
INTRODUCTION

The Protomyrmeleontidae, a small family of Odonato-
ptera: Archizygoptera, sister group of modern Odonata,
ranges in age from the Late Triassic to the Early Creta-
ceous. Members of this family superficially look like the
modern damselflies with the longest petiolate wings.
Protomyrmeleontids have a very particular wing venation,
characterised by a unique pattern of the radial area with
the main veins apparently branching off from RP3/4,
instead of RP, with RP3/4 and RP2 being forked, unique
among Odonatoptera. Whereas other Archizygoptera dis-
appeared at the end of the Triassic, the Protomyrmeleon-
tidae continued to flourish during the Jurassic and the
Early Cretaceous, with genera widespread all over the
World. This group of damselfly-like Odonatoptera is even
more taxonomically and morphologically diverse than the
true Zygoptera during the Late Jurassic. Its extinction
during the Early Cretaceous remains unexplained. This
family has been the subject of several recent revisions and
descriptions of new genera and species, and an attempt of
phylogenetic analysis (Zessin, 1991; Nel, 1992; Nel &
Henrotay, 1992; Ansorge, 1996; Martínez-Delclós & Nel,
1996; Bechly, 1997; Henrotay et al., 1997; Nel & Jarzem-
bowski, 1998; Nel et al., 2005). Nevertheless they remain
rather enigmatic because the great majority of fossils are
only isolated wings while their body structures remain
poorly known.

The present study of three new specimens constitutes,
with the description of two new species, the first record

of this family from the Mesozoic of China and the first
Chinese representatives of the archizopteran Protozygo-
ptera, sister group of the Odonata. One of these fossils is
of special interest for its exceptional state of preservation
of body structures, which add new data to our knowledge
of this family, and also of the Archizygoptera, confirming
the sister group relationships between them and the clade
of modern Odonata.

The fossils come from the volcanic deposits of the
Middle Jurassic Jiulongshan Formation near the
Daohugou Village, Wuhua Township, Ningcheng
County, Inner Mongolia, north-east China. These deposits
have yielded very rich and exceptional fossils, such as
plants, invertebrates (e.g. insects, conchostracans, anos-
tracans, spiders, harvestman), and vertebrates (e.g. sala-
manders, pterosaurs, mammaliaformes) (Huang et al.,
2006). The Odonatoptera are exceptionally diverse and
numerous, but mainly represented by adults of the
epiproctophoran lineage.

TAXONOMY

All drawings were made using a camera lucida and a
binocular microscope. The nomenclature of the dragonfly
wing venation is based on the interpretations of Riek &
Kukalová-Peck (1984), amended by Nel et al. (1993) and
Bechly (1996). For a discussion on the very particular
protomyrmeleontid wing venation, see Nel & Henrotay
(1992).
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Abstract. Protomyrmeleon daohugouensis sp. n. and Protomyrmeleon lini sp. n., two new species of Protomyrmeleontidae from the
Middle Jurassic of Jiulongshan Formation are the first Chinese representatives of this Mesozoic odonatopteran family. The type
specimen of P. lini is exceptionally well preserved, showing several particular wing and body structures that were unknown, viz.
unique shape of tarsal claws, extreme thoracic skewness, presence of three pairs of long spurs on all femora and tibiae. The type “A”
(sensu Nel et al., 2005) of wing venation (i.e. with a very long bridge between IR2 and RP3/4) corresponds to that of the protomyr-
meleontid fore wing. The nearly complete absence of the meso-metathoracic interpleural suture, newly discovered in the Protomyr-
meleontidae, can be considered as a synapomorphy of the clade Protozygoptera + Odonata.
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Suborder Archizygoptera Handlirsch, 1906

Family Protomyrmeleontidae Handlirsch, 1906

Genus Protomyrmeleon Geinitz, 1887

Type species. Protomyrmeleon brunonis Geinitz, 1887 (Lower
Jurassic).

Other species. Protomyrmeleon pascholdi Zessin, 1991, P.

anglicanus Tillyard, 1925a (both Lower Jurassic); P. jurassicus

Nel, 1992, P. handlirschi Martynov, 1927, P. angustivenosus

Martynov, 1927, P. pumilio Nel et al., 2005, P. kazakhstanensis

Nel et al., 2005., P. karatauensis Nel et al., 2005, P. grandis Nel
et al., 2005, P. daohugouensis sp. n., P. lini sp. n. (all Middle to
Late Jurassic); P. cretacicus Nel & Jarzembowski, 1998 (Lower
Cretaceous).

