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Abstract: Three new species of fossil dragonflies assigned to Sinokaratawia Nel, Huang and Lin in
family Campterophlebiidae, i.e. S. daohugouica sp. nov., S. magica sp. nov. and S. gloriosa sp. nov., and
new materials of male S. prokopi Nel, Huang and Lin, 2007 are described from the Middle Jurassic of
Daohugou, Inner Mongolia, China. An emended diagnosis of genus Sinokaratawia was proposed.
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1 Introduction

Campterophlebiidae Handlirsch, 1920, the largest family
of the “Anisozygoptera”, is an extinct group survived from
Jurassic to Cretaceous (Pritykina and Rasnitsyn, 2002). Nel
et al. (1993) firstly made a comprehensive revision of this
family and gave a complete list of 23 genera and 38 species
previously described. All of them were based mainly on
isolated, even fragmentary fossil wings (Bode, 1905;
Pritykina, 1968, 1970, 1980, 1985; Walley, 1985). All
genera included in this family by Nel et al. (1993) were
endorsed by Bechly (2005), except Shurabiola Pritykina,
1970. The latter was transferred to Cyclothemistidae
Bechly, 1996 for its postdiscoidal space not distally
narrowed and its space between RP3/4 and MA less
expanded. A genus and species incertae sedis specimen was
added to this family by Nel and Jarzembowski (1996) but
finally transferred to Tarsophlebiidae (Fleck et al., 2004).
After that, four new genera and five species were
discovered, including Bellabrunetia catherinae Fleck and
Nel, Amnifleckia guttata Zhang, Ren and Cheng, A.
splendida Huang, Fleck, Nel and Lin, Parabrunetia celinea
Huang, Fleck, Nel and Lin and Sinokaratawia prokopi Nel,
Huang and Lin (Fleck and Nel, 2002; Zhang et al., 2006;
Nel et al., 2007), with rather completed wings and body
structures. All of them came from the Middle Jurassic
Jiulongshan Formation in Daohugou Village, Ningcheng
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County, Inner Mongolia, China. Recently we recovered
some other specimens from the same location. Three new
species and one old species are described herein.

This study is based on ten (two pairs of parts and six
parts) adult specimens housed in the Key Lab of Insect
Evolution and Environmental Changes, College of Life
Science, Capital Normal University, Beijing, China
(CNUB; Ren Dong, Curator).

The specimens were examined with the LEICA MZ 12.5
dissecting microscope and illustrated with the aid of a
drawing tube attached to the microscope.

The geology and stratigraphy of the Jiulongshan
Formation was extensively studied by Ren et al. (2002),
Gao and Ren (2006) and Tan et al. (2007). In this work, we
follow the wing venation nomenclature of Riek (1976),
Riek and Kukalova-Peck (1984), amended by Kukalova-
Peck (1991), Nel et al. (1993) and Bechly et al. (2001). The
higher classification of fossil and extant Odonatoptera is
based on the phylogenetic system of Bechly (1996).

2 Systematic Paleontology

Order Odonata Fabricius, 1793
Clade Isophlebioptera Bechly, 1996
Superfamily Isophlebioidea Handlirsch, 1906
Family Campterophlebiidae Handlirsch, 1920
Genus Sinokaratawia Nel, Huang and Lin, 2007

Type species: Sinokaratawia prokopi Nel, Huang and
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Fig. 1. Sinokaratawia daohugouica sp. nov., holotype

CNU-OD-NN2004058.
(a) Left wings; (b) right fore wing; (c) right hind wing. Scale bars
represent 10 mm.

Lin, 2007

Emended diagnosis: hind wing broader than fore wing;
a very acute projecting anal angle in male hind wing; Ax2
in fore wing strongly oblique, much more oblique than that
in hind wing; Ax2 in hind wings situated on the level of the
distal side of discoidal space; subdiscoidal space
posteriorly open in male but posteriorly closed in female;
CuAa shortened in hind wing, reaching posterior margin
before nodus; MP straight; MAa with a smooth bend,
distally zigzagged; a constricted area between MAa and
MP; CuAa very short; two rows of cells in fore wing basal
part of postdiscoidal area and area between MP and CuA.
Species included: four species: S. prokopi Nel, Huang and
Lin, 2007, S. daohugouica sp. nov., S. magica sp. nov. and

S. gloriosa sp. nov..

Remarks: the emended genus diagnosis is based on new
materials collected from the same location the type species
sampled.

