Cretaceous Research 63 (2016) 170—176

journal homepage: www.elsevier.com/locate/CretRes

Contents lists available at ScienceDirect

Cretaceous Research

An interesting new species of Sisyridae (Neuroptera) from the Upper

Cretaceous Taimyr amber

Vladimir N. Makarkin ¢, Evgeny E. Perkovsky ™~

® CrossMark

2 Institute of Biology and Soil Sciences, Far East Branch of the Russian Academy of Sciences, Vladivostok, 960022, Russia
b Schmalhausen Institute of Zoology, National Academy of Sciences of Ukraine, ul. Bogdana Khmel'nitskogo 15, Kiev, 01601, Ukraine

ARTICLE INFO ABSTRACT

Article history:

Received 4 January 2016

Received in revised form

3 March 2016

Accepted in revised form 21 March 2016
Available online 1 April 2016

Prosisyrina sphinga sp. nov. (Neuroptera: Sisyridae) is described from Upper Cretaceous (Santonian)
Taimyr amber of northern Siberia (Yantardakh locality). The new species is preliminary assigned to this
Cretaceous genus, mainly based on character states of the maxillary palpus and the hind wing vein M and
crossvein 1r-m, and the presumable absence of tibial false spurs. However, the structure of the costal
space and the RP branching in the hind wing indicate that it may belong to a new, closely related genus.

The discovery of this second species from the locality might suggest that sisyrids were usual members of
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the Santonian riparian biocenoses of northern Siberia.
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1. Introduction

The small neuropteran family Sisyridae (spongilla-flies) includes
little more than 70 extant species in four genera distributed world-
wide (Oswald, 2015). Their specialized aquatic larvae feed on
freshwater sponges and bryozoans (Parfin and Gurney, 1956;
Weissmair, 1994, 2005). The family is of great phylogenetic
importance, as the venation of some of its members is most similar
to that of the Permian Permithonidae.

The fossil record of the family is very poor, known mainly from
the Cenozoic with four described species from four European lo-
calities, i.e., the earliest Eocene Oise amber, the late Eocene Baltic
amber, the latest Eocene Bembridge Marls, and the Miocene locality
at Murat in France (Cockerell, 1917; Nel and Jarzembowski, 1997;
Nel et al., 2003; Wichard et al., 2009). The occurrence of Sisyridae
in the Cretaceous was only recently confirmed when two speci-
mens were described from Santonian Taimyr amber of northern
Siberia, i.e., Prosisyrina sukachevae Perkovsky and Makarkin, 2015
from the Yantardakh locality, and Prosisyrina sp. from the Ugolyak
locality (Perkovsky and Makarkin, 2015). The earlier reports of
Sisyridae from the Mesozoic are not confirmed yet as members of
this family, i.e., a larva from the Upper Cretaceous of the Taimyr
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amber (Zherikhin, 1978) and an adult from the Lower Cretaceous
Crato Formation of Brazil (Martins-Neto, 1992, 1997).

In this paper, we describe a remarkable male of a new sisyrid
species from the Santonian Taimyr Yantardakh locality, which we
preliminarily assign to Prosisyrina Perkovsky & Makarkin, 2015.

2. Material and methods

This study is based on a single sisyrid specimen embedded in a
piece of Upper Cretaceous Taimyr amber from the Yandardakh lo-
cality. Its location, stratigraphy and age were considered by
Perkovsky and Makarkin (2015) and Rasnitsyn et al. (2016). The
amber piece is small, about 6.5 mm long and 2.8 mm in diameter
before cutting. The specimen is housed in the Paleontological
Institute of the Russian Academy of Sciences (PIN).

Photographs were taken by A.P. Rasnitsyn using a Leica M165
stereomicroscope and an attached Leica DFC 425 digital camera, by
V.Yu. Nazarenko using a Leica M165 stereomicroscope, and by V.M.
Loktionov using a SteREO Discovery.V12 stereomicroscope. Line
drawings were prepared by the first author using Adobe Photoshop
CS3.

The venational terminology in general follows Kukalova-Peck
and Lawrence (2004) in the interpretation of Yang et al. (2012
and 2014). Terminology of wing spaces and details of venation
(e.g., veinlets) follows Oswald (1993). Terminology of genitalia
follows Aspock and Aspock (2008).
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All taxonomic acts established in the present work have been
registered in ZooBank LSID (see below), together with the elec-
tronic  publication  urn:lsid:zoobank.org:pub:0E478011-3802-
4A5F-8578-0AA59FD461A3.