Protomyrmeleon daohugouensis sp. n.

Figs 1–3

Material. Holotype NIGP 151925, paratype NIGP 151926,
both print and counterprint of a complete forewing (see below
the description of Protomyrmeleon lini sp. n.), housed in Nan-
jing Institute of Geology and Palaeontology, Chinese Academy
of Sciences, China.

Derivation of the name. After the Daohugou Village, locus
typicus of the species.

Type locality. Near the Daohugou Village, Wuhua Township,
Ningcheng County, Chifeng City, Inner Mongolia, north-east
China.

Type horizon. Middle Jurassic, Jiulongshan Formation (ca.
165 Ma).

Diagnosis. Forewing (of type “A” sensu Nel et al.,
2005), rather long and narrow, 31.5 mm long; 20 post-
nodal crossveins; pterostigma of medium length, 2.5 mm
long; RP2 weakly oblique at its base; RP3/4a
rudimentary; IR2 long; 2–3 rows of cells between IR1
and RP2a; two rows of cells between MP and posterior
wing margin.

Description. Holotype NIGP 151925 (Figs 1–2). Wing
hyaline, of type “A” (i.e. with a very long bridge between
IR2 and RP3/4), thus probably a forewing (see below),
rather narrow, 31.5 mm long, 4.5 mm wide; petiole very
long and narrow, 6.0 mm long, 0.8 mm wide; antenodal
crossveins Ax0, Ax1 and Ax2 present, distance between
Ax0 and Ax1 2 mm, between Ax1 and Ax2 1.5 mm; dis-
tance from wing base to nodus 9.6 mm, from nodus to
pterostigma 17.0 mm, from pterostigma to wing apex 2.5
mm, postnodal area very long, with 20 postnodal cross-

veins and 18 postsubnodal cross-veins; pterostigma scle-
rotised, long, 2.5 mm long, 0.5 mm wide, seven cells
basal of wing apex, covering three cells and a half, with
basal and distal sides oblique and more or less parallel;
pterostigmal brace absent; nodal cross-vein and subnodus
perpendicular to RA, not aligned; RP3/4 beginning one
cell distal of subnodus; presence of a very long and
straight longitudinal bridge between RP3/4 and distal free
part of IR2, four cells and 3.8 mm long, and strictly
aligned with the bridge between IR2 and RP2, 2.0 mm
long, and followed by a very long zigzagged vein that
ends in IR1; IR2 apparently branching on RP3/4, true
base of IR2 clearly oblique, 4.0 mm distal of subnodus;
RP2 apparently branching on IR2, true base of RP2
weakly oblique between RP2 and RP, 8.0 mm distal of
subnodus; true base of IR1 not individualised, but IR1
never fused with RP2; 2–3 rows of cells between RP2 and
IR1 and one row between IR1 and RP1; RP2 divided into
two long convex branches RP2a and RP2b, 0.5 mm distal
of its fusion with the bridge between it and IR2; both
RP2a and RP2b nearly straight, with four rows of cells
and 2–3 zigzagged longitudinal veins between them; 1–2
rows of cells between RP2b and IR2; IR2 distally zig-
zagged and vanishing in area between RP3/4 and RP2;
three rows of cells between IR2 and RP3/4; RP3/4 not
clearly divided into two branches RP3/4a and RP3/4b, as
the potential RP3/4a is strongly zigzagged; one row of
cells between RP3/4 and MA; MA and MP basally
straight and zigzagged at their extreme apex; two rows of
cells between MP and posterior wing margin; CuA not
independent of MP; AA not independent of AP.

Paratype NIGP 151926 (Fig. 3). Wing hyaline, also of
type “A” (probably a forewing), rather narrow, dimen-
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Fig. 1. Protomyrmeleon daohugouensis sp. n., holotype NIGP 151925, photograph of forewing (scale bar = 5 mm).