Sinokaratawia daohugouica sp. nov.
(Figs. 1-2, Plates 1-4)

Material. Holotype CNU-OD-NN2004058, paratypes
CNU-OD-NN2004061, CNU-OD-NN2004064  and
CNU-OD-NN2004063.

Etymology: The specific name is dedicated to the fossil
site at Daohugou.

Species diagnosis: female wing characters only. Hind
wing unique hexagonal subdiscoidal space longer than
discoidal space; fore wing Ax2 much closer to arculus than
to midfork.

Descriptions:

Holotype CNU-OD-NN2004058 Female. Wings
attached with body. Parts of legs, distal parts of abdomen
and wings not preserved. Fore wings and hind wings
overlapped, as well as the basal parts of hind wings and
abdomen. A great deal of little white round spots spread all
over wings and body. Specimen fossilized with some
conchostracans.

Fore wing: not petiolate; distance between base and
arculus about 4.4 mm, between arculus and nodus 21.8 mm;
two primary antenodal veins very strong, Ax1 0.9 mm basal
of arculus; Ax2 3.0 mm distal of arculus; no secondary
crossveins between C and ScP but at least ten between ScP
and RA, distal of Ax2; eighteen antesubnodal crossveins
preserved; median space and discoidal space free of
crossveins, with oblique membranaceous pleats; discoidal
space basally opened; base of RP and MA separated at
arculus; postdiscoidal area with two rows of cells basally;
midfork 6.0 mm distal of arculus, much closer to arculus
than to nodus; base of IR2 very close to midfork, 3.0 mm
distally, originating distinctly on RP; gaff very long; CuAa
parallel to posterior margin closely before strongly
humping up on the level of Ax2, with a single row of small
cells in between, then bending to posterior margin midway
between arculus and nodus, reaching posterior margin
before nodus, zigzag distally; two rows of transverse
elongate cells between CuAa and MP; three branches
originated on CuAa, three bending to MP and three bending
to posterior wing margin; anal area preserved not
completely but big cells along AA recognizable.

Hind wing: not petiolate; 13.9 mm wide at nodus;
distance between base and arculus about 5.6 mm, between
arculus and nodus 13.8 mm, between nodus and
pterostigma 16.4 mm; Ax0 visible; two primary antenodal
veins very strong, Axl 0.8 mm basal of arculus, Ax2 1.8
mm distal of arculus, with distance between them shorter
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Fig. 2. Sinokaratawia daohugouica sp. nov., paratypes.

£

CNU-OD-NN2004061, (a) left fore wing; (b) left hind wing. CNU-OD-NN2004064; (c) left fore wing; (d) left hind wing; (e) right fore wing; (f)
right hind wing. CNU-OD-NN2004063, (g) fore wings; (h) right hind wing. Scale bars represent 10 mm.

than that of fore wing; Ax1 situated midway of AxO and
Ax2; Ax2 situated on the level of distal side of discoidal
space, about midway of arculus and midfork; no secondary
crossveins between C and ScP but seventeen visible
between ScP and RA, distal of Ax2; eighteen antesubnodal
crossveins visible; pterostigma 6.3 mm long, 1.1 mm wide,
with basal side much more oblique than distal side; median
space free of crossveins; submedian space traversed by
CuP-crossing and other two unique
subdiscoidal space divided by one crossvein, longer than
discoidal space; basally closed discoidal space free of
crossveins, 2.3 mm long, basal side 0.5 mm long and distal
side (MAb) 1.5 mm long; cells of anal area rather big and

crossveins;

equal in size; base of RP and MA separated at arculus; RP2
aligned with subnodus; eleven bridge crossveins visible;
oblique vein “O” not preserved; base of IR2 1.8 mm distal
of midfork, originating on RP; a single row of cells between
IR2 and RP2 before nodus; midfork 4.0 mm distal of
arculus, much closer to arculus than to nodus; postdiscoidal
area with a maximal width of 2.0 mm, two rows of cells
basally, distal part much narrower than basal part because
of the converging of MAa and MP distally; MAa basally
smooth and slightly zigzag after the level of nodus; MP
reaching posterior margin far distal of nodus; area between
MP and posterior margin broad, with ten zigzag intercalary
veins; two to four rows of cells between CuAa and MP; gaft
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strong and elongated; CuAa very short, bending to
posterior margin midway between arculus and nodus,
reaching posterior margin before nodus; five branches
originated on CuAa.

