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Abstract

Two spongillaflies species are described and illustrated from Eocene Baltic amber: Paleosisyra minor n. sp. and Paleosi-
syra electrobaltica Wichard et al., 2009; the latter species was described based on a female and is now re-described in
consideration of the male genitalia of two new male specimens. Extant Sisyridae comprise few species, and their fossil
record is very scarce.
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Introduction

Neuroptera is a predominantly terrestrial insect order with about 6000 described species and 18 families. The
larvae of some Osmylidae go occasionally underwater and forage for submerged food. Only two neuropteran
families, Sisyridae and Neurorthidae, are amphibious and have aquatic larval and pupal stages. The family
Sisyridae contains about 70 living species and five extant genera: Sisyra Burmeister, 1839 (worldwide distributed),
Sisyrina Banks, 1939 (Asia, Australia), Sisyrella Banks, 1913 (Japan), Sisyborina Monserrat, 1981 (Africa) and
Climacia McLachlan, 1869 (America). Their life cycles have been described e.g. by Parfin & Gurney (1956),
Weissmair (1999, 2005) and Hélzel & Weissmar 2002. Extant sisyrid larvae live in fresh water colonies of sponges
or Bryozoa, on which the larvae feed.

At present, Paradoxosisyra groehni Makarkin, 2016 is the oldest fossil sisyrid specimen from the Cretaceous
(lowest Cenomanian) Burmese amber and assigned to the new subfamily Paradoxosisyrinae, which is characterized
by enormously long siphonate mouthparts and very long and slender hind legs (Makarkin 2016). Further
spongillaflies, Prosisyrina sukachevae Perkovsky & Makarkin, 2015 and Prosisyrina sphinga Perkovsky &
Makarkin, 2016, are found in Cretaceous (Santonian) Taymir amber. Fossil sisyrid larvae (Wichard et al. 2009) and
further two species of the extinct genus Paleosisyra are known from the Eocene: P. eocenica Nel et al., 2003 of the
French Oise amber and P. electrobaltica Wichard et al., 2009 from the Baltic amber. Paleosisyra eocenica is now
re-described based on new male specimens and a third species Paleosisyra minor n. sp. was recently found in
Baltic amber and is described in this paper.

Material and methods

The fossil spongillaflies are enclosed in Eocene Baltic amber. The specimens were examined under a Leica M5 or
MZ12.5 dissecting microscope (Leica, Wetzlar, Germany). Photographs were taken using a Leica stereomicroscope
M 420 Apozoom in combination with Canon EOS 600D, EOS utility software and the Zerene Stacker software,
incident and transmitted light used simultaneously. All images were edited with Adobe Photoshop CS4.

The wing venation terminology in general follows Kukalova-Peck & Lawrence (2004) using the venation
abbreviations in text and figures: A—Analis (here: 1A, 2A, 3A); CuA—Cubitus Anterior; CuP - Cubitus Posterior;
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MA - Media Anterior; MP - Media Posterior; R - Radius; RA - Radius Anterior; RP - Radius Posterior and RP1,
RP2, RP3, RP 4, RP3+4—subordinate branches of Radius Posterior (sequence sensu Kukalova-Peck & Lawrence
2004); Sc—Subcosta. Following Oswald (1993) the forewing cross-veins are arranged in more or less aligned
gradate series. These series are numerically designated 1 to 4 starting at the base of the wing: 1—basal, 2—inner,
3—middle and 4—outer gradate series. The terminology of the genitalia generally follows that of Aspock &
Aspock (2008): e—ectoproct of 10" tergite, gx9—gonocoxite of 9" segment, S9—9™ segment.

Systematic palaeontology

Order Neuroptera Linnaeus, 1758

Family Sisyridae Banks, 1905

Genus Palaeosisyra Nel, Menier, Waller, Hodebert & de Ploeg, 2003

Type species: Paleosisyra eocenica Nel, Menier, Waller, Hodebert & de Ploeg, 2003

Diagnosis (modified from Nel ef al, 2003): The genus Paleosisyra is characterised by a combination of the
following traits: 1. the fusion of subcosta Sc and radial vein RA at wing apex below the pterostigma region of fore-
and hind wings, 2. complete outer gradate cross-veins series present in fore- and hindwings, 3. in hindwings a basal
sinusoid cross-vein rpma-mp entering RP+MA close to the dichotomous branch in RP and in MA, and 4. the
triangular-shaped terminal segments of labial and maxillary palps. Moreover, male genitalia with a pair of
movable, sclerotised gonocoxites (claspers); female genitalia with the gonapophysis lateralis tapered and strongly
curved dorsad. The species of Paleosisyra are separated by the variable wing venation and predominantly by the
outer male genitalia. The extinct species differ significantly from all extant Sisyridae species in the hindwings by
the conjunction of cross-vein rpma-mp with the apical part of RP+MA - instead of the basal part of RP+MA.
Paleosisyra is an extinct Eocene sisyrid genus.

