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Phase contrast X-ray synchrotron microtomography
and the oldest damselflies in amber (Odonata:
Zygoptera: Hemiphlebiidae)
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Electrohemiphlebia barucheli gen. et sp. nov. and Jordanhemiphlebia electronica gen. et sp. nov., two new
genera and species are described, based on exceptional inclusions of hemiphlebiid damselflies in Cretaceous amber
from France and Jordan. The type specimen of E. barucheli was studied using phase contrast X-ray synchrotron
microtomography, giving exceptional images and detailed information. Its comparison with the recent Hemiphlebia
mirabilis confirms the attribution of several Cretaceous damselflies to the Hemiphlebiidae, showing that this
particular group was widespread in the Early Cretaceous and probably originated in the Late Jurassic or earlier. The
ecological niches today occupied by the small coenagrionoid damselflies were occupied during the Triassic and
Jurassic by Protozygoptera, hemiphlebiids during the Early Cretaceous, and modern taxa in the Cenozoic.

© 2009 The Linnean Society of London, Zoological Journal of the Linnean Society, 2009, 156, 913-923.
doi: 10.1111/5.1096-3642.2008.00497.x
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INTRODUCTION date, only five genera from the Late Jurassic and
about ten from the Cretaceous have been described
(Bechly, 1998b; Jarzembowski et al., 1998; Fleck
et al., 2001), and all as compressions with little or no
relief. Fossil odonates in amber are quite rare and to
date only recorded from the Tertiary. This lack of an
‘amber record’ is disheartening given the unique fidel-
ity of preservation in amber and the wealth of sys-
*Corresponding authors. E-mail: gfleck@uni-bonn.de, tematic and palaeobiological information that can be
anel@mnhn. fr ascertained from such inclusions.

Although the insect order Odonata has a rich and
varied fossil record, those species of the familiar sub-
order Zygoptera (i.e. the damselflies) are significantly
more rare in Mesozoic deposits than the dragonflies
and damsel-dragonflies (suborder Epiproctophora). To
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914 M. LAK ET AL.

Herein we report the oldest damselflies in latest
Albian amber from south-western France and Barre-
mian amber from Jordan, the latter of contem-
poraneous age with the more extensive deposits of
Lebanese amber (Brenner & Bickoff, 1992). The
uniqueness of the present discoveries most probably
does not correspond to a rarity of damselflies in the
contemporaneous palaeoenvironments but rather to a
taphonomic bias. Odonata are very rare in all types of
amber, even in Dominican (about 20 specimens), Oise,
France (three specimens), and Baltic amber (fewer
than 50 specimens), where several thousands of other
arthropod inclusions are trapped (Bechly, 1998a; May
& Carle, 2005; Nel & Arillo, 2006). Indeed, the
present discovery of a damselfly among fewer than
2000 biological inclusions in Jordanian amber corre-
sponds to a potentially higher percentage than to
those in Baltic amber (Kaddumi, 2005). Damselflies
are actually rather common in lacustrine and fluvial
outcrops of the same age.

The French specimen is preserved in a piece of
opaque amber and was discovered and studied with
phase contrast X-ray synchrotron imaging (Tafforeau
et al., 2006; Lak et al., 2008). Its wings, head, legs,
and thorax are preserved, but the abdomen is
lacking. The Jordanian specimen is represented
solely by the distal half and basal half of a hyaline
wing, with dark brown pterostigma. Only two small
fragments of the wing are not preserved, namely the
section just distal to the nodus and the basalmost
portion of the wing. The preserved structures of
the wings of these fossils present a high degree of
similarity to those of small damselflies from the
Barremian sandstones of the English Weald Clay
and the Lacustrine Crato Formation in Brazil,
i.e. the hemiphlebiid genera Parahemiphlebia and
Cretarchistigma  (Bechly, 1998b; Jarzembowski
etal., 1998).