Head: 7.1 mm long and 5.9 mm wide.

Thorax: stout, 8.6 mm long and 8.2 mm wide.

Paratypes have same venations as that of holotype. Some
details were described as following:

Paratype CNU-OD-NN2004061 Gender uncertain,
strong tendency to be female. Right wings, hind legs and
distal of abdomen missing; left wings overlap partly, as
well as the basal of hind wing and the abdomen, so that the
hind part of fore wing and the basal part of hind wing
unclear.

Fore wing: 12.7 mm wide at nodus; distance between
arculus and nodus 19.5 mm; Ax1 0.7 mm basal of arculus;
Ax2 oblique, 3.0 mm distal of arculus, closer to arculus
than to midfork; no secondary crossveins between C and
ScP but twelve between ScP and RA, distal of Ax2;
seventeen antesubnodal crossveins visible; median space
and discoidal space free; MP reaching posterior margin far
distal of nodus; midfork 7.3 mm distal of arculus, closer to
arculus than to nodus; base of IR2 very close to midfork,
2.4 mm distally, originating on RP; RP2 aligned with
subnodus; five bridge crossveins visible; area between MA
and RP3/4 rather narrow basally, with a single row of cells
before nodus; area between MP and posterior margin
broad.

Hind wing: broader than fore wing, 14.6 mm wide at
nodus; distance between base and arculus 4.3 mm, between
arculus and nodus 15.7 mm, between nodus and
pterostigma 14.5 mm; AxO very close to wing base; two
primary antenodal veins very strong, Ax1 0.5 mm basal of
arculus, Ax2 not oblique like that of fore wing, situated on
the level of distal side of discoidal space, 2.4 mm distal of
arculus; no secondary crossveins between C and ScP but
fourteen visible between ScP and RA, distal of Ax2; fifteen
antesubnodal crossveins visible; nine postnodal crossveins,
not aligned with the fourteen postsubnodal crossveins;
pterostigma preserved incompletely, but distinctly long and
thick, without brace vein, covers at least two crossveins;
median space free of crossveins; submedian space only
traversed by CuP-crossing; unique unicellular subdiscoidal
space longer than discoidal space; discoidal space free of
crossveins, basally closed, 2.4 mm long, basal side 0.5 mm
long and distal side (MADb) 1.4 mm long; most part of anal
area not preserved, only a single row of cells along AA are
preserved; base of RP and MA separated at arculus; nine
bridge crossveins visible; one oblique vein “O”, five cells
and 3.9 mm distal of subnodus; base of IR1, four cells (2.2
mm) distal of subnodus; IR1 parallel to RP1 more or less,
with two rows of cells in between under the pterostigma;

area between IR1 and RP2 distally slightly expanded; IR2
originating distinctly on RP, with the base 3.6 mm distal of
midfork; area between IR2 and RP2 with a single row of
cells up to the base of pterostigma, then expanded distally;
midfork 4.3 mm distal of arculus, much closer to arculus
than to nodus; RP3/4 slightly undulate, with one to three
rows of cells between it and IR2; area between RP3/4 and
MA with only one row of cells before nodus, distally
strongly expanded with more than four intercalary veins
appear; postdiscoidal area with a maximal width of 2.1 mm;
area between MP and posterior margin strong expanded,
with about seven zigzag intercalary veins originated on
MP; two to four rows of cells between CuAa and MP; gaff
strong and elongated; about three branches originated on
CuAa.

Head: about 8.7 mm long and 6.6 mm wide.

Thorax: stout; about 8.5 mm long and 8.1 mm wide.

Abdomen: rather stout; basal four segments preserved
with 30.8 mm long.

Paratype CNU-OD-NN2004064 Female. Body not
preserved. Fore wings and hind wings overlap partly, with
most parts after nodus missing.

