna-bearing layers the plant fossils are dominating. The coal seam Zweibänke is the border between
Westphalian C and Westphalian D.



to avoid possible artefacts through shadows or reflections,
and to enhance colour contrast against the matrix.

A 3D model of the Piesberg specimens (Fig. 5A, B) was
reconstructed with the open source software Blender.
Missing information such as the texture was obtained from
extant terrestrial arthropods.
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We will in the following use the term “abdomen” in the
classical insect terminology. Nevertheless, we are aware
that this term is used for different structures in different ar-
thropods (e.g., Walossek & Müller 1998, Hughes & Kauf-
man 2002).
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Description. – This specimen is the smallest one (Fig. 2A, B).
A subrectangular structure antero-laterally partly covers a
segmented body region of typical arthropod appearance.
Ten segments can be recognised based on their dorsal scle-
rotisations, the tergites. The anterior-posterior dimensions
are about the same in each tergite. The left sides of the ante-
rior four tergites are partly covered by the subrectangular
structure; the right sides of these tergites are incompletely
preserved. The total width and the lateral shape of these ter-
gites is therefore unknown. The preserved middle parts ap-
pear rather straight. Tergite five is also quite straight, but
its lateral sides curve backward into a posteriorly pointing
tip. These lateral rims appear to be tergo-pleura-like exten-
sions of the tergite. Tergite six resembles tergite five, but is
slightly more curved and less wide, in order to fit between
the backward curving tergo-pleura-like extensions of ter-
gite five. Tergites seven to nine decrease further in width
and are more curved than their predecessor tergite. Tergite
ten is only very incompletely preserved.

Remark. – Originally the specimen was interpreted as a
more or less complete body fossil of a sclerotised arthro-
pod. In this interpretation, the subrectangular structure was
thought to be a displaced head shield, probably due to
moulting. Comparable displacement is known, for exam-
ple, in trilobites. Only the comparison to specimens from
Elmo made it clear that this fossil is less complete than ori-
ginally thought and that the subrectangular structure is not
a head shield.

Comparison. – Specimen YPM IP 221025 (Fig. 2C)
strongly resembles MAS Pal 653 in general shape, especi-
ally in its posterior region. Yet, it is more completely pre-

served. Tergite ten has two pronounced notches. Anterior
to the parts also seen in MAS Pal 653 another structure is
preserved. It appears to consist of two subtrapezoidal sub-
structures connected, but separated by a distinct fold, ante-
riorly additionally by an incision.

Specimen YPM IP 221045 (Fig. 2D) can also be identi-
fied as a comparable specimen although the posterior end is
less complete. Yet, it possesses not just one subrectangular
structure covering the anterior tergites, but two of these, in
the corresponding positions of MAS Pal 653 and YPM IP
221025. They are closely adjacent, but separated. Ante-
riorly, another pair of subrectangular structures is present,
being larger than the posterior ones. The further anterior re-
gion is missing in this specimen as the slab is broken here.

Specimens YPM IP 221060 and YPM IP 220994
(Fig. 2E, F) lack the posterior body, but have the posterior
pair of subrectangular structures partly and the anterior pair
more completely preserved. Apparently connected to the
anterior pair is a pair of subtrapezoidal structures on both
specimens, resembling the isolated ones in YPM IP
221025 (Fig. 2C).

Interpretation. – The subtrapezoidal and subrectangular
structures can be identified as left and right halfs of pro-,
meso- and metanotum of a dictyopteran (“roachid”) nymph
(see taphonomy discussion below). The anterior pair of
subtrapezoidal structures in YPM IP 221025 (Fig. 2C)
could be identified as two halves of a pronotum from com-
parison with the anteriorly more completely articulated
specimens YPM IP 221060 and YPM IP 220994 (Fig. 2E, F).
The ten tergite-bearing segments accordingly represent the
abdomen. Specimen MAS Pal 653 is, due to its very similar
appearance to YPM IP 221025, also interpreted as a dicty-
opteran nymph.
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Description. – This specimen strongly resembles the speci-
mens described before, but only consists of the tergites of
the posterior segments (Fig. 3A, B). Assuming a similar
number of segments, the preserved tergites represent seg-
ments three to ten. This is supported by the fact that in this
counting also tergite five is the widest and less curved one
of the series. Compared to specimen MAS Pal 653 the spe-
cimen is larger and a bit more slender. Segment ten is very
well preserved and clearly shows two deep notches.