MATERIAL AND METHODS

The French specimen (ARC 372.1) is the second
Odonata found in the Mid Cretaceous deposits from
the Charentes region. The first one, a dragonfly, cor-
responds to a wing print in the Early Cenomanian
clay from the Puy-Puy quarry (Nel et al., 2008). The
new specimen, from the latest-most Albian of the
Archingeay-Les Nouillers quarry (Néraudeau et al.,
2002), was firstly detected (but not recognized)
during a large survey of Charentes opaque amber
using propagation phase contrast X-ray synchrotron
microradiography, following the protocol described in
Lak et al. (2008). It was then three-dimensionally
imaged using phase contrast X-ray synchrotron
microtomography. These two experiments were
performed on the Beamline ID19 of the European

Synchrotron Radiation Facility (ESRF) at Grenoble,
France. Details for the microradiographic survey
protocol were given by Lak et al. (2008). The micro-
tomographic scan was performed with an isotropic
voxel size of 5.06 ym with a monochromatic beam at
an energy of 30 keV and a propagation distance of
990 mm. As the size of the amber block was far
larger than the tomographic field of view, we used
local microtomography with 1500 projections on 180
degrees in continuous acquisition mode (Lak et al.,
2008). After tomographic reconstruction and eight-
bits conversion, the volume was segmented in 3D
using the software VGStudioMax 1.2.1 (Volume
Graphics, Heidelberg, Germany), in order to
virtually extract the specimen from the opaque
amber.

In the descriptions, wing venation nomenclature
follows that of Riek (1976) and Riek & Kukalova-Peck
(1984), as amended by Nel et al. (1993), Bechly (1996),
and Fleck & Nel (2003).

The following standard abbreviations are used: AA
anal vein, AP anal posterior, Ax1 and Ax2 primary
antenodal cross-veins, CuAa distal branch of cubitus
anterior, CuAb proximal branch of cubitus anterior,
IR2 intercalary radial vein, MAa distal branch of
median anterior, MAb posterior branch of median
anterior, MA median anterior, MP median posterior,
N nodus, Pt pterostigma, RA radius anterior, RP
radius posterior RP3/4 proximal branch of radius
posterion.

SYSTEMATIC PALAEONTOLOGY
FAMILY HEMIPHLEBIIDAE TILLYARD, 1926
ELECTROHEMIPHLEBIA GEN. NOV.

Etymology: The genus-group name is a combination
of the Greek term electron (meaning, ‘amber’) and
Hemiphlebia, type genus of the family. The name is
feminine.

Type species: Electrohemiphlebia barucheli sp. nov.

Diagnosis: Very small damselflies; head not very
transverse; clypeofrontal sulcus deep; antefrons with
two strong gibbosities separated by a median depres-
sion; strong sulcus between frons and vertex (i.e.
the plate bearing the ocelli, limited anteriorly by the
frons, laterally by the eyes and posteriorly by the
occiput); posterior ocelli on a high gibbosity well sepa-
rated from others and from the vertex and frontal
part of frons by complete sulci set inside strong
depressions; suture between vertex and occiput
rather well pronounced; pterothoracic interpleural
suture only present around metastigmal area;
protibial comb absent; wings with short petiole;
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THE OLDEST DAMSELFLIES IN AMBER 915

arculus distinctly distal of Ax2; forewing discoidal cell
basally opened, with RP + MA, basal part of MA, and
MAD aligned or nearly so; angle between MAb and
MP + CuA rather acute in forewing discoidal cell;
hindwing discoidal cell basally closed; base of RP3/4
close to subnodus; base of IR2 opposite subnodus;
subnodus vertical.

ELECTROHEMIPHLEBIA BARUCHELI GEN.
ET SP. NOV. (F1Gs 1-14, 204, B)

Etymology: The specific epithet is a patronymic one,
proposed by Paul Tafforeau, honouring José Baruchel,
head of the imaging group of the ESRF, as without
him, palaeontology would never had developed so
importantly at the ESRF.

Figure 3. Electrohemiphlebia barucheli gen. nov., sp.
nov., holotype ARC 372.1, habitus frontal view.

Figure 1. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, habitus left lateral view.

Figure 2. Electrohemiphlebia barucheli gen. et sp.  Figure 4. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, habitus right lateral view. nov., holotype ARC 372.1, frontal view of head.
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916 M. LAK ET AL.

Figure 5. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, dorsal view of head.

Figure 6. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, detail of fore legs white arrow
for tibia).