Fore wing: basal part not preserved well; distance
between Axl and Ax2 4.2 mm; no secondary crossveins
between C and ScP but eleven visible between ScP and RA,
distal of Ax2; fourteen antesubnodal crossveins visible;
pterostigma not preserved completely, at least 2. 1mm long,
with basal side rather oblique; RP2 aligned with subnodus;
six bridge crossveins visible; three rows of cells between
RP1 and IR1, as well as between IR1 and RP2, beneath the
pterostigma; RP2 parallel to IR2 up to the level of
pterostigma, with only one rows of cells in between; two
rows of cells between IR2 and RP3/4 up to the level of
pterostigma; a single row of cells between MA and RP3/4
before nodus; postdiscoidal area with two rows of cells
basally, then change to one row before midway between
arculus and nodus, distal part much narrower than basal
part; CuAa parallel to posterior margin closely, with a
single row of small cells in between, before strongly
humping up far distal of the level of Ax2; two rows of
transverse elongate cells between CuAa and MP; area
between MP and posterior margin broad, with at least five
intercalary veins.

Hind wing: distance between base and arculus 4.7 mm,
between arculus and nodus 14.7 mm; Ax1 1.0 mm basal of
arculus; Ax2 situated on the level of distal side of discoidal
space; no secondary antenodal crossveins and antesubnodal
crossveins preserved; ten postnodal crossveins, not aligned
with the visible six postsubnodal crossveins; pterostigma
4.7 mm long, 0.6 mm wide, with basal side more oblique
than distal side, without brace vein, covers at least four
crossveins; median space free of crossveins; unique
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unicellular subdiscoidal space longer than discoidal space;
discoidal space free of crossveins, basally closed, 1.9 mm
long, basal side 0.7 mm long and distal side (MAb) 1.6 mm
long; cells in anal area rather big and equal in size; bridge
crossveins and oblique vein “O” not preserved; IR2
originating distinctly on RP, with the base 3.0 mm distal of
midfork; midfork 4.0 mm distal of arculus, much closer to
arculus than to nodus; area between RP3/4 and MA with
only one row of cells before nodus; postdiscoidal area with
a maximal width of 2.1 mm, two rows of cells basally, then
change to one row before midway between arculus and
nodus; area between MP and posterior margin broad, with
at least four zigzag intercalary veins originated on MP; two
to three rows of cells between CuAa and MP; four branches
originated on CuAa.

Paratype CNU-OD-NN2004063 Gender uncertain.
Fragments of one leg and thorax poorly preserved. Basal
parts of fore wings and right hind wing still attached to the
thorax. Specimen fossilized with some conchostracans.

Fore wing: distance between base and arculus 5.6 mm,
from arculus to nodus 18.8 mm; Ax1 0.9 mm basal of
arculus; Ax2 2.8 mm distal of arculus, closer to arculus
than to midfork; at least eight antenodal crossveins between
ScP and RA, distal of Ax2; at least eleven antesubnodal
crossveins between arculus and subnodus; midfork 6.5 mm
distal of arculus, closer to arculus than to nodus; base of
IR2 close to midfork, 1.4 mm distally.

Hind wing: distance between base and arculus 4.8 mm;
Ax1 0.8 mm basal of arculus; Ax2 1.9 mm distal of arculus;
eleven antenodal crossveins between ScP and RA, distal of
Ax2; at least ten antesubnodal crossveins between arculus
and subnodus; discoidal space 2.1 mm long, basal side 0.6
mm long and distal side (MAb) 1.5 mm long; midfork 4.3
mm distal of arculus, much closer to arculus than to nodus;
area between RP3/4 and MA with only one row of cells
before nodus.

Remarks: specimens CNU-OD-NN2004064 and
CNU-OD-NN2004063 show an interesting character
differing from other materials: cells in postdiscoidal area
change to one row before midway between arculus and
nodus. We consider this as natural individual difference.

Sinokaratawia magica sp. nov.
(Fig. 3, Plates 5-6)

Holotype: female, part CNU-OD-NN2004041-1,
counterpart CNU-OD-NN2004041-2. Specimen fossilized
with some conchostracans.

Etymology: After the Latin “magicus”= magic.

Species diagnosis: female wing characters only. Hind
wing unique quasi-pentagonal subdiscoidal space equal to
discoidal space in length; cells of anal area in hind wing
sizable; fore wing Ax2 on the level of midway between

arculus and midfork; vaulted arculus of fore wing strongly
bulge.