Comparison. – Specimen YPM IP 210164 (Fig. 3C) resem-
bles specimen MAS Pal 655 in representing also only the
posterior trunk region. The notches seen here (but also,
e.g., in specimen YPM IP 221025; Fig. 2C) most likely ori-
ginally bore appendages. This can be seen in specimens
from Mazon Creek, e.g., in YPM IP 027869 (Fig. 3D). In
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&$ Smaller instar of the blattoid nymphs from the Piesberg quarry and comparative specimens from Elmo. • A, B – MAS Pal 653. Specimen rep-
resented by large part of the abdomen with ten segments and the left metanotum, with the right side missing (arrow); A – under polarized light, B – under
reflected light. • C–F – similar blattoid nymphs from Elmo; C – YPM IP 221025. Like in A and B, the abdomen and one half of the metanotum (here the
right one) is preserved. Additionally, the isolated pronotum lies next to these elements. Pro- and metanotum with distinct line of separation across dorsal
midline (arrows). • D – YPM IP 221045. Specimen preserved with abdomen, meso- and metanotum. The latter two with a distinct dorsal line of separation
of left and right side (arrows). • E, F – fragmentary specimens, complementary to the situation in A and B. Metanotum only partly preserved, abdomen ab-
sent. Pro- and mesonotum with distinct line separating left and right side (arrows); E – YPM IP 221060, F – YPM IP 220994. Abbreviations: 1–10 – ab-
dominal segments 1–10; ad – abdomen; ms – mesonotum; mt – metanotum; pn – pronotum.

�

'

( ) "

*

0.8 mm 1 mm

3 mm 4 mm 2 mm

0.8 mm

�
����� ��	���� ��	��� �  ����
!
��	�����	�"�#�$	��%	���&	�'
�	���	 ��(�'�	)��''"



general, an incomplete preservation as in MAS Pal 655 ap-
pears not to be uncommon; in fact, fragmentation can be-
come even more pronounced, e.g., specimen YPM IP
221049 represents only one half of a single abdominal ter-
gite with great similarilty to the seventh abdominal seg-
ment of MAS Pal 655 (Fig. 3E).

Interpretation. – As a strong resemblance to the previously
described specimens is evident, MAS Pal 655 is also inter-
preted as a fragment of a dictyopteran nymph. Also the not-
ches for the cerci support this interpretation. As MAS Pal
655 differs slightly in size from the co-occurring specimen
MAS Pal 653, it could represent an older instar or a diffe-
rent species.
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Description. – This specimen (Fig. 4A–D) is very similar
to MAS Pal 655 (Fig. 3A, B). It also consists only of associ-
ated posterior trunk tergites. Due to comparisons with other
specimens, these are interpreted as tergites of segments
five to ten. Tergite ten, as in other specimens, has two deep
notches (Fig. 4C, D). Also size and dimensions of this spe-
cimen are similar to MAS Pal 655.

Comparison and interpretation. – As we have also here a
strong resemblance to other specimens, MAS Pal 603 is
also interpreted as a fragment of a dictyopteran nymph.
Due to the similar size to MAS Pal 655, it is interpreted to
belong to the same species and/or size class.
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Description. – This specimen is apparently distorted and
folded (Fig. 4E–I). It appears to consist of the abdominal
segments two to ten, represented by their tergites. Anteri-
orly, a structure partly covering the abdominal segments
could represent the damaged metanotum. The right side of
the abdominal segments appears to be broken (arrows in
Fig. 4E), while the left side is folded onto the body. On the
left side, also tergo-pleura-like extensions are visible.
From segment ten an elongated structure arises (Fig. 4I).
This structure appears to have been flexible, tapers distally
and is annulated, at least in its proximal region. It is inter-
preted as an attached cercus. Based on the proximal annu-
lation, a total number of 13 to 15 annuli of the cercus can be
estimated.

