
Insects have been supposed to represent the most diverse 
group of animals in extant and past times (cf. Grimaldi & 
Engel 2005, but see e.g. Haug et al. 2016 for the logical 
incorrectness of this statement). With first appearances in 
the Devonian (ca. 400 million years ago; e.g. Labandeira 
et al. 1988) their massive diversification began in the 
Carboniferous (around 360–300 million years ago) near 
the end of the Palaeozoic (e.g. Kukalová-Peck 1971, 
Wootton 1981). 

The enormous extant species richness (and individual 
richness) is unsurprisingly also reflected in the fossil 
record of insects to a certain extent. The majority of fossil 
insects in the Carboniferous seem to represent isolated 
wings; this part of the insect body seems to possess the 
best preservational capabilities (cf. Rasnitsyn & Quicke 
2002, Grimaldi & Engel 2005). 

Very abundant insect groups in the Carboniferous 
were representatives of Dictyoptera sensu lato and 

palaeodictyopteroideans (e.g. Carpenter 1992). Palaeo-
dictyopteroidea is an extinct group of palaeopterous 
insects (Carpenter & Burnham 1985 and references 
therein); currently it remains partly unclear if the group is 
monophyletic (a recent analysis by Sroka et al. 2015 found 
a monophyletic group, there termed Palaeodictyopterida). 
Palaeodictyopteroideans were middle-sized to large 
insects with a wing span up to over 500 mm (Rasnitsyn 
& Quicke 2002, Grimaldi & Engel 2005). They pos-
sessed pronounced meso- and metathoracic wings, but 
additionally paranotal lobes drawn out from the pronotum 
that probably had a flight stabilizing function (Kukalová 
1969a, 1970; Wootton & Kukalová-Peck 2000). Their 
wings have been interpreted as most “primitive” or better, 
less derived of all palaeopterous insects with a rather 
simple wing venation, i.e. less branching and ‘with either 
rich archedictyon or numerous cross-veins’ (Rasnitsyn & 
Quicke 2002, cf. also Kukalová 1970). The majority of  
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pa laeodictyopteroideans are only known by isolated wings 
or wing fragments (e.g. Kukalová 1969a, 1969b, 1970; Ku - 
kalová-Peck 1971; Brauckmann & Hahn 1978; Brauck - 
mann 1995; Brauckmann & Herd 2002; Prokop & 
Ren 2007; Brauckmann et al. 2009). Comparably few 
specimens preserved with major parts of their bodies have 
been reported (e.g. Kukalová-Peck 1971, Brauckmann 
1991, Ross 2010, Pecharová et al. 2015).

Even fewer specimens were found with their head 
still attached and additionally also revealing their mouth - 
parts, but these provide sufficient insights. The mouthparts  
appear to have formed a beak-like structure; based on this 
morphology and the stomach content of one specimen, 
it has been concluded that they seem to have sucked on 
plant juices (compare Kukalová 1970, Kukalová-Peck 
1972, Labandeira & Phillips 1996). The very posterior 
side of Palaeodictyopteroidea has been similarly less often 
described, due to the same reasons as before, but there 
were some findings of female and male genitalia. Males 
and females appear to have very long cerci (two times of  
abdomen). In some groups terminal claspers were de scribed 
for males (Prokop et al. 2016a and references therein).  
Females possess an ovipositor (Prokop et al. 2016a and 
references therein) which has been described as smaller, 
sometimes a little triangular as is seen in Ortho p - 
tera (e.g. Kukalová 1970, Brauckmann 1991), slightly 
curved (Kukalová 1969b, Kukalová-Peck 1971) or 
even long with sharp scissor-like edges (Brauckmann 
1991). During the Permian the abundances of palaeo-
dictyopteroideans dropped until they became most likely 
extinct at the end of the Permian (the identity of a Triassic 
palaeodictyopteroidean by Béthoux et al. 2010 has been 
criticised by Shcherbakov 2011). 

While the view on the adult biology of adult palaeo-
dictyopteroideans is incomplete, even less is known  
about their ontogeny. Only in few instances nymphal 
stages of palaeodictyopteroideans have been reported 
(Carpenter 1948; Richardson 1956; Rolfe 1967; Wootton 
1972; Kukalová-Peck & Peck 1976; Ross 2010; Prokop 
et al. 2013, 2017a, 2018; see Haug et al. 2016 for a recent  
review). Nymphs appear still to be rare among the Palaeo-
zoic insect fossils and identifying them as representing 
a palaeodictyopteroidean remains challenging as the 
majority of adult characters for identifying a palaeodictyo p- 
teroidean (or its in-groups) are based on wing characters 
which cannot be easily applied to nymphal wing anlagen.

Here we report findings of 308 million years old 
female palaeodictyopteroidean nymphs, more exactly of 
the ingroup Palaeodictyoptera, from the Piesberg quarry 
(north western Germany). These show exceptional pre s - 
ervation of overall body structures including massive 
presumable ovipositors. The possible impacts on palaeo-
dictyopteroidean developmental and breeding biology are 
discussed.

Material and Methods

Material. – The here described specimens (overview Fig. 1)  
with the collection numbers Pal. 1242 and Pal 709 come 
from the palaeontological collection of the Museum am 
Schölerberg (MaS Pal), Osnabrück. The numbers F208, 
F246, F133, F134 and F136 are from the collection of 
Michael Sowiak, Glandorf, Germany. His fossils are now 
in the possession of the Naturwissenschaftlicher Verein 
Osnabrück and will be deposited in the collections of the 
Museum am Schölerberg. The fossils were found in the 
Piesberg quarry near Osnabrück, in the roof shales of 
the coal seam Dreibänke (middle Pennsylvanian, latest 
Moscovian which corresponds to Westfalian D; detailed 
descriptions of geology of the Piesberg quarry, cf. Josten 
et al. 1984 and also Dunlop et al. 2008). It is worth 
mentioning that all here described fossil nymphs and 
further nymphs are from a single area of about 30 square  
metres. Other areas of the Piesberg quarry possess only 
very few nymphal specimens and mostly in a worse 
preservation.