Paleosisyra minor n. sp.
Figs. 1-2

Holotype. Male, deposited in the Senckenberg Forschungsinstitut und Naturmuseum, coll-no. SMF Be 2519 (ex
coll. Weiterschan no. 1551). The specimen is embedded in a very small piece of amber; it is well preserved, in
dorsal view the hindwings are largely covered by the forewings, in ventral view the right fore- and hindwing are
distorted and partially covered by thin air films; male genitalia are poorly preserved.

Etymology. The species minor (latin: small) is named after its small size (forewing length 3.5 mm), smaller
than P. electrobaltica (forewing length 4-5 mm) and P. eocenica (forewing length 5.2 mm)

Diagnosis. Paleosisyra minor n. sp. comes with the traits of genus Paleosisyra and differs from P. eocenica
and P. electrobaltica mainly by the male genitalia. The coxopodits are stocky and almost hemispherical, compared
to the elongate and digitiform coxopodits of P. electrobaltica and to the “long” coxopodits of P. eocenica. The
forewing venation is characterised by the 3-branched RP in contrast to the 4-branched RP in P. eocenica and P.
electrobaltica. Three gradate series of cross-veins can be discerned (Fig. 1b). The apical cross-veins are arranged in
a more or less aligned outer gradate series. In the forewing of Paleosisyra minor n. sp., CuA runs to the wing
margin with only two terminal branches and a final terminal fork. In the hindwing the sinusoid cross-vein rpma-mp
originates from MP and enters RP+MA directly at the dichotomous branch (Fig. 2b).

Description. Head (Fig. 1a): Antenna filamentous, two-thirds of the length of the forewings. Scapus distinctly
larger than the other segments; pedicellus smaller, basally narrow and distally globular. The following 29
flagellomeres slightly longer than wide and approximately cylindrical. Maxillary palp 5-segmented, with first,
second and fourth segments shorter than the third; terminal segment triangular in dorsal view, twice as long as the
third, broadest at base, narrowed and tapered at apex. Labial palps with third terminal segment enlarged, flattened,
triangle-shaped, the second segment smaller than the terminal and than the narrow first segments. Dorsal region of
the head capsule (vertex) slightly convex, on both sides large compound eyes well visible.
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FIGURE 1. Paleosisyra minor n. sp. (holotype, deposited in the Senckenberg Forschungsinstitut und Naturmuseum, coll-no.
SMF Be 2519). a—male in dorsal view; right forewing apically distored, left forewing length 3.5 mm. b—Ileft forewing, scale
bar = 1 mm, labelling see material and methods.
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FIGURE 2. Paleosisyra minor n. sp. (holotype, deposited in the Senckenberg Forschungsinstitut und Naturmuseum, coll-no.

SMF Be 2519). a—male in ventral view. b—hindwing venation. c—male genitalia in ventral view. d—male genitalia in
ventrodistal view.
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Forewing (Fig. 1b): Length 3.5 mm; membrane hyaline; costal area widened, costal cross-veins all simple,
about 14 before the apical fusion between Sc and RA; subcostal area between Sc and RA with subcostal cross-vein
sc-ra below the 2™ costal cross-vein and above the dichotomous branch of RA and RP+MA, then followed by the
dichotomous branch in RP and in MA below the 3" costal cross-vein.

Between RA and RP cross-vein 2ra-rp just placed basally of the dichotomous branch of RP in RP1+2 and
RP3+4. The dichotomous branch of RP1+2 in RP1 and RP2 is located close to the next cross-vein 3ra-rp; RP3+4
unbranched, simple; RP 3-branched (RP1, RP2, RP3+4), all 3 branches apically with short terminal forks. MA
simple, divided apically into two short terminal branches; MP midway with dichotomous branch MP1+2 and
MP3+4, both divided apically into two or three terminal branches. CuA and CuP separated from wing base; CuA
running parallel to margin with two terminal branches and finally a terminal fork; CuP simple. Anal veins 1A to 3A
all simple, running separately to anal margin.