Abbreviations: CuA, anterior cubitus; CuP, posterior cubitus; MA
and MP, anterior and posterior branches of media; RA, anterior
radius; RP, posterior sector; RP1, proximal-most branch of RP; ScP,
subcosta posterior. Crossveins are designated by the longitudinal
veins to which they connect, and are numbered in sequence from

the wing base, e.g., 2scp-1, second (distal-most) crossvein con-
necting ScP and RA; 1r-m, basal crossvein between R/RP and M.

3. Systematic palaeontology

Order: Neuroptera Linnaeus, 1758
Family: Sisyridae Banks, 1905

Genus Prosisyrina Perkovsky & Makarkin, 2015

Fig. 1. Prosisyrina sphinga sp. nov., holotype PIN 3311/2525, specimen as preserved. A, dorsal view. B, lateral view. Scale bars represent 0.5 mm.
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Prosisyrina sphinga sp. nov.
(urn:lsid:zoobank.org:act:3DC578D5-76D9-4839-8AA1-
70A212A5D132)

Figs. 1-5

Derivation of name. From the Latin noun sphinga, sphinx (in the
Greek mythology, a monster with a lion's body and a woman's head
who asks riddles), referring to difficulties in generic placement of
the species.

Material. Holotype PIN 3311/2525, collected in 2012 during a PIN
expedition. A slightly incomplete and poorly preserved specimen
in amber: dorsal parts of the head, thorax, and forewings lay upon
the amber surface, and are partly destroyed, or their details are
very poorly discernible; antennae, hind wings are incompletely
preserved or partly poorly visible; all legs are complete. Synin-
clusion: Diptera, Nematocera (destroyed).

Locality and horizon. Russia: Krasnoyarskiy Krai: Taimyrsky
(Dolgano-Nenetsky) District: Taimyr Peninsula: right bank of the
Maimecha River in 3 km upstream from its confluence with the
Kheta River (a left tributary of the Khatanga River), Yantardakh Hill
(Yantardakh locality) [71.307222°N, 99.562778°E] (see Perkovsky
and Makarkin, 2015, fig. 1). Upper Cretaceous, Santonian (Kheta
Formation).

Diagnosis. May be easily distinguished from Prosisyrina sukachevae
by the following hind wing character states: (1) two branches of RP
originating proximad 2ra-rp, one branch far distad 2ra-rp [all three
branches originate proximad 2ra-rp in P. sukachevae]; and (2)
crossvein 1r-m entering RP in proximal half of length from origin of
RP to origin of RP1 [in distal half in P. sukachevae].

Description. Male. Head capsule poorly preserved; only large eyes
well discernible. Antennae incomplete, poorly preserved; scapus
large, nearly twice as long as wide (Fig. 3); pedicellus remarkably
larger than proximal flagellomeres, elongated, slightly dilated to-
wards apex; preserved flagellomeres longer than wide. Distal four
segments of maxillary palps preserved: second segment appears
short; third to fifth segments elongate, nearly equal in length;
terminal (fifth) segment probably fusiform, widest medially
(incompletely visible). Labial palps not detected.

All legs rather slender, covered with fine rather short setae.
Tibial apical false spurs on all legs not detected (i.e., absent or
extremely short). Relative length of metatarsal tarsomeres:
3.7-1.5-1.3-1-15.

Distal abdominal segments rather well preserved (Fig. 4B,C).
Tergite 8 of normal generalized shape, rather broad. Tergite 9 nar-
row laterally, dilated dorsally; not fused with ectoproct, but these

Fig. 2. Prosisyrina sphinga sp. nov., holotype PIN 3311/2525. A, left forewing. B, left hind wing. Scale bars represent 0.5 mm.
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closely approach laterally. Tergite 10 (ectoproct) probably narrow
dorsally, more or less rounded laterally; callus cerci not discernible.
Paired gonocoxites 9 small, rounded, with several long fine setae;
placed laterally, i.e., spaced far from each other. Sternite 8 relatively
broad, rounded ventrally. Sternite 9 very large, strongly extending;
broad basally, narrowed apically with two terminal strong setae.