Methods. – All specimens were photographed with 
a Canon Eos Rebel T3i, equipped with a MP-E 65mm 
objective and a Canon MT 24 Macro Twin Flash. In order 
to reduce reflections and enhance the contrast between 
fossil and matrix, all specimens were photographed under 
cross-polarised light (cf. Haug et al. 2008, 2009, 2011; 
Kerp & Bomfleur 2011; Hörnig et al. 2014).

All images were optimised for colour balance, 
saturation and sharpness in Adobe Photoshop CS2 and 
CS4. Adobe Photoshop CS2 and Adobe Illustrator CS2 
was also used to colour-mark the images and drawings. 
Terminology follows neutral arthropod terminology, 
special insect terminology is pointed out where necessary.

Results

Description of Pal. 1242

The specimen represents a palaeodictyopteran nymph 
in dorsal aspect (part in Fig. 2 and counterpart in Fig. 3) 
with a preserved total length (as in Fig. 2) of 49.9 mm. 
It is most likely an exuvia, as mostly only one half of 
the animal is preserved, when it probably broke free 
from medio-dorsal where a former suture is visible. As 
the specimen represents an insect it should have been 
originally organised in three major tagmata; the head 
(caput) and a bipartite trunk, with thorax and abdomen.

The head (ocular segment and post-ocular segments 
1–5) and thoracic legs are not visible due to preservation. 
The thorax (pro-, meso- and metathorax; post-ocular 
segments 6–8) is almost completely preserved (one half). 
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All three segments have a well sclerotised tergite each 
(pronotum, mesonotum, metanotum), which are drawn 
out laterally into lobe-like extensions.

The pronotum is of trapezoid/trapezium shape in dorsal 
view, with gently rounded corners and with a slight cavity 
anteriorly and an overall resemblance to an arrowhead. The 
surface near the anterior cavity is slightly granular, only 
on the anterior side and only on the counterpart (Fig. 3).  
The counterpart also seems less smooth on the surface 
compared to the part (Fig. 2), but wrinkly especially on its 
posterior. It is twice as wide (on its widest region) as long 
(absolute values in Tab. 1, as for all following thoracic 
segments). 

The mesonotum (in dorsal view) is more rectangular 
centrally with a posteriorly curving tip of its wing anlage 
and a pronounced wing venation. The wing anlage arises 
laterally of the rectangular central part of the tergite, as 
a lobe-like extension. Its anterior edge runs first abaxially 
but then curves back at a sharp angle (nearly 90°). The 
posterior edge gently curves backwards with a more 
rounded shape posteriorly. There are three major veins 
visible curving from one point in the anterior median, 
spreading slightly towards the tip of the wing anlage. 
These veins seem to protrude from the surface. The veins 

themselves do not seem to be connected; it is unclear 
whether this is the original condition or caused by 
preservation. There are only indications of other veins on 
the posterior medio-lateral part of the tergite (closer to the 
suture than the major veins) which seem to be parallel to 
each other and the three major veins. The anterior lateral 
part of the mesonotum shows (in the counterpart, Fig. 3) 
a slightly wrinkly surface, but this is only visible under 
certain viewing angles, wherein the surface in other angles 
appears smooth (Fig. 2). This same pattern corresponds 
with wrinkly surface of the posterior part of the pronotum. 
The tip of the wing anlage is also covered with a paler 
mineral than the rest of the fossil, possibly being organic 
residuals. The length of wing anlage (WL in Fig. 4) is 
three times as long as the median line (L2 in Fig.4). 

The metanotum is in dorsal view of comparable shape 
to the mesonotum with a few differences. Anteriorly 
it is more rounded without sharp edges as the anterior 
part of the mesonotum. Furthermore the metanotum is 
less curved posteriorly and straighter in shape than the 
mesonotum. There are three major veins visible, as in the 
mesonotum, and also indications of paralleling smaller 
veins (well visible on one side of the metanotum, on the 
other side it is not completely preserved; Figs 2, 3). The 
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Figure 1. Rochdalia-type insect nymphs from the Piesberg quarry. All specimens used in this study are in the same scale to reveal relative sizes. 
Isolated wings were doubled and mirrored. 



visible vein pattern is similar to that of the mesonotum 
from the anterior median part towards the tips of the wing 
anlage, though more anteriorly than in the mesonotum. 
The surface of the metanotum appears in both parts less 
granular than the mesonotum, but due to the preservation 
it is difficult to discern surface structures of the fossil 
from its stone matrix. The metanotum is, also, nearly three 
times as long in the length of the wing anlage (WL in  
Fig. 4) as compared to the median line (L2 in Fig. 4).

Abdominal segments are mainly represented by 
their dorsal sclerites (tergites). The presumable first two 
abdominal segments (post-ocular segments 9–10) are 
partly covered by part of the metanotal wing anlage and 
therefore only partially visible. They are half as long as 
the pronotum (absolute measurements in Tab. 2, as well 
as for all following abdominal segments). The tergites of 
abdominal segments appear to have a slightly granular 
surface, especially in the counterpart. Abdominal segment 
3 (post-ocular segment 11) is of rectangular shape and just 
slightly concealed by the metanotal wing anlage. Some 
part of it on its medio-lateral side presumably lacks due 
to preservation. The tergite of abdominal segment 3 has 
a lateral lobe-like protrusion on the left side (Fig. 2), 

a paranotal lobe, which is of trapezoid shape, directed 
slightly posteriorly and has tiny saw-like serrations 
posteriorly. The surface appears to be more or less smooth 
in both part and counterpart and it is four times wider than 
long. The tergites of abdominal segments 4 and 5 (post-
ocular segments 12–13) show similar shape in general, yet, 
with a less prominent saw-like armature on the posterior 
edge. The tergite of abdominal segment 4 is twice as wide 
as long, as well as the tergite of abdominal segment 5  
(post-ocular segment 13). The surface of the tergite of 
abdominal segment 4 differs between part and counterpart 
as on the counterpart it appears to have a smooth surface 
with only a few anterior-posterior directed cracks that 
come from anterior to midway through the notum. On 
the part it looks more like a wave rippled from anterior 
through the median part of it, making the surface wrinkly 
in a circular pattern on the median part of the wing anlage 
with exclusion of the lateral lobe which appears smooth. 
The tergite of abdominal segment 5, opposed to that, 
appears smooth with very slight wrinkles that also form 
wider circular patterns, extending from the preceding 
segment – probably due to the same reasons. Abdominal 
segments 6–9 (post-ocular segments 14–17) are also of 
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Table 1. Measurements [mm] of the presented fossilsʼ wing pads according to Fig. 4, with additional measurements of the total preservational length 
of the more complete fossils (not consisting only of the wing pad) including the length of their presumable ovipositors. Abbreviations as in Fig. 4. 
Symbol: – = not measurable.