Fig. 2. Protomyrmeleon daohugouensis sp. n., holotype NIGP
151925, a – drawing of forewing; b – base of counterprint (scale
bar = 3 mm).



sions and differences with the holotype are as follows:
wing 30.0 mm long, 4.9 mm wide; petiole very long and
narrow, 6.0 mm long, 0.6 mm wide; distance from wing
base to nodus 9.6 mm, from nodus to pterostigma 16.0
mm, from pterostigma to wing apex 2.4 mm, postnodal
area very long, with 21 postnodal cross-veins and post-
subnodal cross-veins; pterostigma sclerotised, long, 2.5
mm long, 0.5 mm wide, covering three cells and a half;
three rows of cells between MP and posterior wing mar-
gin.

Discussion. These two fossils are very similar, and
share the specific diagnostic characters, especially the
wing sizes, number of postnodal crossveins, base of RP2
weakly oblique, and RP3/4a rudimentary. Thus we con-
sider them as conspecific. They can be attributed to the
genus Protomyrmeleon Geinitz, 1887 for the structure of
the bridge between RP3/4, IR2, RP2, and IR1, viz. IR2
independent of RP2 and presence of a “double” bridge
between IR2 and RP2 (Nel et al., 2005). This genus com-
prises no less than 11 species. P. daohugouensis differs
from P. karatauensis Nel et al., 2005, P. kazakhstanensis

Nel et al., 2005, P. pumilio Nel et al., 2005, P. jurassicus

Nel, 1992, P. pascholdi Zessin, 1991, and P. brunonis

Geinitz, 1887 in the RP3/4a extremely reduced (Zessin,
1991; Nel, 1992; Nel & Henrotay, 1992; Ansorge, 1996;
Nel et al., 2005). It differs from P. cretacicus Nel & Jar-
zembowski, 1998 in the less numerous postnodal cross-
veins, the shorter basal part of RP3/4 and the longer basal

part of IR2 (Nel & Jarzembowski, 1998). P. handlirschi

Martynov, 1927 has a distinctly shorter independent IR2,
with a reduced area between RP2b and RP3/4, unlike P.

daohugouensis (Martynov, 1927; Nel & Henrotay, 1992).
P. anglicanus Tillyard, 1925 has only one row of cells
between IR1 and RP2a and a long RP3/4a (Tillyard,
1925). P. angustivenosus Martynov, 1927 is a poorly
defined species hardly comparable to all the other species
(Nel & Henrotay, 1992). P. grandis Nel et al., 2005 has a
poorly defined, strongly zigzagged RP3/4a similar to the
evanescent one of P. daohugouensis. More generally their
wing venations are very similar, except in the shorter
wing in P. daohugouensis (31.5 mm long contra 32.5 to
35.4 mm for P. grandis), and a distinctly shorter pteros-
tigma (2.5 mm long contra 3.0 to 4.2 mm long for P.

grandis).

Protomyrmeleon lini sp. n.

Figs 4–6

Material. Holotype NIGP 151927, print and counterprint of a
body, with two complete forewings and five basal abdominal
segments attached, female (for the absence of the male secon-
dary genital structure on second abdominal segment, present in
male Protozygoptera and Odonata), housed in Nanjing Institute
of Geology and Palaeontology, Chinese Academy of Sciences,
China.

Derivation of the name. After our colleague Prof. Lin
Qi-bin.
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Fig. 3. Protomyrmeleon daohugouensis sp. n., paratype NIGP 151926. A – photograph of forewing print; B – photograph of
forewing counterprint (scale bar = 10 mm).



Type locality. Near the Daohugou Village, Wuhua Township,
Ningcheng County, Chifeng City, Inner Mongolia, north-east
China.

Type horizon. Middle Jurassic, Jiulongshan Formation (ca.
165 Ma).

Diagnosis. Forewing (of type “A” sensu Nel et al.,
2005), rather long and narrow, 33.0 mm long; numerous
(24) postnodal crossveins; pterostigma rather long and
close to wing apex; RP2 distinctly oblique at its base;
RP3/4a well developed; IR2 long; two rows of cells
between RP1 and RP2a; area between branches of RP2
broad with cells regularly disposed; two rows of cells
between MP and posterior wing margin.