Forewing ca. 3.3 mm long, 1.3 mm wide. Costal space relatively
narrow; widest approximately at proximal 1/5 of wing length.
Preserved subcostal veinlets simple, becoming more widely spaced
towards distal part of wing. Subcostal space broad. RA space slightly
narrower than subcostal space, with two detected crossveins (3ra-
rp, 4ra-rp). RP with three long branches, all originating proximad
3ra-rp. RP1 originated near origin RP, forked distally (incompletely
preserved); preserved RP2, RP3 simple. Fork of M not discernible;
MA nearly straight before distal forking. Other venation indistinctly
discernible.

Hind wing ca. 2.2 mm long as preserved (estimated complete
length ca. 2.5 mm), 1.2 mm wide. Costal space in general narrow,
slightly narrowed medially. Subcostal veinlets simple, strongly
oblique, rather widely spaced. ScP entering margin well before
wing apex, rather strongly curved proximad 2scp-r. RA nearly
straight, entering margin before wing apex, with four simple
distal veinlets in right wing, and two veinlets (one forked) in left
wing. Subcostal space broad, appearing dilated distad; crossveins
not detected except distal. RA space broad, especially proximad
2ra-rp. RP with two branches before 2ra-rp, one far after. Stem of
RP once forked distally. RP1 twice dichotomously forked. RP2
once forked distally. RP3 simple (right wing), one once forked
distally (left wing). Crossvein 1r-m clearly visible for almost
entire length under lighting at some angle; long, entering RP at
proximal half of length from origin of RP to origin of RP1. M
dividing into MA, MP basally compared with other sisyrids,
opposite distal end of 1r-m in proximal half of length from origin
of RP to origin of RP1. MA with two distal pectinate branches. MP
pectinate, with three distal branches. CuA pectinate, with four
preserved simple branches. Outer gradate series complete, con-
sisting of six crossveins from RA to CuA. Of inner gradate series,
only 2ra-rp detected. Trichosors prominent along entire pre-
served margins, except for proximal part of costal margin where
these indistinct.

4. Discussion

The discovery of the new species of Sisyridae from the Upper
Cretaceous Taimyr Peninsula locality at Yantardakh is noteworthy.
From this locality, the other adult specimen (i.e., the holotype of
Prosisyrina sukachevae) and a presumed sisyrid larva are also
known (Zherikhin, 1978; Perkovsky and Makarkin, 2015). This is
currently the only fossil locality from which more than one species
of sisyrid has been described. A third adult sisyrid specimen (Pro-
sisyrina sp.) was found at the nearby Taimyr Peninsula locality of
Ugolyak (Perkovsky and Makarkin, 2015). This might suggest that
sisyrids were usual members of the Santonian riparian biocenoses
of northern Siberia, living adjacent to the river bank as suggested by
Zherikhin and Sinitshenkova (2002).

The holotype of Prosisyrina sphinga sp. n. is incompletely pre-
served, especially its head, thorax and forewings. Nonetheless, the
male genitalia of the new species are rather well discernible, and
allow comparison among genera. This is the second known record
of a male fossil sisyrid; the first was the early Eocene Paleosisyra
eocenica Nel et al., 2003. Unfortunately, the holotype of Prosisyrina
sukachevae lacks its abdomen, and some of its hind wing character
states quite strongly differ from those of Prosisyrina sphinga sp. n.
As a result, it is rather unclear if the new species belongs to Prosi-
syrina or to a new genus. However, we argue below that it is more

appropriate to preliminarily assign the new species to Prosisyrina
than to create a new genus to accommodate it, as significant
characters of the new species are in general similar to those of
Prosisyrina.

The maxillary palpus of the new species appears very similar to
that of Prosisyrina sukachevae, although it is poorly visible (Fig. 3).
Its distal segment is relatively slender, probably fusiform. However,
this condition is plesiomorphic in the family (see other details in
Perkovsky and Makarkin, 2015). Other preserved characters of the
head, antennae, thorax, and legs are not particularly diagnostic of
genera. However, Prosisyrina sphinga sp. n. is similar to
P. sukachevae by the presumable absence of tibial false spurs (at
least these have not been detected).

The ninth tergite in the new species is generalized at the order
level. This condition is apomorphically derived in other genera. In
Climacia McLachlan, 1869, it is mediodorsally divided into two
elongated lateral halves (Parfin and Gurney, 1956). In Sisyra
Burmeister, 1839, it is more strongly derived, represented by a pair
of small lateral sclerites (e.g., Tjeder, 1957, fig. 149). In Sisyborina
Monserrat, 1981, these lateral sclerites are fully fused with the
ectoprocts (Tjeder, 1976, figs. 3, 4). The structure of this tergite in
Sisyrina Banks, 1939 and Paleosisyra Nel et al., 2003 is not clear.