Comparison. – The preservation of this specimen appears
rather unusual. Breakage lines running right through speci-
mens are also found in specimens from Elmo, e.g., YPM IP
221044 (Fig. 4J), and also partial displacement of parts

overlapping each other can be seen in this specimen and in
YPM IP 220990 (Fig. 4K). Yet, another case of clear fol-
ding could not be observed. Remarkable is the presence of
a cercus. Cerci have been interpreted to become detached
early in the process of fragmentation (Duncan et al. 2003).
Thus, attached cerci are usually found in more complete
specimens. The high degree of damage and distortion, but
the presence of an attached cercus in this specimen might
challenge the assumptions about the fragmentation pro-
cess.

Interpretation. – The general morphology and size of this
specimen, despite its distorted nature, is quite similar to
that of MAS Pal 655 and MAS Pal 603. The specimen is
therefore also interpreted as a dictyopteran nymph belong-
ing to the same species and/or size class as the other two
specimens.

	� �����������!������"��������

To date, no blattoid species has been formally described
from the Piesberg quarry, but isolated adult blattoid wings
have already been found there (Brauckmann & Herd
2005, A. Leipner, pers. obs.). Revisions of Palaeozoic
blattoids have been presented in a number of contribu-
tions by J. Schneider (e.g., Schneider 1983, 1984) who also
intends to study the numerous Piesberg specimens in de-
tail. It seems premature to formally describe the speci-
mens presented here as separate new species. Such a de-
scription would cause serious problems when the
corresponding adult will be described. An ascription of
the described nymphs to a specific species will thus be
postponed until the material by Sellards has been
re-examined (see below), and also until the blattoid wings
from the Piesberg quarry are described with some mor-
phological detail (J. Schneider, in prep.).

The four specimens can be separated into two size
classes (Fig. 5C). Class I is represented by the specimen
MAS Pal 653, and class II is represented by the specimens
MAS Pal 654, MAS Pal 655, and MAS Pal 603. Both size
classes are morphologically similar, considering the parts
that are preserved.

Amending the information on the specimens from the
Piesberg quarry by knowledge on the more numerously
available specimens from Elmo and Mazon Creek (based
on Sellards 1903, 1904a, b), we can reconstruct the principal
morphology of the Piesberg blattoid nymphs (Fig. 5A, B).
Based on this, we can also estimate the total length of the
specimens (Fig. 5C). MAS Pal 653, the smaller specimen,
has a reconstructed length between 8–9 mm. The three
larger specimens, apparently being all of the same size
class, are more difficult to estimate (no wing), but should
be up to twice the size. Most of the specimens from Elmo
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+$ Larger instar of the blattoid nymphs from the Piesberg quarry and comparative specimens from Elmo and Mazon Creek. • A, B – MAS Pal
655. Best preserved specimen of the larger instar of the blattoid nymphs from the Piesberg quarry. Distinct notches are present in the tenth abdominal
segment (arrows); A – under polarized light, B – under cyan-orange-macrofluorescence. • C – YPM IP 210164. Very similar appearing specimen from
Elmo, also representing an isolated abdomen; arrows mark notches. • D – YPM IP 027869. Detail of the posterior end of the abdomen of a blattoid
nymph from Mazon Creek. The tenth abdominal segment has the same notches (arrows) as the specimens from the Piesberg quarry. These are the in-
sertion areas of the cerci. • E – YPM IP 221049. An isolated left half of an abdominal tergite of a blattoid nymph from Elmo. Other abbreviation than
before: ce – cercus.
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are larger, at least 3 cm estimated body size. There may
also be a change in wing pad morphology in the larger
specimens compared to the smaller ones if they are
conspecific, but due to lack of knowledge we did not recon-
struct such a morphological change.
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Without comparative material from Mazon Creek and Elmo
the correct attribution of the specimens from the Piesberg
quarry would not have been possible. The high similarity
of the specimens from the Piesberg quarry to those of Ma-
zon Creek and Elmo (cf. Fig. 2) leaves no other interpreta-
tion than that the specimens from the Piesberg quarry are
blattoid nymphs. Other superficially similar-appearing
groups such as nymphal stages of Palaeodicytoptera can be
ruled out. In the latter, the lateral extensions of the thoracic
tergites (wing pads) are not continuous as in blattoids, but
partly set off. Also other arthropod affinities are highly un-
likely, such as arachnids, which would lack tergo-
pleura-like extensions on the posterior body region (opis-
thosoma).
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Fossil blattoid nymphs from the Palaeozoic have been ra-
rely investigated in the past, although blattoids appear to be
a recurring element of Palaeozoic faunas. The most extensive
body of work was presented by Sellards (1903, 1904a, b),
who described different types of blattoid nymphs from Ma-
zon Creek and Elmo locality, and ascribed them to five dif-
ferent species. This accurate work appears to have been ig-
nored by subsequent authors (e.g., Rolfe 1967, Wootton
1972, Kukalová-Peck 1997, Garwood et al. 2012).
Sellards’ contributions are particular in that details of the
ventral side, especially the appendages, are documented
(e.g., Sellards 1904a, his figs 4, 8, 14).