Description:

Wings attached with thorax and basal two segments of
abdomen; distal parts of nodus missing in all wings, but the
pterostigma of right hind wing still preserved; right wings
overlap.

Fore wing: not petiolate; distance between base and
arculus about 5.2 mm, between arculus and nodus 20.8 mm;
two primary antenodal veins very strong, Ax1 straight, 0.8
mm basal of arculus; Ax2 oblique, 3.8 mm distal of arculus,
on the level of midway between arculus and midfork; no
secondary antenodal crossveins between C and ScP but at
least ten between ScP and RA, distal of Ax2; only four
antesubnodal crossveins preserved; median space and
discoidal space free of crossveins, with oblique
membranaceous pleats; discoidal space basally opened;
vaulted arculus strongly bulge; base of RP and MA
separated at arculus; basal part of postdiscoidal area with
two rows of cells; midfork 7.6 mm distal of arculus, much
closer to arculus than to nodus; base of IR2 2.9 mm distal of
midfork; RP2 aligned with subnodus; only two bridge
crossveins preserved; MAb 1.2 mm long; two rows of large
cells in the area between AA and posterior margin; CuAa
terminate about the level of midway between arculus and
nodus; about three branches originated on CuAa; two to
three rows of cells between CuAa and MP; two zigzag
branches originated on MP visible.

Hind wing: not petiolate; broader (by 15 percent) than
fore wing, 13.6 mm wide at nodus; distance between base
and arculus 5.5 mm, between arculus and nodus 16.7 mm,
between nodus and pterostigma 14.6 mm; Ax0O close to
wing base; two primary antenodal veins very strong, Ax1
0.7 mm basal of arculus, Ax2 2.3 mm distal of arculus;
distance between Ax1 and Ax2 distinctly shorter than that
of fore wing; Ax2 situated on the level of distal side of
discoidal space, midway between arculus and midfork; no
secondary crossveins between C and ScP but eighteen
visible between ScP and RA, distal of Ax2; fifteen
antesubnodal crossveins visible; ten postnodal crossveins
preserved, not aligned with the six visible postsubnodal
crossveins; pterostigma preserved incompletely, but
distinctly rather long and thick, without brace vein, covers
at least two crossveins; median space free of crossveins;
submedian space only traversed by CuP-crossing; unique
unicellular subdiscoidal space equal to discoidal space in
length; discoidal space free of crossveins, basally closed,
2.4 mm long, basal side 0.2 mm long and distal side (MADb)
1.5 mm long; cells of anal area in hind wing sizable;
oblique membranaceous pleats appear in median space and
discoidal space; base of RP and MA separate at arculus;
RP2 aligned with subnodus; twelve bridge crossveins
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Fig. 3. Sinokaratawia magica sp. nov., holotype CNU-OD-NN2004041.
Part, CNU-OD-NN2004041-1 (a) right fore wing; (b) left hind wing; (c) right hind wing. Counterpart, CNU-OD-NN2004041-2 (d) left fore wing;

(e) left hind wing; (f) right hind wing. Scale bars represent 10 mm.

visible; oblique vein “O” not preserved; IR2 originating
distinctly on RP, with the base 2.7 mm distal of midfork;
midfork 4.6 mm distal of arculus, much closer to arculus
than to nodus; area between RP3/4 and MA with only one
row of cells before nodus; postdiscoidal area with a
maximal width of 1.9 mm, two rows of cells before nodus,
narrowed distally; MAa slightly zigzag after the level of
nodus; area between MP and hind margin very large, with
at least six zigzag intercalary veins originated on MP; two
to four rows of cells between CuAa and MP; gaff strong
and elongated; CuAa rather short, bending to posterior
margin midway between arculus and nodus, reaching
posterior margin before nodus, zigzag distally; about four
branches originated on CuAa.

Thorax: not well preserved, jumbled and indistinct.

Abdomen: basal two segments very stout, with presence
of a very distinct dorso-longitudinal carina. The first
segment 6.0 mm long and 6.0 mm wide, the second
segment 7.0 mm long and about 5.9 mm wide.

Sinokaratawia gloriosa sp. nov.
(Fig. 4, Plates 7-8)

Holotype: female, part CNU-OD-NN2004040-1,
counterpart CNU-OD-NN2004040-2. Specimen fossilized
with some conchostracans.

Etymology: After the Latin “gloriosus”’=wonderful.