The tenth tergite is entire in the new species, and probably in all
Sisyridae except Climacia, in which it is divided mediodorsally into
two lateral plates (ectoprocts) (Parfin and Gurney, 1956). In general,
the structure of 10th tergite in Prosisyrina sphinga sp. n. is similar to
that of Sisyra and Sisyborina, and it is, therefore, not useful in
generic determination.

The structure of the ninth sternite of Prosisyrina sphinga sp. n. is
most similar to that of the extant Afrotropical genus Sisyborina,
especially S. scitula Flint, 2012 (Flint, 2012, figs. 5, 7). In these spe-
cies, the ninth sternite is very prominent, of similar shape, and with
two bunches of strong terminal setae (one bunch contains five

Fig. 3. Prosisyrina sphinga sp. nov., holotype PIN 3311/2525, proximal portion of left
antenna and maxillary palpus. Abbreviations: pe, pedicellus; mp, maxillary palpus; sc,
scapus. Scale bar represents 0.1 mm.
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Fig. 4. Prosisyrina sphinga sp. nov., holotype PIN 3311/2525. A, abdomen and right hind wing. B, latero-caudal view of apex of abdomen (line drawing). C, same (photograph).
Abbreviations: ect, ectoptroct; gx9, gonocoxites 9; pe, pedicellus; sc, scapus; S7 to S9, 7th to 9th sternites; T8, T9, 8th, 9th tergites. Scale bars represent 0.5 mm (A), 0.1 mm (B, C).

setae in S. scitula, and one in P. sphinga). Another species of this
genus — Sisyborina marlieri (Tjeder, 1976) — also bears this long and
prominent ninth sternite, but without caudal processes or strong
setae (Tjeder, 1976, figs. 3, 5). In other extant genera, this sternite is
relatively short, including in Sisyrina giong Yang & Gao, 2002 (Yang
and Gao, 2002, fig. 5¢), the only species of the genus where it is
described; at least, it is not prominent and without caudal pro-
cesses. In the early Eocene Paleosisyra eocenica, it is similarly “large
and appearing terminal ventrally, but with no posterior processes”
(Nel et al., 2003, p. 114). All the known specimens of Paleosisyra
electrobaltica Wichard in Wichard et al., 2009 from Baltic amber are
females.

Gonocoxites 9 (entoprocesses of Tjeder, 1957, 1976, claspers of
Parfin and Gurney, 1956, Smithers, 1973; coxopodites of Nel et al.,
2003, Flint, 2012; tenth sternum of Penny, 1981) in the new spe-
cies are extremely short for the family and appear weakly sclero-
tized. This paired structure in the extant Sisyra, Sisyrina, and

Sisyborina is heavily sclerotized, long to very long, prominent, and
often has dentate projections or setae (e.g., Smithers, 1973, figs. 1, 2;
Tjeder, 1976, fig. 3; Flint, 2012, figs. 1-6). In Paleosisyra eocenica,
gonocoxites 9 are also long, each “furnished with setae and denti-
cles in their inner side” (Nel et al., 2003, p. 114, fig. 8). In Climacia,
gonocoxites 9 are elongated but not prominent, with a series of
dentitions along caudal margin (Parfin and Gurney, 1956; Penny,
1981). Therefore, the structure of gonocoxites 9 in this new spe-
cies (and presumably the genus Prosisyrina) is unique within
Sisyridae.

The forewings of the new species are poorly preserved, but their
discernible venation is generally similar to that of all known genera
(except Climacia) in that in particular three branches of RP are long
and originate proximad 3ra-rp (Figs. 2A and 5A). In Climacia, one to
two branches of RP are originated proximad 3ra-rp (see Parfin and
Gurney, 1956, pl. 2, figs. 1-9, pl. 3, figs. 1, 2; Penny, 1981, figs. 2—4;
Monserrat, 2005, fig. 1). Therefore, based solely on forewing
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Fig. 5. Prosisyrina sphinga sp. nov., wing venation of the holotype PIN 3311/2525. A,
left forewing. B, left hind wing (both converted to standard view, with apex to the
right). C, right hind wing. Scale bar represents 0.5 mm (all to scale).

characters, the new species could be attributed to any known genus
except Climacia.

