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Abstract—New insects, Jarmilacladus variabilis gen. et sp. nov. (Insecta: Hypoperlida: Anthracoptilidae =
Permarrhaphidae) and Belmophenopterum pectinatum gen. et sp. nov. (Insecta: Grylloblattida: Sylvaphlebi-
idae) are described from the Upper Permian (Tatarian) of Belmont, New South Wales, Australia. Strephocla-
didae and Strephoneuridae are synonymized under Anthracoptilidae, Homocladus Carpenter, 1966 is synony-
mized under Spargoptilon Kukalova, 1965 (= Spargopteron Carpenter, 1992, lapsus calami). An identification

key for genera of Anthracoptilidae is compiled.
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INTRODUCTION

Upper Tatarian deposits of the Upper Permian local-
ity of Belmont (Newcastle Coal Measures at Belmont
and Warner’s Bay, New South Wales) are the most
ancient within the territory of Australia. According to
Riek (1970), the fauna of this locality includes insects,
phyllopods, and fish scales, and plants are represented
by the genus Glossopteris. The insect fauna of this
locality differs from that in coeval localities in the
Northern Hemisphere in being unbalanced. Among
Scarabaeiformes, dominating Mecoptera and rare Glos-
selytrodea, Neuroptera, Coleoptera, and Trichoptera
have been discovered, while, among Cimiciformes,
numerous Homoptera and several Psocida have been
found. In addition to these orders, Scarabaeones are
represented by a single undescribed dragonfly (Odo-
nata). The entire infraclass Gryllones is represented by
one species of Plecoptera.

Four specimens of undescribed insects from Bel-
mont are stored in the collection of the Natural History
Museum, London (NHM). According to their labels,
three were identified by J. Kukalova-Peck (Carleton
University, Ottawa, Canada) as belonging to the family
Strephocladidae (currently Anthracoptilidae, order
Hypoperlida), and the fourth turned out to be a member
of the order Grylloblattida. Neither order has been pre-
viously recorded in Australia. Moreover, these are the
latest records for the order Hypoperlida and the family
Sylvaphlebiidae.

During Rasnitsyn’s visit to the NHM, the above-
mentioned specimens, which were generously provided
by A.J. Ross, were sketched, and these drawings became
the basis of the present work. The final drawings were
prepared by Aristov, while the specimens were photo-
graphed in the NHM at Ross’ initiative.

SYSTEMATIC PALEONTOLOGY
Order Hypoperlida
Suborder Strephocladina
Family Anthracoptilidae Handlirsch, 1922

Anthracoptilidae: Handlirsch, 1922, p. 98.

Strephocladidae: Martynov, 1938, p. 100 (= Anthracoptilidae:
Rasnitsyn, 2002, p. 112).

Permarrhaphidae: Martynov, 1931, p. 190 (syn. nov.).

Strephoneuridae: Martynov, 1940, p. 14 (= Permarrhaphidae:
Rasnitsyn, 2002, p. 112).

Diagnosis. This family differs from other mem-
bers of suborder Strephocladina (for details, see Ras-
nitsyn, 2002) in the presence of oblique and forking
anterior branches of SC that form neither several rows
of cells, as in very large Hypermegethidae, nor series of
simple, oblique or nearly vertical anterior branches, as
in other families (Synomaloptilidae, Tococladidae,
Heteroptilidae, and Nugonioneuridae). The body struc-
ture is insufficiently well known to use it in diagnosis of
the family.

Composition. Genera Anthracoptilus Laméere,
1917 and Mesoptilus Laméere, 1919 from the Upper
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Fig. 1. Details of Jarmilacladus variabilis sp. nov.: (a) holotype NHM, In. 45933; (b) paratype NHM, In. 45620; and (c) paratype
NHM, In. 45627. Scale bars 5 mm in Figs. 1 and 3.