Specimen

thoracic segments 
(pr: prothoracic; 

ms: mesothoracic; 
mt: metathoracic)

upper edge 
of wing pad 

(L1 in Fig. 4)

median length 
of tergite 

(L2 in Fig. 4)

diagonal length 
from respective 

outer points 
of L1 and L2 
(D in Fig. 4)

wing length 
(WL in Fig. 4)

total 
preservational 

length

Pal. 1242 (Fig. 2)

pr – 4.8 – 10.3

49.9ms 6.9 7.2 9.3 15.4

mt 5.3 6.2 8.0 16.2

Pal.1242 (Fig. 3)

pr – 5.4 – 10.3

30.7ms 7.3 7.7 9.7 19.7

mt – – – 14.3

F208 (Fig. 5)

pr? – 4.7 – 6.5

47.4ms 5.4 5.4 7.2 13.5

mt – 2.0 – 7.5

F246 (Fig. 6A, B) mt 2.7 2.9 3.7 8.9 27.4

F246 (Fig. 7C, D) mt 4.0 4.6 6.2 10.5 31.4

F133 (Fig. 7A, B) ms 8.0 7.8 9.3 14.4 –

F134 (Fig. 7A, B) mt – – – 17.9 –

F 136 (Fig. 7C, D) ms 10.5 6.7 12.0 18.8 –

Pal 709 (Fig. 7E, F) ms 6.6 5.7 8.0 14.1 –



rectangular shape, though with even less pronounced 
paranotal lobes – without abdominal segment 6 (post-
ocular segment 14) – and no saw-like serrated edge pos - 
t eriorly. All (abdominal segments 6–9) are about twice as 
wide as long. Abdominal segments 8 and 9 (post-ocular 
segments 16 and 17) additionally also have paranotal lobes 
on their right hand side, though their overall shape differs 
from preceding segments. Where the preceding segmentʼs 
paranotal lobes had a round, convex anterior shape, these 

two last, preserved segments have a more concave anterior 
shape of the paranotal lobes on both sides. Abdominal 
segment 8 (post-ocular segment 16) also appears to have 
a less well defined right hand side paranotal lobe, so with 
the sharp tip visible in the one on the other side (Fig. 2). 
This may indicate that only abdominal segment 9 (post-
ocular segment 17) is preserved entirely, as it shows both 
paranotal lobes in nearly similar preservation, i.e. with 
a sharp tip. 
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Figure 2. Rochdalia-type insect nymph from the Piesberg quarry. Part of MaS Pal. 1242; A – overview image; B – colour-marked version of A, in 
red and orange thoracic segments, in blue and cyan abdominal segments, other colours ovipositor valves (if distinguishable); C – close-up of first 
visible abdominal paranotal lobe of abdominal segment 3; D – close-up of ovipositor; arrows mark serrations. Abbreviations: a – abdominal tergites;  
pr – pronotum; ms – mesonotum; mt – metanotum; ovi – ovipositor.



Presumably ventrally arising from abdominal segments 
8 and 9 is an elongated triangular structure. This structure 
is about as long as the posterior five abdominal segments 
and is four times as long as its base wide (absolute 
measurements also in Tab. 2). The structure appears to 
be divided into three parts. The lateral edges appear to be 
serrated and of a darker colour than the median part. The 
surface of the structure seems more or less smooth. No 
additional structures of the further posterior abdominal 
segments are apparent.

Description of F208

The specimen represents a palaeodictyopteran nymph 
in slightly latero-dorsal aspect (Fig. 5) with a preserved 
total length of 47.4 mm. The specimen is less completely 
preserved than Pal 1242, but similar in appearance. 
Mainly differences observed compared to Pal 1242 are 
pointed out. 

Also here the head (ocular segment and post-ocular 
segments 1–5) and the thoracic legs are not visible, too, 
due to preservation. It is unclear whether a part of the 
pronotum is preserved; a candidate piece could for this 
also represent a part of the metanotum. Yet, it has a similar 
granular structure on it, though more postero-laterally 
than in Pal. 1242. These structures also appear to be larger 
than in Pal. 1242 and appear more like nubs than granules. 
The possible pronotum is 1.5 times as long as wide in 
dorsal view [absolute measurements in Tab. 1, as for all 
following thoracic measurements; here, as it is unclear 
to which segment it belongs, the absolute values were 

derived from measuring the anterior lying edge (as L2)  
and perpendicular to that the other measurement (as WL)].  
Left(?) tergites of meso- and metanotum are either 
incompletely preserved or not at all. 

The mesothoracic wing anlage is similar in general 
shape to that of Pal. 1242, though the angle at which it 
bends backwards is wider than in Pal. 1242 making it 
a softer angle. The posterior side of the wing anlage is 
also less curved than in Pal. 1242. Both aspects might 
be caused by the slightly different orientation of the 
specimen. The venation is less well preserved; of the three 
veins seen in Pal. 1242, here just one or two are visible. 
The surface appears to be smooth, at least on the part the 
proximal part of the wing anlagen is more wrinkly and 
difficult to distinguish from the other thoracic segments 
due to its poor preservation of details. Length of the wing 
anlage (WL in Fig. 4) is more than twice as long as the 
median line (L2 in Fig. 4). 

The metathorax in dorsal view is partly concealed by 
the wing anlage of the mesothorax; only the more distal 
and the more proximal parts are visible. Venation of the 
wing anlage is slightly better preserved; two pronounced 
veins are apparent on the distal part and also indications 
of smaller veins on the proximal part, presumably 
parallel to the main veins. The length of the wing anlage 
of metathorax (WL in Fig. 4) is more than twice as long 
as the median line (L2 in Fig. 4), from what can be 
extrapolated from the visible parts.