The hind wings are better preserved, and provide more char-
acters for generic determination. Of these, the branching of RP is
most interesting, i.e., two long branches originating before 2ra-rp,
and another, relatively short one after. This configuration is found
only in one other species, Climacia chileana Parfin & Gurney, 1956
(Parfin and Gurney, 1956, pl. 3, fig. 2), although one RP branch
originating before 2ra-rp is characteristic of most other species of
Climacia. In other genera, there are three long branches of RP all
originating proximad 2ra-rp. The only known exception is Sisyrina
giong Yang & Gao, 2002, in which RP3 is rather long, but its origin is
located somewhat distad 2ra-rp (pers. obs.). It is quite obvious that
a similar branching of RP in Prosisyrina sphinga and Climacia chil-
eana evolved convergently, as these species are strongly different in
other characters.

The new species is also characterized by its basal forking of M,
i.e., opposite the proximal half of the length from the origin of RP to
the origin of RP1, and probably proximad the proximal branch of
CuA (this can be inferred from preserved venation, although this
portion of the wing is not visible). A similar basal forking is found
only in the Eocene genera Paleosisyra. In this genus, M is forked
clearly proximad the proximal branch of CuA, and approximately
opposite the mid-point of the length from the origin of RP to the
origin of RP1 (see Nel et al., 2003, fig. 5; Scheven, 2004, right upper
fig. on p. 73; Wichard et al., 2009, fig. 07.05b). In other genera (i.e.,
Sisyra, Sisyrina, and Sisyborina) M is forked in the distal half of the
length from the origin of RP to the origin of RP1, and at most
opposite the proximal branch of CuA (in most species, distad the
proximal branch of CuA), and very distally in Climacia. The fork of M
in Prosisyrina sukachevae is not preserved, but its preserved

venation indicates that this fork may be also basal, at the same level
that in the new species.

The basal crossvein 1r-m in Prosisyrina sphinga sp. n. is relatively
long, only slightly shorter than that of P. sukachevae. It is clearly
discernible for its entire visible length, whereas in P. sukachevae this
crossvein is very poorly visible for most of its length. Crossvein 1r-
m is markedly shorter in all extant sisyrids, and longer in Paleo-
sisyra. Therefore, a Prosisyrina generic affinity of the new species is
most probable, based on this character.

The hind wing costal space of the new species is similar to that
of many extant species in that it is slightly narrowed medially (very
narrow medially in others) unlike P. sukachevae, in which this space
is not narrowed medially.

The subcostal veinlets of Prosisyrina sphinga sp. n. are spaced
more obliquely and more widely than those of P. sukachevae. Those
veinlets appear to be also widely spaced (but not so obliquely) in
most extant species. In this respect, the configuration of its sub-
costal veinlets is more similar to that of most species of all extant
genera than it is to species of the two fossil genera, especially
Prosisyrina sukachevae and Paleosisyra eocenica.

In summary, it is clear that the species herein described
certainly does not belong to Sisyra and Climacia, based on the
characters of its genitalia and wing venation, and it cannot be
assigned to Paleosisyra, Sisyrina, or Sisyborina based on male geni-
talia. Therefore, the new species may theoretically belong to Pro-
sisyrina, or to a new genus. We prefer to assign it to Prosisyrina as its
characters are in general similar to those of that genus (namely, the
structure of the maxillary palpus, the hind wing M and 1r-m, and
the presumable absence of tibial false spurs). However, there is still
a probability that this species belongs to a new, closely related
genus. This is implied in particular from the structure of the costal
space and the manner of RP branching in the hind wing. Unfortu-
nately, both Prosisyrina sukachevae and P. sphinga sp. n. can be
compared only by their hind wing, hind leg, and makxillary palpus
character states. Other characters are missing in the fossil of
P. sukachevae, or not detected in that of P. sphinga sp. n. Therefore,
we refrain from establishing a new genus for this new species until
more complete specimens of both or either of these species are
found.

5. Conclusion

The discovery of this new sisyrid species from the Upper
Cretaceous Taimyr amber is important, whether it belongs to Pro-
sisyrina or to a new, closely related genus. It provides the possibility
for the first time to study the male genitalia of Cretaceous sisyrids
in more or less detail. Also, the finding of three specimens
belonging to two species in Taimyr amber might suggest that sis-
yrids were common and diverse, at least in the Santonian riparian
biocenoses of northern Siberia. Based on this, we may reasonably
presume that new taxa of the Mesozoic Sisyridae will most likely be
found in future.
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