Description. Holotype NIGP 151927. Both wings hya-
line, of type “A” (i.e. with a very long bridge between
IR2 and RP3/4), attached to mesothorax, thus forewings,
rather narrow, 33.0 mm long, 5 mm wide; petiole very
long and narrow, 6.5 mm long, 0.55 mm wide; antenodal
crossveins Ax0, Ax1 and Ax2 present, distance between
Ax0 and Ax1 2.5 mm, between Ax1 and Ax2 1.5 mm;
distance from wing base to nodus 9.7 mm, from nodus to
pterostigma 19.8 mm, from pterostigma to wing apex 2.0
mm, postnodal area very long, with 26 postnodal cross-

veins and circa 24 postsubnodal cross-veins; pterostigma
sclerotised, long, 3.0 mm long, 0.7 mm wide, covering
three cells and a half, with basal and distal sides oblique
and more or less parallel; pterostigmal brace absent; nodal
cross-vein and subnodus perpendicular to RA, aligned;
RP3/4 beginning one cell distal of subnodus; presence of
a very long and straight longitudinal bridge between
RP3/4 and distal free part of IR2, five cells and 4.0 mm
long, and strictly aligned with the bridge between IR2 and
RP2, 2.5 mm long, and followed by a very long zig-
zagged vein that ends in IR1; IR2 apparently branching
on RP3/4, true base of IR2 clearly oblique, 3.5 mm distal
of subnodus; RP2 apparently branching on IR2, true base
of RP2 distinctly oblique between RP2 and RP, 8.8 mm
distal of subnodus; true base of IR1 not individualised,
but IR1 never fused with RP2; one (exceptionally divided
in two cells) row of cells between RP2 and IR1 and one
row between IR1 and RP1; RP2 divided into two long
convex branches RP2a and RP2b, 0.6 mm distal of its
fusion with the bridge between it and IR2; both RP2a and
RP2b nearly straight, with three rows of cells and two
zigzagged longitudinal veins between them; 1–2 rows of
cells between RP2b and IR2; IR2 distally zigzagged and
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Fig. 4. Protomyrmeleon lini sp. n., holotype NIGP 151927. A – photograph of habitus print; B – photograph of habitus counter-
print (scale bar = 10 mm).



vanishing in area between RP3/4 and RP2; three rows of
cells between IR2 and RP3/4; RP3/4 clearly divided into
two branches RP3/4a and RP3/4b, with base of RP3/4a
clearly visible, even if its distal part is not preserved; one
row of cells between RP3/4 and MA; MA and MP basally
straight and zigzagged at their extreme apex; two rows of
cells between MP and posterior wing margin; CuA not
independent of MP; AA not independent of AP.

Legs long and slender; fore femur 4.0 mm long, 0.4 mm
wide, tibia 4.5 mm long, 0.2 mm wide, first tarsal seg-
ment 0.2 mm long, second 0.5 mm, third 0.6 mm; mid
femur 4.5 mm long, 0.4 mm wide, tibia 3.6 mm long, 0.1
mm wide, first tarsal segment 0.1 mm long, second 0.2
mm, third 0.3 mm; hind femur 4.5 mm long, 0.4 mm
wide, tibia 5.5 mm long, 0.2 mm wide, first tarsal seg-
ment 0.2 mm long, second 0.6 mm, third 0.6 mm; all
femora and tibia with three pairs of long spurs and a
double series of very small spines (Figs 4, 6B); no clearly
defined comb on fore tibia; tarsi long, three-segmented;
all claws very long and weakly curved, with no subapical
but a basal tooth (see Fig. 6B).

Head visible in profile (Fig. 6A), 1.4 mm long, 2.8 mm
high, compound eye elliptical (0.5 × 1.5 mm); postfront
flat, antefront convex, 0.2 high, postclypeus + ante-
clypeus circa 0.7 mm high; antenna three-segmented, 1.1
mm long, first antennomere rounded, broad, and short,
second and third elongate and narrow.

Pterothorax visible in profile (Fig. 6A), very elongate,
4.5 mm high; episternum 2 3.4 mm long, 0.9 mm wide;
meso-metathoracic interpleural suture absent or extremely
reduced (no suture near posterior part of meso-metathorax
near the wing base, and, perhaps, a rudiment of suture in
anterior part, near base of mid leg; (epimeron 2 + epis-
ternum 3) 4.5 mm long, 1.4 mm wide; epimeron 3 3.4 mm
long, 0.7 mm wide; metapostepimeron not clearly visible;
thoracic skewness strongly pronounced (angle x circa
74°, angle g circa 60°) (sensu Needham & Anthony,
1903).