The abdomen is more difficult to interpret than the 
thorax; the exact outlines of the tergites are not well 
preserved. The observable morphology resembles the one 
from Pal. 1242 in its overall shape; yet, there seem to be no  
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Table 2. Measurements [mm] of the abdomen of the more completely preserved specimens (Pal. 1242, F246 and F208). Including width and length 
of each abdominal segment and ovipositor measurements. Abbreviation: abd – abdominal segment. Symbols: – = not measurable; x = not preserved.

maximum width abd 1 abd 2 abd 3 abd 4 abd 5 abd 6 abd 7 abd 8 abd 9 ovipositor

Pal. 1242 (Fig. 2) – – 7.8 7.4 7.1 5.0 6.0 6.3 5.0 2.6

Pal. 1242 (Fig. 3) – – 8.1 7.5 6.8 x x x x x

F208 (Fig. 5) 9.4 11.5 8.8 8.6 8.6 6.5 6.6 7.0 6.0 2.8

F 246 (Fig. 6A) – 2.9 6.6 6.5 6.3 5.4 4.6 x x 2.0

F246 (Fig. 6C) – 6.5 6.6 7.3 5.9 7.0 7.1 x x 1.8

median length abd 1 abd 2 abd 3 abd 4 abd 5 abd 6 abd 7 abd 8 abd 9 ovipositor

Pal. 1242 (Fig. 2) 2.9 2.3 2.8 3.1 2.6 2.4 3.0 2.4 2.5 12.4

Pal. 1242 (Fig. 3) 3.0 2.1 3.0 3.0 – x x x x x

F208 (Fig. 5) 6.3 2.6 3.4 3.4 4.0 2.6 3.5 2.6 2.9 11.9

F 246 (Fig. 6A) – 1.9 2.4 2.1 1.8 1.4 1.4 x x 6.5

F246 (Fig. 6C) 2.8 2.0 2.1 2.3 2.1 1.8 1.5 x x 7.1



pronounced paranotal lobes as seen in Pal. 1242, only 
(slight) indications; this may again be a preservation effect  
or due to its apparently changed orientational preservation. 

The tergite of abdominal segment 1 (post-ocular 
segment 9) is more square shaped than the following 
abdominal segments and is partly covered by the 
metathoracic wing anlage. It also appears to have 
a different surface structure and colouration than all 
following segments, with similarities only to that of the 
wings. The tergite of abdominal segment 2 (post-ocular 

segment 10) has in opposite to the preceding segment 
a more widened, square-shape and a darker colouration. 
It also appears to have a more or less smooth surface, 
with a few wrinkles, perpendicular to the anterior-
posterior axis. On the medio-anterior part of the tergite of 
abdominal segment 2 is a rectangular structure, which is 
set off from the rest of the segment (arrow Fig. 5A). On the 
more ventral side it has a few mostly circular white spots 
that congregate very lateral. These represent preparation 
artefacts. The segments are each about twice as wide as 
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Figure 3. Rochdalia-type insect nymph from the Piesberg quarry. Counterpart of MaS Pal. 1242; A – colour marked version of B, colour-marking 
corresponding to Fig. 2B, overview image; C – close-up of first visible abdominal paranotal lobe of abdominal segment 3 (counterpart of Fig. 2C). 
Abbreviations as in Fig. 2.



long (absolute measurements for all abdominal segment 
measurements in Tab. 2), yet they are partly concealed by 
the wing anlagen, especially abdominal segment 2 which 
seems to probably have a paranotal lobe remain visible 
under the metathoracic wing anlage. 

The tergites of abdominal segments 3–5 (post-ocular 
segments 11–13) deviate slightly from the squared to 
rectangular shape, as they have remains of presumably 
paranotal lobes that are roughly similar to that of abdominal 
segment 2. That makes them appear even wider than long, 
more like an elongated trapezoid than a rectangle. This 
is probably caused by the orientation of the specimens, 
which is different from that in Pal. 1242, as it presents 
a slightly more lateral view. The tergite of abdominal 
segment 3 (post-ocular segment 11) is three times as wide 
as long, the following two segments just twice as wide 
as long. This tergite shows a similar colouration to its 
preceding segment and even more wrinkles, but it lacks 
the set off rectangular structure of the tergite of abdominal 
segment 2. There are also white, mostly circular spots of 
preparation artefacts on its paranotal lobe and also a few 
on the other side of the segment. The tergite of abdominal 
segment 4 (post-ocular segment 12) has, different from 
preceding segment, a darker colouration and the same 
set off structure of abdominal segment 2, though here it 
circular and more set off (arrow Fig. 5A). It has an overall 
smoother surface than its preceding segment. The tergite 
of abdominal segment 5 (post-ocular segment 13) looks 

overall more like abdominal segment 3, in colouration and 
also without the set off structure and the overall surface 
structure, though it has white, mostly circular spots more 
ventral and on the paranotal lobes, as with abdominal 
segments 2 and 3 (preparation artefacts). The tergites of 
abdominal segments 6–9 (post-ocular segments 14–17) 
are more rectangular with no apparent paranotal lobes 
and an overall smooth surface save for the white spots of 
preparation artefacts. The tergite of abdominal segment 6  
(post-ocular segment 14) is of the same colouration as the 
tergite of abdominal segment 4, but it is covered with the 
white, circular preparation spot. It also has the circular, 
set off structure of the tergite of abdominal segment 4 and 
is also twice as wide as long. The tergite of abdominal 
segment 7 (post-ocular segment 15) is similar in all 
regards to its preceding segment, though it has slightly 
less preparation artefacts and appears to be also slightly 
smaller. It is less than twice as wide as long. The tergite 
of abdominal segment 8 (post-ocular segment 16) is of 
same colouration again, with also fewer preparation 
artefacts, but no set off structure. It is twice as wide as 
long. The tergite of abdominal segment 9 (post-ocular 
segment 17) has a slightly paler colouration. The then 
following structure is of comparable shape to that of Pal. 
1242. Yet due to preservation there are no distinguishable 
sub-structures. The entire structure is as long as the four 
preceding abdominal segments combined or nearly four 
times as long as its base wide (absolute measurements in 
Tab. 2). Its surface appears to be overall smooth, without 
the few white preparation artefact spots that are on its 
more posterior part. 