The area between RA and RP has three cross-veins: 2ra-rp, 3ra-rp and 4ra-rp. Cross-vein 2ra-rp participates in
the inner cross-vein gradate series. Crossvein 3ra-rp is connected to the middle cross-vein gradate series. The outer
cross-vein gradate series consists of cross-veins running along the furcation of the terminal branches at the apical
wing margin, including cross-vein 4ra-rp of the area between RA and RP.

Hindwing (Fig. 2a): Costal cross-veins all simple and numerous before the apical fusion of Sc and RA;
subcostal area between Sc and RA with a basal cross-vein. At wing base the stem of R hypothetically present and
fused with MA; subsequently follows the dichotomous branch with RA and RP+MA; then MA separating from RP.
Sinusoid cross-vein rpma-mp originating basally of MP and entering apically RP+MA directly at the dichotomous
branch with separated RP and MA (Fig. 2b). RP 2-branched, separated in RP1+2 and RP 3+4, all of them with
terminal forks. MA and MP simple, with terminal forks. CuA with terminal branches, CuP simple. Anal veins (1A,
2A, 3A) simple, running separately to anal margin. Apical cross-veins forming an outer gradate series.

Male genitalia (Fig. 2c, d): The outer genital structures are poorly preserved. The ectoproct is horseshoe-
shaped but largely covered by a white reflecting air film (verlumt), the gonocoxites (cp) heavily sclerotized, stocky
and almost hemispherical; their inner sides slightly concave, apparently with a spacer to keep apart the
gonocoxites. Ninth sternite (S9) slightly sclerotized, V-shaped, wide angled, without any posterior processes.

Paleosisyra electrobaltica Wichard, Gréhn & Seredszus, 2009
Figs. 3—4

Holotype. Female, embedded in Eocene Baltic amber amber, deposited in the Geologisch-Paldontologisches
Museum of the University of Hamburg, Inv.-No.: GPIMH 4522 (ex coll. Gréhn 6997).

Additional description. Paleosisyra electrobaltica Wichard et al., 2009 was described on base of a female
and is now re-described in consideration of the male genitalia of two new male specimens, described as:

Paratype 1: Male, embedded in Eocene Baltic amber, deposited in coll. W. Wichard, well preserved, in lateral
view male genitalia partially covered with a white reflecting air film (verlumt).

Paratype 2: Male, embedded in Eocene Baltic amber, deposited in coll. T. Weiterschan, coll-no. 1380, well
preserved, male genitalia in lateral view.

Diagnosis. Paleosisyra electrobaltica Wichard et al., 2009 comes with the traits of the genus Paleosisyra and
differs from P. minor n. sp. by the coxopodits which are elongate and digitiform, slightly curved ventrad.
Compared with the description of the “long” coxopodits of P. eocenica Nel et al., 2003 the elongate and digitiform
coxopodits of P electrobaltica do not currently allow a significant differentiation. In the forewing of P
electrobaltica RP is 4-branched. The apical cross-veins are arranged in a more or less aligned outer gradate series.
CuA is running to the wing margin with 5-6 terminal branches and finally a terminal fork. In the hindwing the
sinusoid cross-vein rpma-mp originates basally from MP and enters RP+MA apically close to the dichotomous
branch. The residual distance to the dichotomous branch is a little longer than in P. eocenica and P. minor and
distinctly shorter than in the Cretaceous Prosisyrina sukachevae.

Description. Head (Fig. 3a, 4a): Antenna filamentous, about two-thirds of the length of the forewings. Scapus
distinctly larger than the other segments; pedicellus smaller, basally narrow and distally globular. The following 36
flagellomeres slightly longer than wide and approximately cylindrical. Maxillary palp 5-segmented, with first,
second and fourth segments shorter than the third; terminal segment triangular in dorsal view, twice as long as the
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third, broadest at base, narrowed and tapered at apex. Labial palps with third terminal segment enlarged, flattened,
triangle shaped, the second segment smaller than the terminal and the narrow first segments.
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FIGURE 3. Paleosisyra electrobaltica Wichard et al., 2009 (female holotype, deposited in the Geologisch-Paldontologisches
Museum of the University of Hamburg, Inv.-No.: GPIMH 4522). a—female in dorsal view, forewing length 5 mm. b—drawing
of forewing, scale bar = 1 mm, labelling see material and methods.
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FIGURE 4. Paleosisyra electrobaltica Wichard et al., 2009 (male paratypes). a—male, paratype no. 1, deposited in coll. W.
Wichard, ventrolateral view, forewing length 4.5 mm. b—male genitalia, paratype no. 1, deposited in coll. W. Wichard. c—
male genitalia, paratype no. 2, deposited in coll. T. Weiterschan.