Species diagnosis: female wing characters only. Hind
wing subdiscoidal space equal to discoidal space in length;
cells in anal area of hind wing different from each other in
size and shape, those along the AA remarkable larger than
others; fore wing Ax2 slightly closer to arculus than to
midfork.

Description:

Basal wings, thorax, basal four segments of abdomen
and part of pterostigma preserved; fore wings and hind
wings overlap partially.

Fore wing: not petiolate; 11.0 mm wide at nodus;
distance between base and arculus about 4.6 mm, between
arculus and nodus 19.6 mm; two primary antenodal veins
very strong, Ax1 0.6 mm basal of arculus; Ax2 oblique, 2.5
mm distal of arculus, midway between arculus and
midfork; no secondary crossveins between C and ScP but
thirteen between ScP and RA, distal of Ax2; twelve
antesubnodal crossveins visible; at least twelve postnodal
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Fig. 4. Sinokaratawia
CNU-OD-NN2004040.
Part, CNU-OD-NN2004040-1 (a) left fore wings; (b) left hind wing; (c) right
wings. Counterpart, CNU-OD-NN2004040-2 (d) right fore wing; (e) right
hind wing. Scale bars represent 10 mm.

gloriosa  sp. nov., holotype

crossveins and eight postsubnodal crossveins; median
space and discoidal space free of crossveins, with oblique
membranaceous pleats; discoidal space basally opened;
base of RP and MA separated at arculus; postdiscoidal area
with two rows of cells basally; midfork 7.5 mm distal of
arculus, closer to arculus than to nodus; base of IR2 very
close to midfork, 2.2 mm distally; RP2 aligned with
subnodus; eight bridge crossveins preserved; area between
MA and RP3/4 with a single row of cells before nodus; two
rows of cells between AA and posterior margin, cells
aligned along AA much larger than those aligned along the
posterior margin; CuAa terminated about the level of
midway between arculus and nodus, zigzag distally; at least
three branches originated on CuAa; two to three rows of
cells between CuAa and MP.

Hind wing: not petiolate; broader (by 20 percent) than
fore wing, 13.2 mm wide at nodus; distance between base
and arculus 4.7 mm, between arculus and nodus 15.2 mm,
between nodus and pterostigma less than 14.3 mm; Ax0
close to wing base; two primary antenodal veins very
strong, Ax1 0.6 mm basal of arculus, Ax2 2.3 mm distal of
arculus, distance between them shorter than that of fore
wing; AxI situated midway of Ax0O and Ax2; Ax2 situated
on the level of distal side of discoidal space, midway of
arculus and midfork; no secondary crossveins between C
and ScP but thirteen visible between ScP and RA, distal of
Ax2; eighteen antesubnodal crossveins visible; at least six
postnodal crossveins, not aligned with the visible seven
postsubnodal pterostigma  preserved
incompletely, but distinctly rather long (at least 4.3 mm
long) and thick, without brace vein, covers at least three
crossveins; median space free of crossveins; submedian
space only traversed by CuP-crossing; unique subdiscoidal
space longer than discoidal space, traversed by one
crossvein; discoidal space free of crossveins, basally
closed, 2.1 mm long, basal side 0.5 mm long and distal side
(MADb) 1.7 mm long; oblique membranaceous pleats appear
in median space and discoidal space; cells in anal area of
hind wing different from each other in size and shape, those
along the AA much larger than others; base of RP and MA
separated at arculus; RP2 aligned with subnodus; four
bridge crossveins visible; oblique vein “O” not preserved;
base of IR2 2.5 mm distal of midfork; midfork 4.6 mm
distal of arculus, much closer to arculus than to nodus; area
between RP3/4 and MAa with only one row of cells
basally; postdiscoidal area with a maximal width of 2.0
mm, two rows of cells up to nodus, distal part much
narrower than basal part because of the intensively
converging of MAa and MP distally; MAa basally smooth
and slightly zigzag after the level of nodus; area between
MP and posterior margin very large, with about seven
zigzag intercalary veins originated on MP; gaff strong and

Crossveins;
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Fig. 5. Sinokaratawia prokopi Nel, Huang and Lin, 2007.

1l

CNU-OD-NN2004042 (a) left hind wing; (b) right hind wing. CNU-OD-NN2004057 (c) left hind wing (reversal); (d) right hind wing.