Based on external morphology, the specimens from the
Piesberg quarry resemble the specimens from Elmo as well
as the specimens described by Sellards (1903, 1904a, b)
and Kukalová-Peck (1997). The species ascriptions of
Sellards (1904a, b) need to be re-evaluated as some of his
interpretations of the nymphal specimens have been ques-
tioned (Handlirsch 1911) and the material from the
Piesberg is more fragmentarily preserved than his material.

	��������������!�

The specific fragmentation of the specimens from the Pies-
berg quarry, with a clear midline separating the right and
left halfs of thoracic tergites, but also of abdominal ones,

indicates that these specimens are exuviae. When moult-
ing, the dorsal cuticle splits right at these preformed weak
points. An interpretation as exuviae would also explain the
displacement of some of the structures and the observed
folding.

Concerning the preservation, the material from the
Piesberg quarry appears very similar to the specimens from
Elmo. Maybe most astonishing is the exuvial specimen
from the Piesberg quarry with a single half of the
metanotum still attached to the abdomen, which differs
from a comparable specimen from Elmo only in size and
the fact that the detached pronotum lies closely adjacent,
but still clearly separated from it (Fig. 2A–C). This combi-
nation as well as a comparison with all the other specimens
also strongly indicates that the specimens from the
Piesberg represent exuviae, which have become partly or
in some cases heavily disarticulated. This is quite different
from specimens in Mazon Creek or Montceau-les-Mines,
where some exuviae occur, but these are generally better
articulated, and large parts of the material appears to be
body fossils (C. Haug & J.T. Haug, pers. obs.). There are
more common features between the material from the
Piesberg quarry and that from Elmo, for example the
co-occurrence with similar and similarly preserved plant
material. The high degree of fragmentation seen in the
Elmo specimens gives a hint to how small pieces of a blat-
toid nymph could appear in the Piesberg quarry and how
these pieces should look like. As some of the collectors at
the Piesberg quarry are already highly trained in finding
small and fragmented material, it should be possible to find
more parts of blattoid nymphs in the near future.

Among the material from the Piesberg quarry is now
the possibly smallest blattoid nymph specimen ever found
in the Palaeozoic, with only 8–9 mm estimated body
length. The smallest specimen that Sellards (1904a) reports
was about one centimetre long. This might not seem much
of a difference, but demonstrates that there is also preserva-
tion potential for even smaller nymphal specimens than
those that have been known to date.
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Despite the taxonomic uncertainty, the report of these
nymphs is seen as a contribution to our knowledge on the
ontogeny of Palaeozoic insects. Development of fossil ar-
thropods in general is understudied (e.g., Haug, J.T. et al.
2011b), but yields the potential to provide significant in-
sights into the phylogeny and evolution of a specific mono-
phyletic group. A first step into such a palaeo-evo-devo ap-
proach is finding a sufficient amount of material. The
material presented here is a further step forward in collecting
enough material to reconstruct developmental sequences of
different species within the blattoid lineage (Dictyoptera).
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The presentation of this material is also thought to bring
such often small and unspectacular specimens to the atten-
tion of curators, but also of private collectors. The Piesberg
is still actively excavated, and material from Elmo lies in

different museum collections. Without the presentation
provided here, additional material would most likely be
overlooked, now the active search for more material can be
started.