Forewing (Fig. 3b): Length 4.5 (male)-5 (female) mm; membrane hyaline; costal area widened, costal cross-
veins all simple, about 29 cross-veins before the apical fusion between Sc and RA; subcostal area between Sc and
RA with a basal cross-vein, sc-ra, below the bifurcation of RA and RP+MA; then followed by the separating of
RP+MA in RP and MA. RP is 4-branched, RP4, RP3, RP2 and RP1 separating in a row from RP, all branches
apically with short terminal forks. MA simple, divided apically into several terminal branches; MP forking midway
into two branches MP1+2 and MP3+4, both divided apically into short terminal branches. CuA and CuP separated
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at wing base; CuA running to margin with 5-6 terminal branches and a terminal fork; CuP simple. Anal veins (1A,
2A, 3A) all simple and ending in short terminal forks at wing margin. Forewing with basal (sc-ra), inner, middle
and outer cross-vein gradate series. It is noteworthy that the wing venation is highly variable, in particular the
cross-veins vary in presence and location and e.g. MP is incomplete on the right forewing of the female holotype
(Fig. 3b).

Hindwing (Fig. 4a): Length about 3.8 mm (male); membrane hyaline. Costal cross-veins simple and numerous
before the apical fusion of Sc and RA; subcostal area between Sc and RA with basal cross-vein sc-ra. At wing base
the stem of R is hypothetically fused with MA along a short distance; following the dichotomous branch with RA
and RP+MA. Sinusoid cross-vein rpma-mp originating basally of MP and entering apically RP+MA, thereafter
MA separating from RP. RP is 3-branched; RP3 and RP1+2 separating in a row from RP; RP1+2 dichotomously
branched into RP1 and RP2, all branches apically with short terminal forks. MA and MP simple, divided apically
into several terminal branches. CuA with terminal branches, CuP simple. Anal veins (1A, 2A, 3A) simple, running
separately to anal margin. Apical cross-veins forming an outer gradate series.

Male genitalia (Fig. 4b, ¢): The outer genital structures are poorly preserved, partially covered by a white film
(verlumt). The dorsal ectoproct (e) bulblike in lateral view. Gonocoxite (gx9) elongate, digitiform, at apex rounded,
slightly curved medioventrad. Ninth sternite (S9) slightly sclerotized and slightly pre-bulged, in lateral view. Outer
male genitalia loosely hairy; setae at ninth sternite longer than setae at ectoproct and gonocoxite.

Female genitalia: Tenth tergite dorsally forming a small and sclerotized ectoproct. Ninth tergit, in lateral view,
bulky and rounded, at its base broad, apically slightly tapered, bearing the gonapophysis lateralis, which is elongate
and at apex pointed, strongly curved dorsad. Ventrally the subgenital plate formed by two parallel slim plates.

Key to the species in the genus Paleosisyra

1 In forewing radius posterior 3-branched ... ... ... ... . . P. minor n. sp.
- In forewing radius posterior 4-branched . ... .. .. ... ... 2
2 In male genitalia ectoproct bulbous, coxopodite digitiform, curved ventrad . .. ......... ... ... ...... P. electrobaltica
- In male genitalia ectoproct broader than long, coxopodite long, straight. . ........... ... ... ... ... .. ... P. eocenica
Discussion

Sisyrid larvae live mostly in freshwater colonies of sponges, on which they feed. This way of life is realised today
and was in existence very probably in the Eocene (principle of actualism). The fossil record of sisyrid larvae
(Wichard et al., 2009) and of the two here presented extinct species in Baltic amber indicates the presence of
sponges (Porifera, Spongillidae) in fresh water within the so-called Eocene “amber forest”, even though sponges
are not yet recorded from Baltic amber.

The study by Winterton ez al. (2010) places the origin of the sisyrid lineage into the first half of the Mesozoic,
so the group may be quite old. The combination of the scarce fossil record and the relatively few extant species of
Sisyridae might indicate that this family was never very diverse, perhaps due to its specialized life style.
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