Scale bars represent 10 mm.

elongated; two to four rows of cells between CuAa and MP;
CuAa very short, bending to posterior margin midway
between arculus and nodus, reaching posterior margin
before nodus, zigzag distally; about four branches
originated on CuAa.

Thorax: not preserved completely but distinctly stout.

Abdomen: basal four segments preserved, with 25.1 mm
long and 6.2 mm wide; each segment rectangular (width
longer than length).

Sinokaratawia prokopi Nel, Huang and Lin, 2007.
(Fig. 5, Plates 9-10)

Material: CNU-OD-NN2004042 and
CNU-OD-NN2004057.
Descriptions:

CNU-OD-NN2004042. Male. Parts of hind wings,
thorax and four segments of abdomen preserved.

Hind wing: not petiolate; 13.4 mm wide at nodus;
distance between base and arculus 5.1 mm, between arculus
and nodus 15.0 mm; AxO close to wing base; two primary
antenodal veins very strong, rather straight; Ax1 0.8 mm
basal of arculus; Ax2 2.1 mm distal of arculus, situated on
the level of distal side of discoidal space, midway of
arculus and midfork; no secondary crossveins between C
and ScP but thirteen between ScP and RA, distal of Ax2;
twenty one antesubnodal crossveins preserved; nine
postnodal crossveins visible, not aligned with the ten

postsubnodal crossveins preserved; median space free of
crossveins, with  oblique pleats;
submedian space only traversed by CuP-crossing; AA
reach posterior margin directly, without meeting CuAb,
thus subdiscoidal space distally opened; subdiscoidal space
divided by two crossveins, much longer than discoidal
space; discoidal space free of crossveins, basally closed,
2.0 mm long, basal side 0.6 mm long and distal side (MAb)
1.8 mm long; very acute projecting anal angle present; cells
in anal area different to each other in size and shape, those
in basal and posterior part smaller than others; base of RP
and MA separated at arculus; RP2 aligned with subnodus;
ten bridge crossveins; oblique vein “O” indistinct; IR2
originating on RP, with the base 3.0 mm distal of midfork;
midfork 4.1 mm distal of arculus, much closer to arculus
than to nodus; area between RP3/4 and MA with only one
row of cells before nodus, then strongly expanded;
postdiscoidal area with a maximal width of 1.9 mm, two
rows of cells before the level of nodus; MAa basally
smooth and slightly zigzag after the level of nodus (left
wing misshapen, MAa and MP fused before nodus); area
between MP and posterior margin broad, with at least six
zigzag intercalary veins originated on MP; two to five rows
of cells between CuAa and MP; gaff strong and elongated;
CuAa rather short, bending to posterior margin midway
between arculus and nodus, reaching posterior margin
before nodus, zigzag distally; five branches originated on

membranaceous
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CuAa.

Thorax: stout; 10.3 mm wide and 11.3 mm long; detail
characters indistinguishable.

Abdomen: basal four segments preserved. Copulatory
apparatus jumbled and indistinct; the third and fourth
segments with 4.3 mm wide and 6.7 mm (third) or 7.0 mm
(fourth) long; dorso-longitudinal carina of the fourth
segment distinct.

CNU-OD-NN2004057. Male. Parts of hind wings,
thorax and four segments of abdomen preserved; left hind
wing reversed. Both specimens fossilized with some
conchostracans. This specimen has same hind wing
venation as CNU-OD-NN2004042. Some details were
described as following: 13.3 mm wide at nodus; distance
between base and arculus 5.2 mm, between arculus and
nodus 14.0 mm; Ax1 0.8 mm basal of arculus; Ax2 2.0 mm
distal of arculus; fifteen antesubnodal crossveins visible;
six postnodal crossveins visible, not aligned with the six
postsubnodal crossveins; discoidal space 1.9 mm long,
basal side 0.6 mm long and distal side (MADb) 1.5 mm long;
IR2 originating on RP, with the base 2.9 mm distal of
midfork; midfork 3.9 mm distal of arculus; postdiscoidal
area with a maximal width of 2.0 mm; wings not
misshapen, with natural MAa and MP.

Remarks: the most difference between our materials
and holotype of S. prokopi is the divided hind wing
discoidal space. It is also considered as natural individual
difference.