Material: Holotype specimen ARC 372.1, a complete
thorax attached to head and to the basal parts of the
four wings, deposited in the Department Histoire de
la Terre, Muséum National d’Histoire Naturelle,
Paris. All the tomographic data as well as a surface
model of the specimen are available upon request

Figure 7. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, legs.

Figure 8. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, left view of thorax.

from the first author, and will be deposited in the
public palaeontological database project of the ESRF
when available. Reference 3D prints of the extracted
specimens are deposited in the Muséum National
d’'Histoire Naturelle (Paris, France), in the Géo-
sciences laboratory (Rennes, France), and at the
ESRF (Grenoble, France).
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THE OLDEST DAMSELFLIES IN AMBER 917

Figure 9. Electrohemiphlebia barucheli gen. et sp. Figure 11. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, base of hindwing. nov., holotype ARC 372.1, nodal region of hindwing.

Figure 10. Electrohemiphlebia barucheli gen. et sp. Figure 12. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, base of forewing. nov., holotype ARC 372.1, nodal region of forewing.

Type locality: Archingeay-Les Nouillers; Charente- Description: Forewing: petiole short, with AA separat-

Maritime; south-west France; Mid Cretaceous; ing from AP near wing base; one row of two long cells
Uppermost Albian (lithological subunit Al sensu between AA and AP, between wing base and point of
Néraudeau, Thierry & Moreau, 1997). fusion between AA and CuA; CuP weakly curved, just

distal cross-vein between two cells of anal area,
between Ax1 and Ax2, but nearer level of Ax1 than
Diagnosis: As for the genus (vide supra). that of Ax2, 0.2 mm distal of level of Ax1; no second-
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918 M. LAK ET AL.

Figure 13. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, apical part of hindwing.

Figure 14. Electrohemiphlebia barucheli gen. et sp.
nov., holotype ARC 372.1, apical part of forewing.

ary antenodal cross-vein; arculus 0.2 mm distal of
Ax2; distance between wing base and Ax1 1.2 mm,
between Ax1 and Ax2 0.8 mm; distance between wing
base and nodus about 4.5 mm, between arculus and
nodus 2.5 mm; median and submedian spaces free;
discoidal cell basally opened; RP + MA, basal part of

Figure 15. Hemiphlebia mirabilis Selys, 1869, dorsal
view of head.

Figure 16. Hemiphlebia mirabilis Selys, 1869, anterior
view of head.

Figure 17. Hemiphlebia mirabilis Selys, 1869, ventral
view of fore tibia.

MA and MADb aligned or nearly so; angle between
MADb and MP + CuA rather acute in discoidal cell;
MADb 0.5 mm long; basal part of MA 0.3 mm long; MP
with a strong curve near its base; terminal kink of CP
at nodus reduced; nodal Cr of normal obliquity; sub-
nodus vertical, MP reaching posterior wing margin

© 2009 The Linnean Society of London, Zoological Journal of the Linnean Society, 2009, 156, 913-923
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THE OLDEST DAMSELFLIES IN AMBER 919

Figure 18. Jordanhemiphlebia electronica Kaddumi
gen. et sp. nov., holotype, apical half of wing. Scale
bar =1 mm.

Figure 19. Jordanhemiphlebia electronica Kaddumi
gen. et sp. nov., holotype, basal half of wing. Scale
bar =1 mm.

about two to three cells distal base of RP2; basal part
of postdiscoidal area poorly preserved but probably
one row of cells between MA and MP; base of RP3/4
between arculus and nodus, very close to nodus; base
of IR2 opposite subnodus; one cell between base of
RP3/4 and IR2; base of RP2 two cells distal of sub-
nodus; subnodus apparently with a normal obliquity,
not vertical; only two basal postnodal cross-veins and
two basal postsubnodal cross-veins preserved, not
aligned; no oblique cross-vein between IR2 and RP2.