Abdomen very narrow and delicate, first segment 2.0
mm long, second 4.5 mm, third 6.5 mm, fourth 7.0 mm,
fifth 6.5 mm; swelling of abdominal articulation and ven-
tral carina present on segments 2 to 5, but no transverse
carina (sensu Asahina, 1954).

Discussion. This fossil differs from P. daohugouensis

in the longer postnodal area with distinctly more post-
nodal crossveins (24 instead of 20 in the latter), presence
of a better defined RP3/4a, a more oblique RP2 at it base,
longer pterostigma but in a more distal position, closer to
wing apex (only five cells instead of seven cells distant

from wing apex). Thus we consider that it corresponds to
a different Protomyrmeleon species. P. cretacicus, P.

jurassicus, P. grandis and P. kazakhstanensis differ from
P. lini in the greater number of rows of cells between RP1
and RP2a. P. lini has distinctly more postnodal crossveins
than P. brunonis. P. karatauensis has only 17 postnodals
while P. pumilio has 15. P. handlirschi has a shorter
distal free part of IR2. P. pascholdi has a narrower area
between the branches of RP2. P. anglicanus has a more
irregular net of cells in the same area.

PROTOMYRMELEONTID MORPHOLOGY AND

PALAEOBIOLOGY

The type specimen of P. lini is of great interest in terms
of our understanding of several structures of Protomyr-
meleontidae. Its preserved wings are both forewings and
both are of type “A” sensu Nel et al. (2005). This allows
us to determine that the protomyrmeleontid wings of type
“A” (bridge between RP3/4 and IR2 long and closely par-
allel to RP3/4) are forewings while those of type “B”
(bridge between RP3/4 and IR2 distinctly shorter and
more distant from RP3/4) are hindwings, while Nel et al.
(2005) could not decide due to the state of the available
material at that time.

The nearly complete absence of the meso-metathoracic
interpleural suture is a character that was previously com-
pletely unrecorded in the whole clade Protozygoptera.
Bechly (1996) considered that the reduction of this suture
was a synapomorphy of the Odonata, sister group of Pro-
tozygoptera (but reversed in Calopterygiformia) (see also
Asahina, 1957). The present discovery shows that it is
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Fig. 5. Protomyrmeleon lini sp. n., holotype NIGP 151927,
drawing of habitus (scale bar = 5 mm).

Fig. 6. Protomyrmeleon lini sp. n., holotype NIGP 151927. A
– photograph of head and thorax with appendages in lateral
view (scale bar represents 2 mm); B – photograph of mid tarsus
(scale bar = 0.5 mm).



more likely a synapomorphy of the clade Protozygoptera
+ Odonata.

The strongly pronounced thoracic skewness of this
Protomyrmeleontidae is comparable to that of the most
modified thorax of the small damselflies (Coenagriono-
morpha Aciagrion) (Needham & Anthony, 1903). This is
certainly related to convergent adaptation to similar habits
of life. The rather weak legs with three pairs of long and
sharp spines on both femora and tibia also support the
thesis of adaptation for capturing small, flying prey (small
flies, etc.).

Similarities in the body structures between small, true
damselflies and the Protomyrmeleontidae suggest that the
adults of both clades had similar chorologies. Protomyr-
meleontidae appeared during the Upper Triassic and their
last known representatives are from Lower Cretaceous,
while small, true damselflies are known from the Lower
Cretaceous (Lak et al., 2009). A third group of damselfly-
like Odonata existed in the Jurassic: the Isophlebioptera:
Asiopteridae. These three lineages co-existed during at
least the main part of Lower Cretaceous. The Jurassic
diversification of the Asiopteridae and that of the Lower
Cretaceous small, true damselflies was clearly not suffi-
cient to cause the extinction of the Protomyrmeleontidae.
Their extinction seems to be concomitant with that of sev-
eral other “old” Mesozoic lineages (Aeschnidiidae, etc.),
at the boundary between the Lower and the Upper Creta-
ceous, during the Albian-Cenomanian-Turonian. This
period is crucial for a large turnover among the odonatop-
teran groups, perhaps in relation with the ecological and
chemical changes in the freshwater ecosystems about 100
Myr ago (Nel et al., 2010).
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