Carboniferous (Stephanian B-C) of Commentry, tilon Kukalovd, 1965 (= Spargopteron Carpenter, 1992,
France; Strephocladus Scudder, 1885 from the Upper lapsus calami; = Homocladus Carpenter, 1966, syn.
Carboniferous (Stephanian A) of Germany; Spargop- nov. from the Lower Permian of Elmo, the United
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States) from the Lower Permian (Lower Artinskian) of
Obora, Czech Republic; Paracladus Carpenter, 1966,
and Opistocladus Carpenter, 1966 from the Lower Per-
mian (Upper Artinskian) of Elmo; Strephoneura Mar-
tynov, 1940, Rhinomaloptila Rasnitsyn, 1977, and
Mpycteroptila Rasnitsyn, 1977 from the Lower Permian
(Kungurian) of Tshekarda, the Urals; Permarrhaphus
Martynov, 1931 from the Upper Permian (Lower Kaza-
nian) of Tikhie Gory, Tatarstan; and a new genus from
the Upper Permian (Tatarian) of Belmont, Australia,
which is chronologically the last representative of the
whole order Hypoperlida.

Remark. The taxonomy of Anthracoptilidae is
confused and needs revision to justify the description of
a new genus. Preliminary results of such a revision are
presented in the key below. The genera Permarrhaphus
and Mycteroptila are not included in the key, since their
venation is insufficiently well known. Permarrhaphus
is similar to Strephoneura in the anal field and is most
likely a closely related (if not identical) genus.
Moycteroptila may be even a synonym of Spargoptilon
in so far as can be judged from the type species. On the
contrary, the species M. armipotens Novokshonov is
more similar to representatives of Strephoneura
(Novokshonov, 1998) and may represent another spe-
cies of the same genus. The main diagnostic feature of
Mpycteroptila—wings folded flatly over the abdomen—
is not obvious in the single known specimen, in which
the hind margins of the wings are not overlapped. In
any case, to accept or reject the proposed synonymy,
one needs better material.

The synonymy of Homocladus and Spargoptilon is
supported by the striking similarity between their type
species; however, in the former species, the wing is nar-
row, and, in the latter, the wing is wide, which may be
easily accounted for by the deformation of host rocks
that is characteristic of Obora.

Identification key to genera of the family Anthracoptilidae

1. SC terminating at C.......oovvvieininiiiiiiiiiiiiiieeeeeeaes 2
SCterminating at R.........ooooiiiiii 4

2. Anterior branches of SC relatively short, sometimes forming
double row of cells. CuA with at least four branches, its branching
pattern variable. M three-branched, with one or two free branches,
which may be connected to RS and CuA in different ways. Anal
veins rarely or not anastomizing in middle part of anal field. There
are no anal veins intercepting CuP near posterior margin of wing...
...................................................... Jarmilacladus gen. nov.

Anterior branches of SC long and oblique........................... 3
3. Venation highly polymerized......... Rhinomaloptila Rasnitsyn

Venation less polymerized. CuA pectinate frontward...............
...................................................... Spargoptilon Kukalova

4. SC with long basal branch that intercepts several subsequent
simple and relatively short anterior branches. CuA is pectinate rear-

WA, .o Opistocladus Carpenter
SC without intercepting basal branch. CuA is pectinate front-
Ward Or NOE PECHNALE. . ... . uetent et ettt et e e 5

5. RS starting near or soon beyond wing midlength. M with four
or more branches. CuA irregularly branches........................... 6
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RS starting before wing midlength. M with three or fewer free
branches. CuA (CuA| in Strephoneura) is pectinate forwardly...... 7
6. Typical (long and oblique) M5 linking M and CuA. Branches
of CuA bifurcating beyond their midlength, secondary branches not
strictly parallel............cocoeveiiiiinn.. Anthracoptilus Laméere
Anterior branches of CuA straightly linking to M, branches of
CuA bifurcating subbasally, secondary veins strictly parallel. Anal
veins abundantly anastomizing in middle of anal field...............
...................................................... Paracladus Carpenter
7. CuA | intercepting cubital comb (separate CuA, present). A,
curved subapically along posterior margin of wing and intercepting