Hindwing: petiole short, with AA separating from
AP near wing base; one row of two long cells
between AA and AP, between wing base and point of
fusion between AA and CuA; CuP weakly curved,
just distal cross-vein between the two cells of anal
area, between Ax1l and Ax2, but nearer the level of
Ax1 than that of Ax2, 0.3 mm distal of level of Ax1;
distance between wing base and Axl 1.5 mm,
between Ax1 and Ax2 0.9 mm; no secondary anteno-
dal cross-vein; arculus 0.2 mm distal of Ax2; median
and submedian spaces free; discoidal cell basally

Figure 20. Wing reconstructions. A-B. Electrohemi-
phlebia barucheli gen. et sp. nov., holotype ARC 372.1.
A, forewing. B, hindwing. C, Jordanhemiphlebia
electronica Kaddumi gen. et sp. nov., holotype. Scale
bars = 2 mm. N, nodus; Ax1, Ax2, primary antenodal cross-
veins; RA, radius anterior; RP, radius posterior; IR, inter-
calary radial veins; MA, median anterior; MP, median
posterior; CuA, cubitus anterior; Pt, pterostigma.

closed, with a distinct angle in MA at its point of
contact with basal side of discoidal cell, and an
angle between MA and MADb; basal part of MA
(anterior side of discoidal cell) 0.5 mm long, MADb
0.8 mm long, posterior side 1.1 mm long, basal side
0.3 mm long; terminal kink of CP at nodus reduced;
nodal Cr of normal obliquity; subnodus vertical; MP
with a strong curve near its base; one row of cells
between MA and MP and between MP and CuA;
CuA strongly zigzagged in its distal part, with one
to two rows of cells between it and posterior wing
margin; base of RP3/4 between arculus and nodus,
close to nodus; base of IR2 opposite nodal Cr and
subnodus, 0.5 mm distal of base of RP3/4; area
between RA and RP broadened at level of base of
RP3/4; one cell between bases of RP3/4 and IR2;
subnodus not visible; base of RP2 two cells distal of
subnodus; no oblique cross-vein between IR2 and
RP2; areas between RP3/4 and MA and between
RP3/4 and IR2 both with one row of cells, distally
broadening, but with distal part missing;
pterostigma and pterostigmal brace not preserved.

© 2009 The Linnean Society of London, Zoological Journal of the Linnean Society, 2009, 156, 913-923
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Body: Head 3.68 mm wide; compound eye broad,
1.02 mm wide in frontal view; distance between eyes
1.65 mm, head not very transverse; antennal scape
very strong, distinctly longer than wide, about twice
as long as wide; pedicel well developed; flagellum
reduced to a tiny bristle, 0.6 mm long; labrum
weakly developed, gibbose, transverse, 0.3 mm long,
0.8 mm wide, with lateral margin rounded, man-
dibles well exposed; anteclypeus -clearly visible,
small, 0.1 mm long, 0.2mm wide, postclypeus
broader than labrum, 0.3 mm long, 1.0 mm wide;
clypeo-frontal sulcus deeply impressed; anterior part
of frons with two strong gibbosities separated by a
median depression; antennal insertions in lateral
position relative to the antefrons, not aligned with
front ocellus; a strong sulcus between frons and
vertex; posterior ocelli on a high gibbosity well sepa-
rated from others by strong depressions; lateral
sulci between ocelli and lateral sides of vertex com-
plete and reaching posterior sulcus of the vertex;
suture between vertex and occiput rather well pro-
nounced. All legs preserved at least in part, with
two rows of strong spines on femora and tibiae;
protibial comb absent; profemur 1.3 mm in length,
protibia ¢. 1.6 mm in length; mesofemur 1.8 mm in
length, mesotibia 1.7 mm in length, tarsi 0.4 mm in
length; metafemur 3.1 mm in length, metatibia not
preserved; three tarsomeres on all legs. Lateral neck
structure of arrester system sensu Gorb (1998) well
visible (arrester system present) (Fig. 12); prothorax
with notal anterior lobe narrow but rather pro-
nounced anterior margin, median notal lobe broad,
with two low lateral gibbosities separated by a
median depression, posterior notal lobe well defined,
erected and in dorsal view bearing a small triangu-
lar lug at median part of distal border (Figs 5, 12);
area constituted by anterior margin of pterothorax
and collar crests delimiting a well-defined triangle,
larger than in Hemiphlebia (Fig.5); pterothorax of
zygopterid type, distinctly higher than wide, 2.7 mm
high, 2.0 mm wide; interpleural suture only present
around metastigmal area, 0.3 mm in length, dorsal
part absent.