3 Comparison and Discussion

These new species were attributed to Isophlebioptera:
Isophlebiida: Isophlebioidea: Campterophlebiidae because
of the following synapomorphies: arculus in a position
between Ax1 and Ax2; all antenodal crossveins distal of
Ax2 between the costal margin and ScP are suppressed;
CuAa shortened, posterior-distally zigzagged, correlated
with an distally strongly expanded area between MP and
CuAa and the development of numerous convex parallel
“secondary branches” of MP in the hind wing; hind wing
subdiscoidal enlarged and transversely elongated,
correlated with an very long and straight gaff; male hind
wing with a very acute or even hook-like projecting anal
angle; the hind wing longitudinal veins (especially RP3/4)
are distinctly undulate (not distinct here for the
incompletely preservation of our study materials); the
space between MA and MP is distally constricted by an
opposite curvature of these two veins.

Within the Campterophlebiidae, Samarura was not
considered as it based on larval specimens; Amnifleckia,
Angaroneura, Bellabrunetia, Gampsophlebia,
Hypsomelana, Hypsophlebia, Hypsothemis, Karatawia,

Melanohypsa, Olonkia, Parabrunetia,
Sibirioneura can be easily excluded because of their single
row of cells between MAa and MP basally;
Campterophlebia with long CuAa reaching posterior
margin on the level of nodus; Oreophlebia and
Sogdophlebia have longer CuAa and remarkable transverse
elongated cells in the posterior area of hind wing;
Adelophlebia has a straighter arculus and a longer CuAa;
Sagulia has much different subdiscoidal space and strongly
undulated longitudinal veins; Sarytashia has much
narrower areas between IR2 and RP2, IR2 and RP3/4, with
much smaller size; Bathmophlebia has a strongly undulated
MP with four rows of cells in maximum between it and
MAa, and a much longer CuAa, which strongly hunching
distally; Xanthohypsa with much less expanded area
between MP and posterior margin, three rows of cells in
maximum between MP and MAa, and a distinct longer
CuAa; Oshinia was erected base on a wing apex with very
small and dense cells under the pterostigma; Dorsettia has
particular anal area and unique transverse subdiscoidal
space; Petrophlebia has small and simple anal area, with
Ax2 not situated on the level of the distal side discoidal
space. All these genera appear to differ in above-mentioned
characters from our specimens. According with all
diagnosis proposed by Nel et al. (2007), our specimens can
included in Sinokaratawia, which was just erected based on
four specimens from Daohugou, the same location our
materials collected from. Furthermore, we found that some
other feathers appeared stably on all materials studied here,
as well as on those specimens described by Nel et al.
(2007), thus an emended diagnosis was proposed (see
above).

Short petiole of S. prokopi described by Nel et al. (2007)
seems indistinct. After working on our materials, we

Pternopteron,

preferred to consider this genus as a no-petiole group.

As three new species coming out only based on female
materials from the same location, the male and female
partnership of S. prokopi became questionable. In fact,
identification of conspecific male and female can be
accurate only if the mating dragonflies were preserved as
fossils fortunately. For this group, the big different venation
of male and female make this work even harder. Well
preserved specimens, especially those with body characters
would be advantageous to resolve this problem.
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Explanation of plates:

1. Sinokaratawia  daohugouica  sp. nov., holotype
CNU-OD-NN2004058.

2. Sinokaratawia  daohugouica  sp. nov.,  paratype
CNU-OD-NN2004061.

3.  Sinokaratawia  daohugouica  sp. nov.,  paratype
CNU-OD-NN2004064.

4.  Sinokaratawia  daohugouica  sp. nov.,  paratype
CNU-OD-NN2004063.

5. Sinokaratawia magica sp. nov., holotype
CNU-OD-NN2004041-1.

6. Sinokaratawia magica sp. nov., holotype
CNU-OD-NN2004041-2.

7. Sinokaratawia gloriosa sp. nov., holotype
CNU-OD-NN2004040-1.

8. Sinokaratawia gloriosa sp. nov., holotype

CNU-OD-NN2004040-2.

9. Sinokaratawia prokopi Nel, Huang and Lin, 2007,
CNU-OD-NN2004042.

10. Sinokaratawia prokopi Nel, Huang and Lin, 2007,
CNU-OD-NN2004057.
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