A,CuPand CuAq........cooooiiiin. Strephoneura Martynov
Separate CuA| absent. Anal veins not intercepting CuA and
CuP.. 8

8. Separate base of RS absent (it starting with M). CuA curved
in such way that areas between its forks short and subvertical. Anal
veins abundantly anastomizing in middle of anal field...............
......................................................... Mesoptilus Laméere

RS starting independently of M. CuA forks not condensed into
short subvertical ladder........................... Strephocladus Scudder

Genus Jarmilacladus Rasnitsyn et Aristov, gen. nov.

Etymology. Inhonor of Jarmila Kukalovéi-Peck,
who identified the taxonomic assignment of the
described material and the genus Strephocladus. Mas-
culine gender.

Type species.J. variabilis sp. nov.

Diagnosis. Costal field moderately narrow. SC
terminating on C. Anterior branches of SC relatively
short, frequently branching and connecting with cross-
veins, occasionally forming double row of cells; very
long basal branch absent. RS having its base near wing
midlength, posteriorly pectinate. M three-branched, its
anterior branch fused with RS at short distance or free,
its posterior branch free or fused with CuA ;. CuA four-
branched, posterior branch always free (weakly sepa-
rated as CuA,), divergence between other branches
variable, but not forming short subvertical ladder. Cla-
vus large, with numerous subparallel veins that are not
anastomizing in mass in the middle part of anal field
and not intercepting CuA and CuP along posterior mar-
gin of wing. Crossveins numerous and mainly simple.

Species composition. Type species.

Jarmilacladus variabilis Rasnitsyn et Aristov, sp. nov.
Undescribed Anthracoptilidae: Rasnitsyn, 2002, p. 115.
Etymology. From Latin variabilis (variable).

Holotype. NHM, In. 45929 (45933), part and
counterpart of forewing without base and apex, clavus
preserved separately but not far from remigium; local-
ity of Belmont; Upper Permian.

Description (Figs. 1, 2). The wing venation is
very variable. Anteriorly, the costa is bordered by a nar-
row ribbon of membrane. The SC length constitutes
about two-thirds of the wing length, and the SC has 10-
15 anterior branches of various shapes. In the holotype,
RS has preserved four branches (out of, apparently,
four or five); there are characteristic oblique crossveins
between R and RS. The posterior branch of M is fused
Vol. 38
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Fig. 2. Jarmilacladus variabilis sp. nov., general appearance: (a) holotype NHM, In. 45933, x4; (b) paratype NHM, In. 45627, (x4);

and (c) paratype NHM, In. 45620, x4.

with CuA,,,,; for a short distance (in one of the
paratypes) or is free and forms either a typical (short
and oblique) M; connecting M and the CuA,,,,; stem
(in the holotype) or an ordinary crossvein between M
and CuA. CuA,,,,; is pectinate forward or backward,
with the CuA,, stem varying from very short to rela-
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tively long. CuA, is always simple and resembles a sep-
arate CuA, (as in the order Grylloblattida). The clavus
is approximately twice as long as it is wide and about
half as long as the wing. The clavus has 10-12 subpar-
allel anal veins, mostly infrequently branching or fus-
ing together near the apex, and several short and blind
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Fig. 3. Belmophenopterum pectinatum gen. et sp. nov.,
holotype NHM, In. 45837: (a) details of structure and (b)
general appearance, X6.

branches. The crossveins are arranged in different ways
and are simple except for the double rows of cells in the
costal field and between the Cu branches ahead of the
wing midlength. No distinct wing color patterns have
been discovered except for veins being variably dark-
ened in different specimens.

Measurements, mm. Holotype: length, 18;
width, 11. Paratype In. 45620: length, 19; width, 8.
Paratype In. 45627: length, 22; width, 9; full forewing
length, about 26-28.