Discussion: The presence of long and slender rapto-
rial legs, with femoral spines similar to the tibial
spines, and the reduction of the terminal kink of CP
at the nodus are apomorphies of Zygoptera (Bechly,
1996). The transverse elongation, the dorsoventral
median compression of the head capsule, and dis-
tance between the compound eyes of Electrohemi-
phlebia barucheli gen. et sp. nov. are comparable to
those of many Zygoptera. The well-pronounced
cephalic sulcus between the frons and vertex, as in
Hemiphlebia (Figs 4, 16), is a feature unlike most
Zygoptera.

Within the Zygoptera few taxa have so dissimilar
discoidal cells in the fore- and hindwing, i.e. with the
cell basally opened and with anterodistal part nearly
straight in the forewing, but basally closed and with
strong angles between the anterior and distal sides in
the hindwing. This is especially true for the Recent
Australian genera Hemiphlebia  Selys, 1868
(Hemiphlebiidae Tillyard, 1926) and Chorismagrion
Morton, 1914 (Chorismagrionidae Tillyard & Fraser,
1938), and also the Early Cenozoic family Frenguel-
liidae Petrulevi¢ius & Nel, 2003 (Petrulevi¢ius & Nel,
2003, 2007). The latter strongly differs from Electro-
hemiphlebia in the bases of RP3/4 and IR2 being well
basal of the nodus and in having a very different,
highly specialized nodus. Chorismagrion differs from
Electrohemiphlebia in that its postnodal and postsub-
nodal cross-veins are aligned, the wings have a long
petiole, and the arculus is just distal to Ax2 (Miinz,
1919). Electrohemiphlebia differs from Hemiphlebia
in AA separating from AP very close to the wing base,
instead of close to the level of CuP, and the vertical
subnodus.

Bechly (1996), after Kennedy (1919), proposed as a
synapomorphy of Hemiphlebia the obsolescence of the
protibial comb, a feature also seen in Electrohemi-
phlebia (Figs 6, 17). Furthermore, Electrohemiphlebia
and Hemiphlebia share the presence of a sulcus
between the frons and vertex; posterior ocelli posi-
tioned on pronounced gibbosities (although certainly
more pronounced in Electrohemiphlebia than in
Hemiphlebia); and complete and deep sulci between
ocelli, ocellar gibbosities, and lateral sides of post-
frons (see Figs 5, 15) (Fraser, 1955). In the great
majority of other recent Zygoptera the posterior ocelli
are not placed on such pronounced gibbosities. There
are no clear sulci between the ocelli and the lateral
parts of the vertex, except in a few recent taxa (Syn-
lestes). Such sulci are present in the Tarsophlebiidae,
sister group of (Zygoptera + Epiproctophora) (visible
in a specimen from China, Huang & Nel, 2009), but
also in the Epiproctophora themselves (Epiophlebia
and the Anisoptera). Accordingly, they are probable
plesiomorphies of the taxa considered herein.

Electrohemiphlebia and Hemiphlebia also share a
strongly reduced thoracic interpleural suture (only
present in the metastigmal area in Electrohemiphle-
bia, but also present in the dorsal one-tenth
in Hemiphlebia) (Asahina, 1957). Trueman (1999)
considered the open discoidal cell of the forewing
in Hemiphlebia to be ‘derived with respect to the
closed condition in Zygoptera’. This character could
be considered a synapomorphy of Elecirohemiphlebia
and Hemiphlebia, but it is also present in some
other Zygoptera that are not related to Hemiphlebia.
Further characters shared by Electrohemiphlebia
and Hemiphlebia are as follows: postnodal and post-
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subnodal cross-veins not aligned (a symplesiomor-
phy after Bechly, 1998b); bases of RP3/4 and IR2
opposite the subnodus; CuA strongly zigzagged;
arculus distinctly distal to Ax2, not opposite it; no
secondary antenodal cross-veins; area between RA
and RP broadened at level of base of RP3/4; all
intercalary veins (except IR1? and IR2) suppressed
(potential synapomorphy after Bechly, 1998b), peti-
oles of wing base relatively reduced (potential syna-
pomorphy after Bechly, 1998b).

Bechly (1998b) considered that the Early Creta-
ceous genus Parahemiphlebia Jarzembowski et al.
(1998) was a hemiphlebiid, and that the other Early
Cretaceous genus Cretarchistigma Jarzembowski
et al. (1998) could also belong to this family. Electro-
hemiphlebia shares with both of these genera a
similar pattern in the wing base, with AA separating
from AP near the wing base, and two long cells in the
anal area, in addition to similar overall patterns in
the wing venation. Electrohemiphlebia differs from
both Cretarchistigma and Parahemiphlebia in that
the subnodus is vertical, rather than of more typical
obliquity. A vertical subnodus is not frequent among
Zygoptera, convergently present in two fossil clades,
the Sieblosiidae and Dysagrioninae. Electrohemiphle-
bia differs also from Cretarchistigma in that the hind-
wing discoidal cell has its anterior margin distinctly
shorter than the distal margin Jarzembowski et al.
(1998). Parahemiphlebia comprises three species —
Parahemiphlebia cretacica Jarzembowski et al., 1998,
Parahemiphlebia mickoleiti Bechly, 1998b (both from
the Late Aptian, Crato Formation of north-eastern
Brazil), and Parahemiphlebia allendaviesi Jarzem-
bowski et al., 1998 (Berriasian Purbeck Group of the
UK). The differences between the preserved and com-
parable wing venational structures of Electrohemi-
phlebia and these three species are few and at most of
specific importance. In P. allendaviesi, the hindwing
discoidal cell is shorter than in Electrohemiphlebia.
The wings of P. mickoleiti are exceedingly short, 9 mm
in length, and distinctly shorter than those of Elec-
trohemiphlebia. Distances from the base to the nodus
are 3.7 mm in P. mickoleiti, 6.6 mm in P. cretacica,
5.3 mm in P. allendaviesi, and 4.5 mm in Electrohe-
miphlebia. Thus Electrohemiphlebia is only slightly
larger than the smallest damselfly, P. mickoleiti.
Lastly, Electrohemiphlebia differs from P. cretacica
and P. mickoleiti in the distinctly narrower dis-
coidal cell, with a more acute angle between
MAb and MP + CuA (condition unknown for P.
allendaviesi).

The discovery of Electrohemiphlebia confirms the
former attribution of the genus Parahemiphlebia
(based on wing venation only) to the Hemiphlebiidae
and the very wide distribution (Brazil, UK, France,
Jordan) of this family during the Cretaceous.

JORDANHEMIPHLEBIA KADDUMI GEN. NOV.

Etymology: The new genus-group name is a combina-
tion of Jordan and Hemiphlebia, type genus of the
family. The name is feminine.

Type species: Jordanhemiphlebia electronica Kaddumi
Sp. nov.

Diagnosis: Very small damselflies; hindwing discoidal
cell basally closed; base of RP3/4 close to subnodus;
base of IR2 opposite subnodus; cell between bases of
RP3/4 and IR2 very broad below subnodus; subnodus
oblique; pterostigmal brace oblique but not aligned
with basal part of RP1; IR1 very short; area between
C and RA distal of pterostigma short.

JORDANHEMIPHLEBIA ELECTRONICA KADDUMI
GEN. ET SP. NOV. (Fi1Ggs 18, 19, 20C)

Etymology: The specific epithet is based on the Greek
term elektron (meaning, ‘amber’).

Material: Holotype specimen deposited in Eternal
River Museum of Natural History, Amman, Jordan.

Type locality: Wadi Zerqa; Jordan; Lower Cretaceous;
Barremian.

Diagnosis: As for the genus (vide supra).

Description: Wing hyaline, petiole not preserved but
after rather broad anal area with AA parallel to AP,
petiole probably quite short, with AA separating from
AP near wing base, and not below CuP; one long cell
between AA and AP, below discoidal cell and Ax1 and
basal of point of fusion between AA and CuA; Ax1 and
Ax2 not preserved, no secondary antenodal cross-vein;
distance between apex of discoidal cell and nodus
2.4 mm, discoidal cell basally closed; MAb 0.5 mm
long; MP not strongly curved near its base; terminal
kink of CP at nodus reduced; nodal Cr of normal
obliquity; subnodus nearly vertical; CuA strongly zig-
zagged, reaching posterior wing margin opposite sub-
nodus; one row of cells in cubito-anal area; MP
straight, reaching posterior wing margin one cell
distal base of RP2; one row of cells between MA and
MP; MA distally zigzagged; base of RP3/4 between
arculus and nodus, very close to nodus; base of IR2
opposite subnodus; one large cell between base of
RP3/4 and IR2; base of RP2 two cells distal of sub-
nodus; five postnodal cross-veins not aligned with
four postsubnodal cross-veins; no oblique cross-vein
between IR2 and RP2; IR1 very short, between
pterostigma and wing apex; RP1 with a strong angle
below pterostigmal brace; pterostigmal brace strong
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and oblique; pterostigma covering one cell, 0.6 mm
long, 0.3 mm wide; only four cells between C and RA
distal of pterostigma.

Discussion: This wing is nearly identical to the hind-
wings of the Cretaceous hemiphlebiid genus Para-
hemiphlebia, the only difference being the weaker
obliquity of the pterostigmal brace, which is not
aligned with the proximal portion of RP1 (Bechly,
1998b; Jarzembowski et al., 1998). The second hemi-
phlebiid genus Cretarchistigma differs from Jordan-
hemiphlebia in the longer vein IR1 that begins two
cells basal to the pterostigma, instead of below the
pterostigma as in Jordanhemiphlebia and Parahemi-
phlebia. Jordanhemiphlebia differs from the third
Cretaceous hemiphlebiid genus, Electrohemiphlebia,
in the nodal Cr and subnodus of normal obliquity,
instead of being vertical. Lastly, Jordanhemiphlebia
differs from Hemiphlebia in the shorter IR1, shorter
area between C and RA distal of pterostigma, broader
cell between the bases of RP3/4 and IR2 below the
subnodus, and probably AA separating from AP very
close to the wing base, instead of close to the level of
CuP (Miinz, 1919).

CONCLUSION

The hemiphlebiid damselflies were widespread in the
Early Cretaceous and the family is likely to be quite
ancient, dating from the Late Jurassic or even earlier.
Hemiphlebiid damselflies were apparently dominant
among Zygoptera in the Early Cretaceous. They
perhaps occupied the ecological niches of the small to
very small damselflies. They are at present replaced
everywhere by coenagrionoids, except in a few areas
in extreme south-east Australia and Tasmania where
Hemiphlebia is still living.

Whereas the oldest true Odonata are of Late
Permian age and the earliest Epiproctophora (sister
group to Zygoptera) are from the Late Triassic, curi-
ously the oldest documented damselflies are from the
Late Jurassic (Nel et al., 1999; Fleck et al., 2001).
This gap is most probably not owing to taphonomic
effects because some Jurassic damsel-dragonflies
were as slender and fragile as true damselflies,
although others were certainly more robust. The
latter clade probably began to diversify in the Late
Jurassic, and may have been represented solely by
stem-group families in the Triassic and earliest
Jurassic.

Damselflies certainly co-existed with the slender
damsel-dragonflies from the Late Triassic and Late
Jurassic, whereas the robust damsel-dragonflies per-
sisted into the Early Cretaceous and are represented
in the modern fauna by the relic family Epiophlebi-
idae. These lineages also co-existed with the protozy-

gopteran Protomyrmeleontidae, a strange family that
lived from the Late Triassic to the end of the Early
Cretaceous (Nel, Petrulevi¢ius & Martinez-Delclos,
2005). The diversification of the damselflies and
extinction of other ‘damselfly-like’ Odonata was cer-
tainly not related to the better flight performances of
the former as the flight structures of all these insects
are fundamentally the same (i.e. very elongate thora-
ces and long, petiolate, and narrow wings). Birds
diversified during the Cretaceous as a new group of
small aerial predators, but their impact on all these
insects of nearly the same size and flight performance
was certainly not sufficient to discriminate amongst
all these ‘damselfly-like’ Odonata. Nothing is known
of the aquatic immatures or how changes in freshwa-
ter palaeoenvironments (e.g. chemistry, temperature)
during the Early Cretaceous may have played into
their disappearance, a factor that probably caused the
extinction of the strongly diversified and worldwide
distributed Mesozoic family Aeschnidiidae, also of the
Odonata (Fleck & Nel, 2003).
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