Description of F246

This specimen also represents the incomplete remains of 
a palaeodictyopteran nymph (Fig. 6). It is slightly smaller 
than the preceding two, but in general morphology 
resembles these specimens. Mainly differences are 
pointed out.

The head (ocular segment and post-ocular segments 
1–5), part of the thorax (pro- and mesothorax; post-ocular 
segments 6–7) and all thoracic legs are not visible, due 
to preservation. The metanotum is more completely 
preserved with its wing anlagen in dorsal view. Its shape 
is similar to that of Pal. 1242. Venation of the wing anlage 
is visible with the three (possible) major veins, but again 
not as well preserved as in Pal. 1242. There are indications 
of smaller veins, parallel to the three major veins. The 
surface structure of the metanotum is difficult to discern 
as it mostly appears smooth and otherwise follows the 
structures of the surrounding stone matrix. The colouration 
of the surface is homogeneous a paler grey than the 
surrounding matrix in the part (Fig. 6A); in the counterpart 
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Figure 4. Measurement points along the wing. Schematic drawing. 
Abbreviations: D – diagonal of wing basis connecting outer ends of L1 
and L2; L1 – anterior wing margin from median line to last abaxial point 
before wing bends posteriorly; L2 – median line as central line of notum;  
WL – wing length as measurement from most anterior point of the 
median line (L2) to wing apex.



it is darker (Fig. 6D). The left wing anlage (Fig. 6A) 
seems to have a weak serration on its posterior edge, 
which also appears on the counterpart (Fig. 6D). Its wing  
anlagen length (WL in Fig. 4) is nearly three times as long 
as the median line (L2 in Fig. 4), as is also in Pal. 1242. 

The abdominal segments are slightly wider than those 
of the other specimens (in dorsal view), but in general 
similar. The wider appearance can most likely be attributed 
to pronounced paranotal lobes. These have a more 
pronounced triangular to lobed shape. The paranotal lobes 

also appear to be stronger set off from the central part of 
the tergite. The tergites of the first two visible segments are 
twice as wide as long. The tergite of the following segment 
is thrice as wide as long. The presumable paranotal lobes 
preserved on the opposite side (see especially paranotal 
lobes of abdominal segment 6 and 7; right side in Fig. 6C) 
seem to be rather triangular and sharp in shape, but this 
might be a preservation artefact. 

That has effects on the size as the tergites of the last 
three segments are three times as wide as long, which is 
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Figure 5. Rochdalia-type insect nymph from the Piesberg quarry, specimen F208; A – colour-marked version of B, colour-marking corresponding to 
Fig. 2B, overview image; arrows mark possible stigma openings; C – close-up of ovipositor. Abbreviations as in Fig. 2.



relatively wider than in Pal. 1242. The overall surface 
of the tergites of the abdominal segments appears to be  
similar to that of the wing anlagen, smooth with structures 
indiscernible from the surrounding stone matrix. However, 
the surface colouration is more variable, as the last three 
segments are darker medially than on their edges. The 
posterior end is formed by an elongate triangular structure, 
which strongly resembles those of the other specimens 
in its shape, but is not too well preserved. Its surface 
structure is similar to that of the preceding abdominal 
segments, as is the colouration. It is darker on the left 
hand side (Fig. 6A) than on the other side, in a similar 
fashion as the tergites of the three preceding segments. It 
is more than three times as long as wide on its base. It has 
some saw-like serrations like Pal 1242.

Description of F133, F134

Specimens F133, F134 are remains of wing anlagen of 
presumably the same specimen, due to very close spatial 
association – F133 presumably represents a meso- and 
F134 a metathoracic wing anlage (Fig. 7A, B). The 
overall size of both wing anlagen appears slightly larger 
than those of Pal. 1242.

Specimen F133 shows several similarities to meso-
notum of Pal. 1242, though on its base it is anteriorly 
incomplete. The sharp angle at which the wing bends 
posteriorly and the general shape is very similar to Pal. 
1242. Its length (WL in Fig. 4) is nearly twice as long 
as the median line, so appears slightly shorter than in 
Pal. 1242. Yet, this might be due to preservation effects. 
The venation pattern of the wing anlagen is also nearly 
exactly the same as in Pal. 1242, beginning in the upper 
⅔ part of the median line and then bending towards the 
wing tip with three veins. Parallel to that are indications 
of other, smaller, veins. Its surface appears to be overall 
lightly granulated. The colouration of the surface is more 
or less homogeneous, with only a few paler patches on its 
anterior margin and on the tip. 

Specimen F134 resembles a part of the metanotum of 
Pal. 1242, though again has more veins than are visible 
in Pal. 1242 with at least 5 different veins. It is slightly 
incomplete at its base and anteriorly near the wing tip, 
where the former broke off. Its length (WL in Fig. 4) is at 
least twice as long as the median line, so slightly shorter 
than in Pal. 1242. Again this might be due to preservation 
effects. The surface structure is also a little bit granular, 
and the colouration of the surface also mostly resembles 
that of F133. The anterior margin is more strongly 
coloured than the rest of the metanotum (F134) which 
is compared to the mesonotum (F133) slightly paler. 
Veins here are overall less detectable than in its meso- 
notum. 

Description of F136

This represents presumably a mesothoracic fragment (Fig. 
7C, D). It resembles the mesonotum of Pal. 1242 and F 134.  
This accounts for shape, the sharp angle at which it 
bends posteriorly (though slightly sharper than in Pal. 
1242) and the pronounced venation of the wing anlagen 
with the three main veins and possibly other veins. There 
are indications of paralleling smaller veins. It is nearly 
a complete wing anlage, though near the base of the wing 
anlage it is slightly incomplete. Its length (WL in Fig. 4) is 
at least 2.5 times as long as the median line (L2 in Fig. 4)  
like it is in Pal. 1242 approximately. The size is most 
similar to the one of F 133. Its surface structure appears, 
especially at its base, very wrinkly at some parts and at 
others more smooth. The colouration is not homoge- 
neous, as it has darker patches on the tip of the wing 
anlagen, the lateral margin at its base and on the three main  
veins. 