Remarks. The differences in venation that are
observed in the specimens under description are most
likely due to interspecific or even intergeneric differ-
ences rather than to intraspecific variability. However,
the latter interpretation is more acceptable for two rea-
sons: First, there is no distinct correlation in the distri-
bution of different characters in the three specimens at
hand. Second, this variability is restricted mainly to the
pattern of the junction of branches, whereas the number
of main branches is much more stable. Until more
material is available, it is better to explain the high vari-
ability with reference to the fact that we are dealing
with the last representative of the order Hypoperlida
rather than with three new species and genera. Variabil-
ity is well known to increase in groups that are predes-
tined for extinction.
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Material. In addition to the holotype, paratypes
NHM, In. 45520 and In. 45627, incomplete wings from
the same locality.

Order Grylloblattida
Suborder Protoperlina
Family Sylvaphlebiidae Carpenter, 1950
Genus Belmophenopterum Rasnitsyn et Aristov, gen. nov.

Etymology. From locality and the generic name
Phenopterum. Neutral gender.

Type species. B. pectinatum sp. nov.

Diagnosis. Anterior and posterior wing margins
weakly convex; in basal half of wing, costal field wider
than subcostal field. SC reaching distal quarter of wing,
anterior branches of R forming double row of cells. RS
two-branched and starting in basal third of wing. MA
and MP simple at least up to the SC tip. CuA, weakly
curved and branching early to form posterior comb
of branches. Crossveins simple or forming double rows
of cells.

Species composition. Type species.

Comparison. Itis similar to Phenopterum Car-
penter, 1950 from the Lower Permian (Artinskian) of
Elmo (Kansas, United States) in having a wide costal
field and late branching of MA and MP but differs in the
convexity of the anterior wing margin and in the pres-
ence of a double row of cells in the distal half of the cos-
tal field. Additionally, the new genus differs from all
sylvaphlebiids in the early branching and weakly
curved CuA,.

Remarks. The family Sylvaphlebiidae first
appears in the paleontological record in the Artinskian
(or Sakmarian; see Shcherbakov, 2000) of the Lower
Permian (localities of Obora, Czech Republic, and
Elmo, United States). Up to the present, only a single
Upper Permian representative of this family, Paraphe-
nopterum unicolor Storozhenko, 1992 from the locality
of Soyana, Kazanian of Russia (Storozhenko, 1992),
has been known. Belmophenopterum gen. nov. is the
youngest representative of the sylvaphlebiids; thus,
only two Early Permian grylloblattid families,
Sylvaphlebiidae and Liomopteridae, are known to have
survived until the end of the Permian but not into the
Triassic.

Sylvaphlebiidae is another grylloblattid family
recorded from the Tatarian (the others being Liomop-
teridaes, Ideliidae, Megakhosaridae, Geinitziidae, Tun-
guskapteridae, Blattogryllidae, and Chaulioditidae).
The discovery of Belmophenopterum gen. nov.
increases the diversity of Tatarian grylloblattids, which
seems to be high as compared with the Upper Kazanian
fauna—where only Ideliidae, Megakhosaridae,
Chaulioditidae, and Liomopteridae have been found—
and that of the first half of the Triassic—where only
Geinitziidae and Chaulioditidae have been recorded.
During the Early Tatarian, both Sylvaphlebiidae and
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Geinitziidae disappear from oryctocenoses; this may be
attributed to a possible reduction in their abundance
(Aristov, 2004).

Belmophenopterum pectinatum Rasnitsyn et Aristov, sp. nov.
Etymology. From Latin pectinatum (pectinate).
Holotype. NHM, In. 45837, impression of

forewing without base and apex; locality of Belmont;
Upper Permian.

Description (Fig. 3). The anterior branches of
SC are simple and straight, M apparently has three ter-
minal branches. CuA, has six branches, CuA, is simple
and S-shaped.

Measurements, mm. Fragment length, 8.7; full
length, about 12.

Material. Holotype.
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