�)�

"�����
,$ Larger instar of the blattoid nymphs from the Piesberg quarry and comparative specimens from Elmo. A–D, E, G, I under reflected light; F, H,
J, K under polarized light. • A–I – specimens from the Piesberg quarry. A–D – MAS Pal 603; A, C – part; B, D –counterpart. • C, D – close-ups of the tenth
abdominal segment with notches (marked by arrows). • E–I – MAS Pal 654; E, F, I – part, G, H – counterpart. E – the specimen is partly broken (marked
by arrows), I – detail of cercus. Arrow heads mark annuli borders, arrow marks distal end. • J, K – comparative blattoid nymph specimens from Elmo, both
also partly distorted and fragmented; J – YPM IP 221044, K – YPM IP 220990. Other abbreviations than before: 2? – possible second abdominal segment;
ar – artefact due to shadow; fo – area of cuticle folded back on other parts of the specimen; mt? – possible metanotum; tp – tergo-pleura-like extensions.
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Besides the blattoid nymphs from the Piesberg quarry,
Mazon Creek and Elmo, several possible candidates are
known from the British coal measures (Bolton 1921–1922,
Jarzembowski 1987). Further specimens appear to be present
in the Montceau-les-Mines Lagerstätte (Garwood et al.
2012), where a large percentage of the insect fossils found
there are nymphal stages (Burnham 1994), but mostly have
not been in focus of a study involving developmental aspects.

Relatively complete developmental sequences of
Palaeozoic insects are extremely rare (few examples in
Kukalová-Peck 1997, Rasnitsyn & Quicke 2002), and it is
interesting to mention that none is known for a fossil blat-
toid, although numerous specimens of different develop-
mental stages seem to be available. A precise knowledge of
(relatively) early hemimetabolous insects is a requirement
for reconstructing the evolution of holometaboly, the key
innovation for the supposedly most successful mono-
phyletic group of all (but see Introduction; see also
Labandeira 2011 for the early evolution of holometaboly).
Palaeozoic blattoid nymphs, as the here described forms,

are often stated to resemble modern blattarian nymphs in
overall morphology.

Another interesting structure of the here described blat-
toid nymphs is the wing pad. The wing pad of the small
specimen (MAS Pal 653) is relatively large compared to its
body size. In modern blattarian nymphs the wing pads are
relatively short, the development of the wing taking place
in late nymphal stages (e.g., Miall & Denny 1886, Bell et
al. 2007). This is the result of a condensation of the wing
development. It parallels the evolutionary changes of on-
togeny in the endopterygote lineage. In Palaeozoic blattoid
nymphs the wing pads are in general longer than in extant
blattarian nymphs. More specimens preserving wing pads
and therefore allowing measurements will be important for
clarifying this issue.

Alternatively, the long wing pad could indicate an ad-
vanced developmental stage and a small total size of a sec-
ond species. Then the larger specimens would represent a
different species. This possibility can be evaluated when
more details on the adult blattoids are known.

�))

"�����
1$ 3D model showing the principal morphology of the blattoid nymphs from the Piesberg quarry. Details missing in the specimens amended
from comparative extant material (e.g., length of antennae), texture hypothetical, inspired by that of extant terrestrial arthropods. • A – dorsal view.
• B – oblique antero-dorso-lateral view. • C – size comparison of the smaller and the larger instar.
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Different ontogenetic stages of another arthropod from the
Piesberg quarry are known from one species of Euproops
(Xiphosura; Schultka 2000) with no less then 10 successive
stages, indicating a gradual morphological change through-
out development (Haug, C. et al. 2012b). Additionally, we
know different ontogenetic stages from Arthropleura and
Aphantomartus pustulatus from the Piesberg quarry, but
not to the same degree of detail as for Euproops, as fossils
of the former two are much rarer and mostly incomplete
(A. Leipner, pers. obs.). The blattoid nymphs presented
here represent another example of preserved fossil ontoge-
netic information in the Piesberg quarry.

The presented case also shows that understanding in-
complete fossils demands for comparisons with other, al-
ready better exploited Lagerstätten. For the Piesberg
quarry, Elmo appears to be an important source for com-
parison.

As pointed out above, the Carboniferous is a crucial
time for understanding the early diversification of insects
and the evolution of their development. Insect fossils that
exceed wing fragments are still rare from the Piesberg
quarry. The blattoid nymphs described herein represent
four additional specimens that fall into this better-pre-
served category. We also hope that the presentation of this
material facilitates the identification of more such material
for further studies.
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