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Abstract

Elektroberotha groehni gen. et sp. nov. (Neuroptera: Berothidae) is described from Baltic amber. The genus is assigned
to Berothinae based on female terminalia that have the following characteristics: long hypocaudae on gonocoxite 9; ster-
nite 7 that is medially divided into a pair of lateral sclerites; and gonocoxite 8 with a medial process that is very similar to
that of some extant berothine genera. The new genus is the first described fossil genus of the subfamily Berothinae. It is
noteworthy for the possession of a fully-developed CuP in the hind wing, a vein that is strongly reduced in all other species
of the subfamily. The genus Spiroberotha is considered to belong to the Berothinae.
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Introduction

The Berothidae is a small family (approximately 130 extant species, including Rhachiberothinae) that occurs in
most warm-temperate to tropical regions of the world, and very rarely in temperate regions (Oswald 2013). Fossil
berothids are numerous (45 named species in 31 genera, excluding Mesithone Panfilov, 1980), known from the
Middle Jurassic to late Eocene (Makarkin ez al. 2011, 2012; Azar & Nel 2013; Khramov 2015; Makarkin 2015; Shi
et al. 2015).

Baltic amber berothids are currently known from only one named species, the rhachiberothine Whalfera
wiszniewskii Makarkin et Kupryjanowicz, 2010, although five described larvae are thought to belong to at least two
(maybe more) species of two different subfamilies (Wedmann ez al. 2013). Proberotha prisca Kriiger, 1923 was
considered for a long time as a berothid, but recently it was reasonably assumed to be a nevrorthid (Wedmann et al.
2013; Wichard 2014).

In this paper, a remarkable new berothid genus and species from Baltic amber is described, based on two
specimens. The new genus is assigned to the subfamily Berothinae based on female terminalia, although it
possesses a fully-developed CuP in the hind wing, a vein that is strongly reduced in all other species of the
subfamily.

Material and methods

This study is based on two specimens from Baltic amber. The amber piece containing the holotype is nearly square,
ca. 15 by 14 mm. The piece containing the paratype is broadly rectangular, about 27 by 45 mm.

The photographs of the holotype were taken by Carsten Grohn using a Zeiss stereomicroscope (modified with
variable objectives: Nikon M Plan 5x, 10x, 20x, 40x; Luminar 18 mm, 25 mm, 40 mm) and an attached Canon
EOS 450D digital camera. The photographs of the paratype were taken by Lukas Kirschey using a Leica DFC420
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digital camera on a Leica MZ95 dissecting microscope. Line drawings were prepared by the first author using
Adobe Photoshop CS3.

The venational terminology in general follows Kukalova-Peck & Lawrence (2004) as interpreted by Yang et
al. (2012b, 2014). Terminology of wing spaces and details of venation (e.g., spaces, veinlets) follow Oswald
(1993).

Abbreviations: AA1 to AA3, first to third branches of anterior anal vein; CuA, anterior cubitus; CuP, posterior
cubitus; hp, humeral plate; MA and MP, anterior and posterior branches of media; RA, anterior radius; RP,
posterior sector; RP1, proximal-most branch of RP; ScP, subcosta posterior.

Systematic paleontology

Order Neuroptera Linnaeus, 1758
Family Berothidae Handlirsch, 1906
Subfamily Berothinae Handlirsch, 1906
Genus Elektroberotha gen. nov.

Type and only species. Elektroberotha groehni sp. nov.

Diagnosis. May be easily distinguished from other genera of Berothinae by a combination of the following
character states: scapus relatively short, approximately twice as long as wide; sternite 7 of female divided medially
into pair of large lateral sclerites; gonocoxite 8 of female with long narrow medial process directed anteriorly;
hypocaudae long; pseudohypocaudae of female long, not separated from tergite 9 + ectoproct; in forewing, 2r-m
connects RP, MA; three crossveins between RA, RP before termination of ScP; in hind wing, CuP fully developed.

Etymology. From the Greek elektro, amber and Berotha, a genus-group name, in reference to the occurrence of
the genus in Baltic amber. Gender feminine.

Remarks. Elektroberotha gen. nov. is the first described fossil genus in the subfamily Berothinae, the largest
berothid subfamily comprising 85 extant species in eleven genera (Oswald 2013).

Elektroberotha groehni sp. nov.
Figs 1-5

Proberotha prisca (non Kriiger, 1923): Scheven 2004: Fig. on p. 7.

Type material. Holotype GPIH Typ. Kat. Nr. 4550 (ex collection of C. Gréhn, Nr. 7069), deposited in the
Geological-Paleontological Institute and Museum of the University of Hamburg [Geologisch-Paldontologisches
Institut und Museum der Universitdt Hamburg]. An incomplete female specimen: body complete, with both coxae
of forelegs, fragments of left mid-leg, complete right hind leg, and femur of left hind leg preserved (apical parts of
antennae, other segments of legs missing); an almost complete right forewing; a proximal part of left forewing; and
an incomplete, damaged right hind wing (left hind wing missing).

Paratype MB 1.6021 (ex collection of J. Velten), deposited in the Museum fiir Naturkunde, