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Abstract. Adjacivena rasnitsyni gen. n., sp. n., from the Middle Jurassic Jiulongshan Formation (Daohugou Village, Inner Mongolia,
China), is described based on a set of well-preserved specimens, interpreted as two females and a male of the same species. The new
taxon is assigned to the family Susumaniidae, i.e. is a candidate stem-Phasmatodea. This ordinal assignment is supported by genital
elements, chiefly a putative operculum concealing the ovipositor observed in one female specimen and a putative extension of the
10™ tergum with a thorn pad in the male specimen. Variation in the venation of the forewing is appreciated based on more or less
complete pairs of wings and a comparison with that in the forewings of male Heteropteryx dilatata (Parkinson, 1798). This material

offers new perspectives on the primary homologies of the hind wing venation of stick-insects.

INTRODUCTION

Stick-insects (also known as Cheleutoptera, Phasmato-
dea, Phasmida and Phasmatoptera, among others) com-
pose a rather small order of insects, which currently
includes over 3,000 extant species (Bragg, 2001; Brock &
Hasenpusch, 2009). The comparatively low extant diver-
sity in this order is mirrored by its rarity in the fossil
record: a few tens of species are to varying extents con-
vincingly assigned to this order (Birket-Smith, 1981;
Gorochov, 1988, 1992, 1993, 1994, 2000; Martynov,
1928; Nel et al., 2004, 2010; Ren, 1997; Sharov, 1968,
1971; Tillyard, 1918; Wedmann et al., 2007; among
others). However actual affinities of many fossil taxa
remain uncertain (Grimaldi & Engel, 2005; Tilgner, 2000;
and see discussion by Gorochov, 2000; Bradler & Buck-
ley, 2011, with respect to Nel et al., 2010; and Delclos et
al., 2008).

This situation is primarily due to the incompleteness of
the fossil material, but also to a lack of a clear-cut
forewing venation apomorphy for this order. According
to Gorochov & Rasnitsyn (2002), “fore wing with veins
subparallel” is the only available character for identifying
a stick-insect wing. However, this character is shared by a
large number of narrow-winged polyneopteran insects,
including, for example, some mantids. In addition the fact
that many stick-insects have vestigial forewings reduces
the value of this character. Finally, although relevant at
the level of the order, the comparative analysis of fore-
and hind wing venation provided by Ragge (1955), based
on extant material, needs to be reinterpreted in a broader
context, chiefly because the CuA vein in the hind wings,
which is strongly convex in nearly all polyneopteran
insects (possibly nearly all winged insects), is not
included in this interpretation (the vein interpreted as

“Cu” is concave). This situation has two interrelated con-
sequences: conjectures about the primary homologies of
stick-insect wing venation and the identification of sev-
eral Mesozoic representatives of the order are both uncer-
tain.

Thus, specimens of Mesozoic fossils on which the
details of the hind wings and body are clearly visible are
particularly valuable. Herein we describe three new and
comparatively complete Jurassic specimens from China
that we tentatively assign to Phasmatodea.

MATERIAL AND METHODS

All the fossil material described is housed in the Key Labora-
tory of Insect Evolution & Environmental Changes, Capital
Normal University, Beijing, China. The material was collected
near Daohugou Village, Jiulongshan Formation, Ningcheng
County, Inner Mongolia, China. The age of the Formation is
still controversial, but most published biostratigraphic correla-
tions and radiometric dates indicate a Middle Jurassic age
(Bathonian — Callovian boundary; Ren et al., 1995, 2002, 2010;
Cui et al., 2010; Zhao et al., 2010).

Fossil specimens were examined under a Leica MZ12.5 dis-
secting microscope and illustrations made with the aid of a
drawing tube attached to the microscope. Line drawings were
prepared using CorelDraw 12 graphic software. Photographs
were taken using a Nikon D100 coupled to a 105 mm Nikon
macro lens and processed using Adobe Photoshop.

Material of Heteropteryx dilatata (Parkinson, 1798) was
obtained from an insect dealer. According to the data provided
the specimens were collected from wild populations at Tapah,
Cameron Highlands (Malaysia) in February 2006. Wings were
cut off and mounted on slides in Euparal medium. Photographs
were taken using a Canon EOS 400D coupled to a 50 mm
Canon macro lens and processed using Adobe Photoshop.

The systematic arrangement tentatively follows Gorochov
(1988, 2000; but see below). Except “Sc” and “RS” are replaced
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by “ScP” and “RP”, respectively, wing venation nomenclature
and conjectures of primary homology follow Sharov (1968,
1971; followed by Carpenter, 1992). This does not imply sup-
port for this primary homology by the second author. Wing
venation abbreviations are as follows: ScP — posterior Subcosta;
R — Radius; RA — anterior Radius; RP — posterior Radius; MA —
anterior Media; MA1 — anterior branch of MA; MA2 — posterior
branch of MA; MP — posterior Media; CuA — anterior Cubitus;
CuAl — anterior branch of CuA; CuA2 — posterior branch of
CuA; CuP — posterior Cubitus; 1A — first anal vein. Other abbre-
viations and indications are as follows: LFW — left forewing;
RFW - right forewing; LHW — left hind wing; RHW - right
hind wing; on Fig. 3, * indicate the claval fold on each
forewing. Abbreviations for genital structure follow Bradler
(2009). In detail: Gon — gonobasis; Op — operculum; Gap8 —
gonapophysis 8; Cer — cercus.

SYSTEMATICS

Order Phasmatodea Brunner von Wattenwyl, 1893
Superfamily Susumanioidea Gorochov, 1988
Family Susumaniidae Gorochov, 1988

Genus Adjacivena gen. n.

Type species. Adjacivena rasnitsyni sp. n. by present descrip-
tion (monotypic genus).

Composition. Type species and Adjacivenia reticulata
(Kuzmina, 1985) comb. n. (but see discussion; originally
assigned to the genus Phasmomimoides Sharov, 1968,
and then to the genus Fosusumania Gorochov, 1988 by
Gorochov, 1988).

Diagnosis. Forewing: MA2 approaching MP + CuAl a
short distance before the middle of the wing (main diag-
nostic character); MP + CuAl forked (known only for
type species). Hind wing (known only for type species):
MA1 fused over a moderate distance with RP; MA2 fused
with MA1 distal to its divergence from RP + MA1. Legs
slender, moderately long and apparently not armed.

Etymology. Generic name derived from the combination of
“adjac-” (adjacent in Latin) and “vena” (vein in Latin) referring
to the main character of this genus, namely that the vein MA2
approaches MP + CuAl in the forewings. Gender: feminine.

Discussion. The occurrence of a RP vein in the
forewing that forks near its origin is an uncommon trait in
winged insects. This trait is present in the forewing of
male Heteropteryx dilatata (extant Phasmatodea; Will-
mann, 2003: Fig. 12; Fig. 4) and in several genera
assigned to the family Susumaniidae (see composition in
Gorochov, 2000). Affinities of the new material with
Blattinopsidae Bolton, 1925, which also have a RP with
basal first fork, can be excluded because: (1) lack of
m-cua arculus; (2) lack of comb-like aligned cross-veins;
and (3) occurrence of a long ScP.

It is uneasy to apply the systematic treatment provided
by Gorochov (2000) to the Susumaniidae. One of the
traits considered by this author is the number branches of
RP in forewings: this vein is said to be 2-branched in
Susumaniinae and 3-branched in Phasmomimoidinae
(Gorochov, 2000: 299). However, we observed both
states in specimens of the extant stick-insect species, Het-
eropteryx dilatata (Fig. 4). Another trait considered by
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Gorochov (2000) is the location of the first fork of RP in
forewings, which he states is located “in proximal wing
part” in Susumaniinae and “in middle wing part” in Phas-
momimoidinae. However, according to data published by
Birket-Smith (1981: Fig. 1D) and Gorochov (2000: Fig.
3c) this fork is located about 40.6% along the length of
the wing in Coniphasma rosenkrantzi Birket-Smith, 1981
[a Susumaniinae according to Gorochov (2000)] and
41.5% along the length of the wing in Phasmomimoides
lineatus Sharov, 1968 (type-species of the type-genus of
the Phasmomimoidinae). The difference is therefore neg-
ligible. Because of this and our limited knowledge of the
intra-specific variation in wing venation in Susumaniidae,
we propose to compare the material of Adjacivena rasnit-
syni gen. n., sp. n. with all taxa assigned to the Susu-
maniidae by Gorochov (2000).

Palaeopteron complexus Rice, 1969 is documented
based on a single specimen, several wings of which over-
lap. Only a part of the hind wing venation is deciphered
by Rice (1969). According to the available data the stem
of RP + MAI1 [“R2+3” & “R4+5” according to Rice
(1969)] is comparatively long and MA2 (“M1+2”) and
MP + CuAl (“M3+4”) reach CuA2, which is similar to
what occurs in Orephasma eumorpha Ren, 1997, and
make Adjacivena rasnitsyni gen. n., sp. n. distinct from
these species.

In Adjacivena rasnitsyni gen. n., sp. n. MA2 and MP +
CuAl are very narrowly separated over some distance.
This trait is very probably derived and is absent in Coni-
phasma rosenkrantzi (Birket-Smith, 1981).

The interpretation of the forewing venation of Promas-
tacoides albertae Kevan & Wighton, 1981 is not evident
from the available data (Kevan & Wighton, 1981: Fig. 6):
the posterior branch of the vein interpreted by Kevan &
Wighton (1981) as “MA” together with “MP” probably
form MP + CuAl; the anterior branch of the vein inter-
preted as “MA” is probably MA2; and the posterior
branch of that interpreted as “Rs”, the origin of which is
unclear, is probably “MA1”. It is plausible that there are
secondary intercalary veins in the area between the two
branches of RP and in that between the posterior branch
of RP and MAI1. These are absent in our material, in
which the cross-veins are reticulated. In addition the col-
oration pattern differs significantly.

Phasmomimella paskapoensis Kevan & Wighton, 1981
is only known from a hind wing. In the light of recent dis-
coveries (Ren, 1997; and herein) the posterior branch of
“Rs”, as indicated by Kevan & Wighton (1981: Fig. 2),
must be interpreted as MAL. In the corresponding mate-
rial the common stem of RP + MAT1 is much longer than
in the new material. In addition RA, RP and MA1 follow
a sigmoidal course near the apex, a trait absent in Adja-
civena rasnitsyni gen. n., sp. n.

Only a single and fragmentary forewing of each species
of the genus Eosusumania Gorochov, 1988 is known,
except for Fosusumania fusca Gorochov, 1988. In the
later, MP + CuAl is simple (unlike in Adjacivena rasnit-
syni gen. n., sp. n.) and this species lacks a narrow area
between MA2 and MP + CuAl. Comparison with



Eosusumania ornata (Kuzmina, 1985) is impossible due
to the extremely fragmentary condition of the material.
Although the corresponding material is also fragmentary,
both Eosusumania lata (Kuzmina, 1985) and FEosusu-
mania maculata (Kuzmina, 1985) lack a narrow area
between MA2 and MP + CUAI1. The description of
Eosusumania reticulata (Kuzmina, 1985) is based on a
basal fragment of a forewing and it cannot be determined
whether MP + CuAl is forked, or simple. Notably, the
area between MA2 and MP + CuAl is narrow in this spe-
cies.

Prosusumania semenica Gorochov, 1988, and species
assigned to the genus Crefophasmomima Kuzmina, 1985
by Gorochov (1988), including Cretophasmomima baissi-
ense (Sharov, 1968) and Cretophasmomima antiqua
(Kuzmina, 1985), have a simple MP + CuA1l (Gorochov,
1988; Kuzmina, 1985; Sharov, 1968), while in all speci-
mens of Adjacivena rasnitsyni gen. n., sp. n. this vein
forks distally. The condition of this trait in Susumania
flexuosa Gorochov, 1988 cannot be determined because
the material is incomplete (Gorochov, 1988: Fig. 13), but
even if MP + CuAl forks in this species, the hypothetical
fork would be located in a distal part of the wing, unlike
in Adjacivena rasnitsyni gen. n., sp. n. In addition
Eosusumania fusca, Prosusumania semenica, Susumania
flexuosa and Cretophasmomima spp. lack a narrow area
between MA2 and MP + CuAl.

The available material of Cretophasmomimoides reduc-
tus Gorochov, 1988 is very incomplete. However, in this
species the area between MA2 and MP + CuAl is of
usual width, unlike in Adjacivena rasnitsyni gen. n., sp. n.

Species known only by hind wings compose the genus
Paraphasmomimella Kuzmina, 1985, making this taxon
of doubtful relevance. Paraphasmomimella longa Kuz-
mina, 1985 is documented based on a very fragmentary
specimen, in which the common stem RP + MA1 (“RS1”
& “RS2” in Kuzmina, 1985) is comparatively long and it
is likely that MP + CuA1 reaches CuA2. In all these traits
this species differs from Adjacivena rasnitsyni gen. n., sp.
n. The species Paraphasmomimella chetanica Gorochov,
1988 is as poorly known as Paraphasmomimella longa.
In the former the common stem RP + MA1 is longer than
in Adjacivena rasnitsyni gen. n., sp. n. It must be noted
that species of the genus Paraphasmomimella closely
resemble Hagiphasma paradoxa Ren, 1997 and Aethe-
phasma megista Ren, 1997.

Kolymoptera magadanica Gorochov, 1988, for which
the original material was erroneously interpreted as fore-
wings (Gorochov, 2000), has a comparatively long RP +
MAL stem, unlike in the hind wings of Adjacivena rasnit-
syni gen. n., Sp. n.

Finally Hagiphasma paradoxa, Aethephasma megista
and Orephasma eumorpha, all known from exceptionally
well-preserved specimens with fore- and hind wings,
differ from Adjacivena rasnitsyni gen. n., sp. n. as
follows: (1) lack of narrow area between MA2 and MP +
CuAl (posterior branch of “MA” — anterior branch of
“MP” according to Ren, 1997) in forewings, and (2) com-
paratively long RP + MA1 stem (“Rs” and “MA” in Ren,

1997) in hind wings. In addition, as mentioned above,
MA2 (“MP”) and MP + CuAl (“CuA”) reach CuA2
(“CuP”) in Orephasma eumorpha, unlike in Adjacivena
rasnitsyni gen. n., sp. n. In Hagiphasma paradoxa and
Aethephasma megista MP + CuAl reaches CuA2, this
derived trait is absent in Adjacivena rasnitsyni gen. n.

In summary, a single species might be related to the
material we describe: FEosusumania reticulata has a
narrow area between MA2 and MP + CuAl, as in Adja-
civena rasnitsyni gen. n., sp. n. and unlike other species.
This unique condition might indicate a close relationship
between these species. In the absence of further data, we
cannot properly test the hypothesis that Adjacivena
rasnitsyni gen. n., sp. n. and Eosusumania reticulata are
related: many characters of the forewing venation (such
as the total number of RP and MP + CuAl branches) and
hind wing morphology of the latter are unknown. The
proposed assignment to the new genus Adjacivena must
be considered as tentative.

Assuming a close relationship between Adjacivena
rasnitsyni gen. n., sp. n. and Eosusumania reticulata, the
latter has forewings uniformly dark except along main
veins and cross-veins (Kuzmina, 1985: Pl. V, Fig. 7),
unlike in the former (either female or putative male).
Therefore, the erection of a distinct species is valid.

Adjacivena rasnitsyni sp. n.
(Figs 1-3)

Diagnosis. The forewing of the female is darkly col-
oured, with pale spots forming 4 transverse stripes and in
the presumed male alternating pale and dark areas occur.

Descriptions. Specimen CNU-PHA-NN2009001 (ho-
lotype; Fig. 1): incomplete individual, head and most part
of thorax obscured, abdomen incomplete, fragments of a
right hind? femur, and of a femur and tibia of a right leg
(Fig. 1B; the latter preserved on negative imprint only),
two complete forewings, an incomplete left hind wing
and very incomplete right hind wing; body length (as pre-
served) about 36 mm. Forewings: preserved length 44.4
mm / about 41 mm (right / left forewing), width about 12
mm / 12.5 mm; area between anterior wing margin and
ScP wide in proximal part, tapers gradually towards wing
apex; in proximal part, veinlets from ScP with many
irregular cross-veins between them; ScP hidden under R
basally; ScP long, reaching anterior margin of wing close
to wing apex; RA more or less parallel to ScP, with few
cross-veins between RA and ScP; RP branched 27.1 mm /
26.7 mm distal to its origin; anterior branch of RP forked,
posterior branch forked distally / simple; MA forks basal
to the origin of RP, with an anterior branch forked dis-
tally and a posterior branch simple; posterior branch of
MA weak and concave, closely approaches the middle of
MP + CuAl but does not join it. MP + CuAl branching
distal to the narrow MA / MP + CuAl area; MP + CuAl
basally straight and distally curved, reaching wing apex,
posterior branch of MP + CuAl S-shaped; area between
MP + CuAl and CuA2 broader distally; CuA, separated
from MP + CuAl at wing base; CuA2 more or less
straight, slightly extending beyond middle of the wing;
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Fig. 1. Adjacivena rasnitsyni gen. n., sp. n., holotype, specimen CNU-PHA-NN2009001 (presumably ?). A — habitus, drawing
and photograph (positive imprint, dry, reversed); B — photograph of right leg (as located on A but on the negative imprint).

CuP simple, slightly curved, ending nearly 2/5 along the
wing; 1A straight basally, bent posteriorly near wing mar-
gin; cross-veins numerous, forming reticulations along
posterior wing margin and in broad areas; dark
coloration, particularly basally and along the anterior
wing margin, with pale spots forming 4 transverse pale
stripes (apical one less clear), and also irregularly distrib-
uted along anterior wing margin. Left hind wings: only
left hind wing with observable details; preserved length
39.0 mm; area between anterior wing margin and ScP
long and narrow; ScP nearly reaches the wing apex; RA
simple, straight and parallel to ScP; RP fused with MA1T;
free RP 2.0 mm long, RP + MA1 8.5 mm long; MA2 sim-
ple, vanishing distally (reaching MA?); MP + CuAl and
CuA2 simple and straight; 7 anal veins preserved, base of
vannus not preserved; remigium with dark coloration,
particularly apically and along the anterior margin, with
pale spots often located within cells. Legs slender, moder-
ately long, not armed and with a cover of fine sctae.
Specimen CNU-PHA-NN2009003 (paratype; Fig. 2):
moderately well-preserved specimen, complete right
forewing, left forewing and left hind wing remains over-
lapping, left forewing and left hind wing hardly interpret-
able, incomplete and faint femora and tibiae of a pair of
right legs, and moderately well-preserved end of the
abdomen, positive imprint. Right forewing: preserved
length about 38.2 mm, width about 9.6 mm; area between
anterior wing margin and ScP wide proximally, tapers
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gradually towards wing apex; in proximal part, only a few
reticulated cross-veins visible; ScP hidden under R
basally, long and concave, reaching anterior wing margin
close to wing apex; RP branched 25.1 mm distal to its ori-
gin; anterior branch of RP forked, posterior branch
simple; MA forks basal to the origin of RP; MA2 weak
and concave, approaches middle of MP + CuA1 but never
joins it; MP + CuAl with two branches; CuA2 simple,
slightly curved. Left forewing: RP with 3 branches; MA1
forked distally (resulting branches indicated as * on Fig.
2). Left hind wing: R slightly curved, strong; RP fused
with MA1; free RP (before fusion with MA1) about 1.7
mm long, RP + MAI 124 mm long, RP and MAI1
diverging distally. Abdomen: only terminal segments
visible; genitalia (in dorsal view; Fig. 2B) composed of a
pair of elongated valves (presumably gonapophysis 8)
with left gonobasis visible, forming an ovipositor; occur-
rence of an operculum, partly hidden by visible valves
(located above it), broader than valves at its base,
extending distally to apices of valves, with distal portion
broken off; cerci and gonapophysis 9 not visible/
preserved/present.

Specimen CNU-PHA-NN2009002 (Fig. 3): body
length (excluding antennae) about 66 mm; head and most
of thorax obscured; abdomen long and slender, indistinct;
femur and tibia of a right leg partly visible; terminalia
including genital structures. Forewings: 41.8 mm / about
36 mm long (left / right forewings); area between anterior
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Fig. 2. Adjacivena rasnitsyni gen. n., sp. n., paratype, specimen CNU-PHA-NN2009003 (?). A — habitus, drawing (* indicate
branches of MAL1 in left forewing) and photograph (positive imprint, under ethanol); B — genital structures, drawing and photograph

(positive imprint, under ethanol; as located on A).

wing margin and ScP proximally wide, and tapers gradu-
ally; cross-veins poorly preserved in this area; R covering
ScP at wing base; RA simple, slightly bent posteriorly
opposite the origin of RP; RP branched 28.7 mm / 16.6
mm distal to its origin; in left forewing, RP with 4
branches, first anterior branch reaching RA sub-apically;
MA forked basal to the origin of RP; branches of MA
simple; posterior branch of MA weak, concave, and
approximating MP + CuAl opposite the first fork of RP;
MP + CuAl forked distal to wing mid-length; CuA2 and
CuP straight basally and curved posteriorly close to pos-
terior margin, CuP weak, concave, distinct from the
claval fold (* on Fig. 3) distally; area between 1A and
posterior margin with irregular, reticulated cross-veins,
and weak 1A veinlets; slightly infuscate, with pale areas
between MP + CuAl and CuA2, along the posterior
branch of MA, and along CuP, with narrow, irregular,
oblique, pale stripes in distal 2/3 of wing, and with irregu-
larly scattered, small, pale spots; veins pale. Hind wings:
preserved length 40.5 mm (left hind wing), estimated
length about 49 mm (right hind wing); area between ante-
rior wing margin and ScP narrow, distal part not pre-
served; RP diverging from R 18.6 mm distal to wing
base; RP short (1.0 mm) before it fuses with MA1; RP +
MAT1 7.1 mm long; MA1 (diverging from RP + MA1) 3.4
mm long before it fuses with MA2; MA1 + MA2 2.9 mm
long; MP + CuAl strong and convex, simple; CuA2 con-
cave, simple; vannus with several anal veins, simple and
straight, partly overlapping (indicating the occurrence of
intercalary folds); cross-veins rarely reticulated in medial
part of wing; very faint dark coloration, discernible in
distal and posterior parts of wing, tending to form narrow
transverse stripes apically. Abdomen: margins indistinct,
dark alimentary canal well traceable. Terminalia (dorsal
view) forming a prominent, broad structure; distinguish-

able structures composed of two, ovoid, symmetrical
structures (1 on Fig. 3B), of seemingly paired elements
partly hidden by more dorsal parts (2), of a presumed cer-
cus, unsegmented in the preserved part, and of a long and
narrow element covered with 5 rows of thorns (3 on Fig.
3B; rows indicated by arrows on Fig. 3C).

Type material. Holotype specimen CNU-PHA-NN2009001,
composed of positive and negative imprints (referred to as P,
and C, respectively), presumably a female (see below); paratype
specimen CNU-PHA-NN2009003 composed of a positive im-
print, interpreted as a female.

Etymology. The species name is in honor of Prof. Alexandr
Rasnitsyn (Paleontological Institute, Russian Academy of Sci-
ences, Moscow).

Additional material. Specimen CNU-PHA-NN2009002,
composed of positive and negative imprints (referred to as P,
and C, respectively), interpreted as a male.

Type locality. Daohugou Village, Jiulongshan Formation,
Ningcheng County, Inner Mongolia, China

Type strata. Bathonian — Callovian boundary, Middle Juras-
sic.

Discussion. The specimen CNU-PHA-NN2009003
(Fig. 2) differs from the holotype of Adjacivena rasnit-
syni gen. n., sp. n. (Fig. 1) mainly in having a simple
MALI1 in the right forewing. However, MA1 in the left
forewing is forked, suggesting that this trait is variable in
this species.

The specimen CNU-PHA-NN2009002 (Fig. 3) is inter-
preted as male. Although structures observed in the termi-
nalia are difficult to interpret, the long and narrow
element indicated as “3” in Fig. 3B and reproduced in
Fig. 3C is provided with thorns arranged in 5 oblique
rows. This thorn pad recalls that occurring on extensions
of the 10™ tergum in many male stick-insects (Bradler,
2009). The differences in the extended elements in extant
forms, which are used to hold female genital during copu-
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Fig. 3. Adjacivena rasnitsyni gen. n., sp. n., specimen CNU-PHA-NN2009002 (presumablyd). A — habitus, drawing (* indicate

claval folds) and photograph (positive imprint, dry); B — genital structures, photograph (positive imprint, dry; as located on A); C —
detail of genital structures, photograph (positive imprint, under ethanol; “3” on B, and as located on A; arrows and numbers indicate

rows of thorns).
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Fig. 4. Heteropteryx dilatata (Parkinson, 1798), photographs of forewings (3) (wings viewed using transmitted light; arrows indi-
cate endings of the most anterior branches of RP; circles indicate the first forks of RP). A — specimen IWC OB 199, right and left
forewings, dorsal and ventral view, respectively; B — specimen IWC OB 198 right and left forewings, dorsal and ventral view,
respectively.

lation (sometimes in conjunction with other elements),
and the fact that various “holding” structures such as the
vomer have undergone homoplasic evolution (Bradler,
2009), suggest that it is reasonable to assume (1) an
homology with the extensions of the 10™ tergum in stick-
insects (regardless of their shape) because of the presence
of a thorn pad, but that (2) the homology of the shape
(viz. narrow and elongate) of the 10™ tergum extensions
with that in some extant stick-insects (Bradler, 2009: Fig.
29) is dubious. This interpretation implies that specimen
CNU-PHA-NN2009002 is a male stick-insect.

This specimen differs from the other specimens descri-
bed herein as follows: (1) anterior branch of RP reaching
RA, (2) location of the first fork of RP closer to the origin
of RP, (3) absence of distinct pale stripes on forewings,
and (4) in having a slender silhouette. Regarding (1), our
observations on the venation of the forewing of H. dila-
tata indicate that such variation occurs at an intra-
individual level in this related species (Fig. 4). The same
applies to (2) (Fig. 4B). Provided that (a) sexual dimor-
phism is common, and sometimes very pronounced, in all
extant stick-insects (Beier, 1968; Brock & Hasenpusch,
2009; Key, 1991; among others), that (b) based on geni-
talia we interpret the specimen CNU-PHA-NN2009003
as a female and (c) the specimen CNU-PHA-NN2009002
as a male, then it is not unlikely that the specimen CNU-
PHA-NN2009002 is a male of the same species as the
specimen CNU-PHA-NN2009003, and that the difference
in forewing coloration (3) is a result of a sexual dimor-
phism in this species. In addition the specimen is more
slender than others (4), a trait common in male stick-
insects. Therefore we propose to avoid the erection of a
possibly dubious species (for the specimen CNU-PHA-
NN2009002) and provisionally assign it to Adjacivena
rasnitsyni gen. n., sp. n. We assume that the holotype
CNU-PHA-2009001 (Fig. 1) is a female, as its wing col-
oration is  similar to that of  specimen
CNU-PHA-2009003. The discovery of a female specimen
more closely similar to the specimen CNU-PHA-
NN2009002, and/or of a male more closely similar to the
specimen CNU-PHA-NN2009003, would invalidate our
provisional hypothesis.

Forewings of the specimen CNU-PHA-NN2009002
strongly differ in size (Fig. 3). This difference is not

unusual (see Fig. 4B) and might be explained by a devel-
opmental “glitch” and/or as the effect of a parasite.

Little is known about Adjacivenia reticulata (Kuzmina,
1985) comb. n. (Kuzmina, 1985: Fig. 1d & PL. V, Fig. 7).
However, the pattern of coloration on the forewing
strongly differs from that of specimens assigned to Adja-
civena gen. n., sp. n.

DISCUSSION

Although interpretation of the genital structures is diffi-
cult because compression has resulted in the super-
imposition of various elements, the orientation of the
specimen and the uneven plane of splitting through the
corresponding structures of the material we describe indi-
cate that in the females of Adjacivena rasnitsyni gen. n.,
sp. n. the ovipositor is concealed by an operculum, and in
the males there is an extension on the 10™ tergum with a
thorn pad. These structures are diagnostic of stick-insects.
If this interpretation is correct, this material supports the
view that the Susumanioidea are genuine stem-Phasma-
todea (Gorochov, 2000).

Another interesting aspect of the material described
herein regards intra-specific variability in wing venation.
This aspect has received little consideration, with delete-
rious consequences for the taxonomy of Palaeozoic and
Mesozoic fossil insects (Béthoux, 2009). The use of
material of recent species to delimit the fossil ones more
accurately is rare (Béthoux et al., 2010; Schneider, 1977)
despite its broad potential (Béthoux, 2008). In our case a
selected sample of individuals of a single fossil species
demonstrated that differences that could have been per-
ceived as a species-relevant were most likely not.

Because of their completeness, the fossil specimens
described herein allow further investigation of the vari-
ability of characters that are absent in recent related taxa.
In the specimen CNU-PHA-NN2009001 (Fig. 1) RP has
a total of 4 and 3 distal branches, in the right and left
forewings, respectively. The location of the fork of MA1
also varies. In the specimen CNU-PHA-NN2009003 (Fig.
2), MAL1 is simple in the right and distally forked in the
left forewing. This material and additional data on recent
material might prompt a species level revision of the
Susumaniidae.
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The new material is particularly helpful in resolving the
primary homology of the hind wings of Susumaniidae.
Based on three exceptionally well-preserved fossil speci-
mens, Ren (1997) suggests that the forked “RP-looking-
like” vein is actually a composite stem, composed of a
simple RP and a simple MA1 (“MA” using Ren’s inter-
pretation). This assumption is supported by the occur-
rence of a fusion of a “median” element with RP near the
origin of the latter (Ren, 1997: Figs 2, 3). Despite this
evidence, Gorochov (2000) interpreted the corresponding
vein as a forked RP. The newly described material con-
firms that in Susumaniidae a part of the median vein fuses
with RP over some distance. The comparatively short dis-
tance over which RP and MA1 are fused in Adjacivena
rasnitsyni gen. n., sp. n. could be a plesiomorphic state
and the greater distance over which they are fused in
other Susumaniidae, a more advanced state. If the Susu-
maniidae are stem-stick-insects, the possibility that “RP”
is actually composed of RP and “median” element(s) will
have to be taken into consideration in future comparative
analyses of the hind wing venation of stick-insect (O.B.,

in prep.).
CONCLUSION

The new specimens confirm the interpretation that, in
fossil putative stem-Phasmatodea, a composite stem
involving RP and a part of the median system occurs in
hind wings (Ren, 1997). The review of the data in the lit-
erature undertaken for the systematic treatment revealed
that the current framework is unsatisfactory. A number of
species have been erected based on very fragmentary
remains and might better be considered as dubious. In
addition several genera have been erected based only on
forewings and others only on hind wings. The material
described by Ren (1997) and herein indicate that such
“groupings” might be taxonomically invalid because
these distinct organs could be present in the same taxon.
Should a systematic revision be undertaken, fossil speci-
mens with both fore- and hind wings, such as those
described herein, will be very useful.
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