Description of Pal. 709

This represents presumably a mesothoracic fragment (Fig. 
7E, F), which seems also most similar to that of Pal. 1242. 
This accounts for general shape, the sharp angle at which 
it bends posteriorly and the more or less pronounced 
venation of the wing anlage with the three main veins. 
There are also indications of paralleling smaller veins. 
This wing anlage seems to be more complete at its base 
than F133, but there is instead some part posteriorly in the 
middle of the wing anlage missing. Its length (WL in Fig. 4)  
is at least twice as long as the median line (L2 in Fig. 4),  
so slightly shorter than in Pal. 1242. Also this might be 
due to preservation effects. The overall size is quite 
similar to the mesonotum of Pal 1242. 

Its surface appears more or less smooth with a little bit 
of granulation, and the colouration of the surface is, again, 
homogeneous with the exception of the tip of the wing 
anlage where it is of a paler colour with dark patches. 

Discussion

Systematic interpretation

One can interpret the here described specimens as possibly 
conspecific (see also further below) and we discuss their 
affinities therefore together. The overall insect affinity of 
these fossils should be clear due to the principle tagmosis 
(body organisation) of the more complete specimens.

The morphology of these specimens is furthermore 
characterised by: 1) pronounced paranotal lobes on the 
pronotum and a concave anterior rim of the latter, 2) 
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pronounced wing anlagen on mesonotum and metanotum 
with apparent, but simple venation and 3) paranotal lobes 
arising from abdominal segments that do not show the 
more feathery appearance of gills.

Paranotal lobes on the pronotum are most likely 
a plesiomorphy for all pterygotes, and became repeatedly 
lost in different lineages (compare Kukalová-Peck 1978, 
Rasnitsyn 1981). Also pronounced wing anlagen are most 
likely an ancestral feature that was reduced repeatedly in 
several lineages (recent review in Haug et al. 2016), but 

make it most likely that the specimens represent nymphal 
stages (they could more unlikely represent paedomorphic 
forms, see discussion in Hörnig et al. 2018). Abdominal 
paranotal lobes might also be plesiomorphic (see examples 
in Prokop et al. 2016b) but seem to be not too common. 
In ephemeropterans such abdominal paranotal lobes are 
developed as gills (see discussions in Grimaldi & Engel 
2005 or Tomoyasu et al. 2017), which is not the case 
here. Hence the specimens are characterised by numerous 
presumably plesiomorphic features. A candidate group 
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Figure 6. Rochdalia-type insect nymph from the Piesberg quarry, specimen F246; A – overview image of F246; B – colour-marked version of A, 
colour-marking corresponding to Fig. 2; C – colour-marked version of A; D – overview image of counterpart to A; E – close-up of ovipositor from A; 
F – close-up of ovipositor from D. Abbreviations as in Fig. 2.



for insects with numerous plesiomorphies is the group 
Palaeodictyopteroidea, a now extinct group of insects 
with piercing mouth parts. 

There are currently (roughly) three major types of 
Carboniferous insect nymphs apart from those that can 
directly be identified as dictyopteran nymphs, among them 
palaeodictyopteran-type nymphs, which can be compared 
to the specimens at hand:

1) Lameereites-type nymphs (Haug et al. 2016) show 
the least similarities to the here described specimens. The 
paranotal lobes of the pronotum are almost absent, thin 
spines may represent remains of it (Kukalová-Peck 1972). 
The wing anlagen are curved and lobe-like and appear 
less rigid. Finally the abdomen is slender and elongate, 
distantly resembling that of modern adult dragonflies.

2) Herdina-type nymphs (Haug et al. 2016) are more 
similar to the specimens described here. Paranotal lobes 
of the pronotum are present, but not as pronounced; also 
no anterior concavity of the pronotum is apparent. The 
wing anlagen are also less rigid and possess a pronounced 
mesh-like vein pattern as opposed to the curved veins in 
the specimens described here. Lastly, while the abdomen 
appears quite wide, most likely due to abdominal 
paranotal lobes, these do not appear to be as pronounced 
as in the here described material.

3) Rochdalia-type nymphs are extremely similar 
to the here described material in all aspects, pronotum, 
wing anlagen and abdomen morphology. The here 
described specimens show a very close resemblance to 
a palaeodictyopteran insect nymph described by Rolfe 
(1967) and Wootton (1972) under the name Rochdalia 
parkeri as well as similar looking Idoptilus onisciformis. 
These two supposed species possibly represent nothing 
less than two stages of an ontogenetic sequence (see 
further below for details; see also Prokop et al. 2017b for 
recent investigation on these specimens).

The thoracic tergites appear largely indistinguishable; 
the abdominal segments at least in the best preserved 
specimens (Pal. 1242) differ slightly more from the 
nymphs described by Rolfe (1967). In the new specimens 
the paranotal lobes are more pronounced and have saw-
like serrations posteriorly though the overall tapering 
shape (towards posterior) seems to be very similar. This 
difference might be explained by a) better preservation 
of the new specimen or b) the fact that these speci- 
mens represent two different species that differ in this  
respect.

A new character not described before on this type of 
nymph is the elongate, massive, triangular and tripartite 
structure at the posterior body end. It can be interpreted 
in the following way: the entire triangular structure 
presumably represents the ovipositor, with three structures 
as possibly three valves; further valves are most likely 
not visible due to preservation; i.e. most likely covered 

by the observable ones. Rolfe (1967) and Wootton 
(1972) described two specimens, without comparable 
structures preserved. The here described specimens 
are hence extremely similar to the nymphs described 
by Rolfe (1967) and Wootton (1972). We therefore 
interpret the here described specimens as Rochdalia-type 
palaeodictyopteran nymphs.

Similarities to dictyopteran nymphs

While most authors interpret Rochdalia-type nymphs 
as nymphs of palaeodictyopterans, there still seems to 
be a resemblance with roachoid ones (i.e. early repre-
sentatives of Dictyoptera sensu lato sensu Hörnig et al. 
2018). Rolfe (1967) e.g. depicts a third nymph strongly 
resembling the Rochdalia-type ones, but being interpreted 
as a roach-like nymph hence a dictyopteran. The specimen 
was recently reinterpreted as a species of Idoptilus (Prokop 
et al. 2018). Dictyopteran nymphs indeed show numerous 
similarities with palaeodictyopteroidean nymphs. This 
is in fact a major problem especially when a fossil spe-
cimen is fragmentary – which seems to be the most 
common preservation. The standard criteria to distinguish 
fragmentary insects especially wing venation pattern is 
challenging to apply, as in nymphal stages venation of 
wing anlagen is less pronounced and less complex. If not 
found together with the more complete specimens the 
tergite fragments described here could have been as well 
interpreted as remains of dictyopterans, which are known 
to have occurred in the Piesberg-quarry fauna (Haug et al. 
2013, Hörnig et al. 2014).

The overall habitus is at first glance similar in nymphal 
dictyopterans and Rochdalia-type nymphs. Differences 
include:

1) The shape of the pronotum which appears more 
rounded in co-occurring dictyopterans (sensu lato) 
(Hörnig et al. 2014), but more polygonal and anteriorly 
notched in Rochdalia-type nymphs.

2) It seems also that the mesothoracic wing anlagen is 
bending with a slightly sharper posteriorly angle in fossil 
dictyopterans than Rochdalia-type-nymphs.

3) The surface of the mesonotum anterior to the veins 
appears tuberculate in the new Rochdalia-type specimens. 
Dictyopterans seem to have a smooth surface in this  
area.

Many other aspects are quite similar. Also dictyopteran 
nymphs can possess quite well-developed wing anlagen, 
as well as abdominal paranotal lobes. Yet, all these 
similarities cannot be easily used to argue for a closer 
rela tionship between the two. When comparing these 
characters in a wider scale it seems most likely that all 
these characters represent symplesiomorphies retained in 
Rochdalia-type nymphs, as well as in dictyopteran-type 
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nymphs. This indicates that among the three types of 
presumed palaeodictyopteroidean nymphs the Rochdalia-
type is possibly the least derived one and hence important 
for the understanding of the ontogeny in early insects. 

Conspecifity and ontogenetic sequence

All three more complete specimens (F208, F246, Pal. 
1242; Figs 2, 3, 6) strongly resemble each other. There 

are no characters apparent that could be attributed to 
species differences. All recognisable differences are either 
preservational or could be ontogenetic. Specimen F 208 
is significantly smaller and hence most likely represents 
an earlier developmental stage. The fragmentary tergites 
described here (F133, F134, Pal. 709 and F136; Fig. 7)  
show the exact same morphology as those on the more 
complete specimens, with the general outline, the 
characteristic posteriorly bending angle of the apex and 
the few veins of the wing anlagen. Specimen Pal. 709 
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Figure 7. Rochdalia-type insect nymphal wing fragments from the Piesberg quarry. Specimens F133, F134, F136, Pal. 709; A, B – overview of F133 
(mesothoracic wing; upper one) and F134 (metathoracic wing; lower one); C, D – overview of F136 (mesothoracic wing); E, F – overview of Pal. 709 
(mesothoracic wing).



matches exactly with the mesonota of the more complete 
specimens and hence most likely represents the same 
developmental stage. Specimens F133, F134 and F136 are 
larger, but otherwise show the exact same outline, hence 
most likely represent a later developmental stage.

There are not too many morphological differences 
observable that could be interpreted as changes throughout 
a presumed ontogenetic sequence. The smallest specimen 
(F246) shows a venation of the wing anlage that is less 
pronounced than in the others, which could be attributed 
to a less far developed status. Also the fact that in F133, 
F134 more veins are pronounced could be explained by an 
ontogenetic sequence.

One can also not fully exclude that the three presumed 
stages represent the corresponding stages of three different 
sized species. Yet, this may not be parsimonious and also 
does not explain the less pronounced venation of the 
wing anlagen in the smallest specimen. Hence following 
Ockhamʼs razor the material described here is interpreted 
as representing an ontogenetic sequence of three stages 
of a single species. One can currently not suggest how 
the adult might have looked like, besides the fact that the 
female should have possessed a massive ovipositor and 
paranotal lobes.

Taxonomy

While there remain many uncertainties, we provide, based 
on the discussion above, a taxonomic interpretation:

Insecta Linnaeus, 1758
Pterygota Gegenbaur, 1878
Palaeoptera Martynov, 1923
Palaeodictyopteroidea Rohdendorf, 1961

Incertae sedis

Remarks. – Although it is in principle possible to 
identify immature insects to species, this is not possible 
in the current case. Also, immature insects have been 
used to erect new species. Also this is in principle 
possible when providing a differential diagnosis. As 
adult palaeodictyopteroideans are known from the same 
deposit, a conspecifity to the nymphs cannot be easily 
excluded. Hence we refrain of erecting a new species on 
the specimens in order to not create synonyms. 

Ontogenetic sequence: extrapolated

While it is difficult to infer ontogenetic morphological 
changes based on the present material, one can make 
some rough extrapolations when including the known 

specimens of the Rochdalia-type (Rolfe 1967, Wootton 
1972) into the discussion. As these are very unlikely to 
be conspecific, any inferences become “more blurry” as 
the species from the UK (Rolfe 1967, Wootton 1972) 
might possess slightly different developmental patterns 
to that from Germany. Nevertheless such coarser 
ontogenetic reconstructions have been employed e.g. for 
megasecopterans (recent review Haug et al. 2016) and 
still provided interesting insights. In the current case one 
can state the following:

The smaller specimen of the Rochdalia-type (shown 
as combined with here described details in Fig. 8A) from 
the UK has less pronounced venation of the wing anlagen 
and its lateral wing anlagen rim are almost parallel to the 
body axis diverging only about 12° (Fig. 8D). This could 
correspond well to the developmental state of F246. 

The larger specimen of Rochdalia (also shown as 
combined with here described details in Fig. 8A, B) has 
slightly longer wing anlagen which show more veins. The 
lateral edge forms an angle of about 18° against the body 
axis (Fig. 8E).

In the larger specimens (here described) the wing 
anlagen are even more pronounced, longer with more 
veins indicated (Fig. 8C). The angle against the body axis 
has reached 30° (Fig. 8F).

This provides a plausible reconstruction of the 
ontogeny of Rochdalia-type insects. The overall ontogeny 
is very gradual. The wing anlagen are at first directed more 
posteriorly but successively are held more laterally (Fig. 8)  
as known for megasecopterans, i.e. Lameereites-type 
nymphs (but see Prokop et al. 2017a). The gradualness 
of the sequence is further emphasised by the presence 
of a massive ovipositor, a typical adult feature. This 
also demonstrates that the two specimens from the UK, 
although generally recognised as two species might well 
represent nothing less than two stages of one species. 
At least it becomes more difficult to provide a clear 
differential diagnosis for them as differences between 
them seem to correspond to ontogenetic differences.

Ovipositor: identity

The posterior triangular, elongated structure shown by all 
three more complete specimens (Figs 2D; 5C; 6E, F) is 
interpreted as the ovipositor. Best preservation is seen in 
Pal. 1242 (Fig. 2); here the supposed ovipositor is even 
subdivided into three parts, most likely representing 
valves (Fig. 2D). 

Based on the posterior position one could also argue 
that this structure could be alternatively interpreted. 
For example it could be suggested that these represent 
unusually preserved cerci. The shape would be rather 
uncommon, even if suggesting that the two cerci form 
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a triangular shape or sticking together as preservation 
effects. One should expect to see at least indications of 
annular structures. Also the serrations at its lateral parts 
are not easily compatible with the interpretation as cerci. 
The entire specimen is comparably well preserved, hence 
a preservational interpretation of these structures is not 
convincing.

In extant dragonfly nymphs the paraprocts (elongations 
of ventral sclerotisations of the 11th abdominal segment 
bordering the anus) seem to form a triangular shape (Fig. 9),  
hence one could argue that one faces a similar case in 
the described fossils. In the specimens at hand distinct 

abdominal segments 10 and 11 are not apparent, yet this 
accounts for most flying insects, not excluding these 
structures from arising from these segments.

More important, enlarged paraprocts seem to be re stric - 
ted to odonatan type larvae and so far unknown in other 
early flying insects, still we cannot exclude that the struc tu- 
res seen here have evolved independently from odonatans.

The shape of the structures is more compatible with 
an interpretation as an ovipositor, as they are significantly 
more elongated than paraprocts of odonatan larvae. Still 
one has to admit that the structure is also wider at its base 
than most ovipositors.
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Figure 8. Simplified reconstruction of palaeodictyopteran nymphs in sequence; A, B – extrapolations based on Rolfe (1967) and Wootton’s (1972) 
specimens; C – based on Pal. 1242; D–F – angles at which A–C’s mesonotal wing anlagen bend backwards.



An important argument for an interpretation as an 
ovipositor is the lateral serrations of the structures. Such 
serrations are known from extant ovipositors in groups 
such as Odonata (see also further below).

Finally, we know that late nymphal stages indeed can 
possess rather prominent ovipositor precursors (see Hörnig  
et al. 2018 for a recent summary). One example is nymphs 
of the fossil odonatan group Aeschnidiidae, which bear 
very long ovipositors (e.g. Zhang 1999, 2000; Zhang & 
Zhang 2001). Also among palaeodictyopteran nymphs 
well-developed ovipositor structures can occur, but the 
exact length cannot be inferred due to fragmentary preser - 
vation (Prokop et al. 2016b). Taken together we prefer the in- 
terpretation of the structure as an ovipositor over alterna- 
t i ve interpretations based on the criterium of Ockhamʼs razor.

Ovipositor: biological interpretation

Why do these – probably late, but still – nymphs have 
such prominent, ‘normally’ adult characteristics as 
a pronounced ovipositor? This may be explained by 
a “construction limitation”. Massive ovipositors in the 
nymph can be interpreted as an indication for an even 
larger ovipositor in the adult. Such a massive ovipositor 
presumably needs to be ‘built-up’ step wise in a gradual 
manner. Similar cases are known in some groups of extant 
orthopterans and fossil representatives of Dictyoptera 
sensu lato (Hörnig et al. 2018).

Such massive ovipositors are most probably used for 
endophytous egg-laying. In such cases a large, pointed 
structure is required to breach a plant’s outer cell layer to 
create a cavity for the eggs. The serrations as seen in Pal. 
1242 (Fig. 2D) have most likely supported this process by 
sharpening the edges (in a saw-like manner) and making it 
easier for creating that cavity inside the plants.

Finally one can even speculate that the large sized 
ovipositor gives us further hints about the breeding bio l-
ogy. One should expect a correlation between ovipositor 
size and egg size, at least to a certain degree. Hence, such 
a massive ovipositor is most likely indicative of large 
and yolk-rich eggs. Ovipositors of other palaeodictyop - 
teroideans are also large, but not as massive. These 
resemble the curved and more slender ovipositors seen 
in orthopterans (Kukalová 1969b, Kukalová-Peck 1971). 
There are also palaeodictyopteroideans with straight 
ovipositors (e.g., Prokop et al. 2016a), but which are not 
as long as those described in this study, not significantly 
extending beyond the posterior body end.

Conclusion

Here a first selection of nymphal palaeodictyopterans 
found in the Piesberg quarry is presented. Especially their 

combination of far developed presumed genital structures 
and still underdeveloped wings is interesting, giving 
important insights into the developmental biology of this 
extinct insect group. Comparable fossils still represent 
something rare with few finds so far worldwide. The Pies - 
berg quarry has demonstrated in recent years that its fossils 
provide significant new insights into the ontogeny of 
Moscovian aged, 308 million years old arthropods (Haug 
et al. 2012, 2013; Nel et al. 2013; Hörnig et al. 2014) and 
the new finding add to this list. One can expect further 
important findings from the Piesberg quarry in the future. 
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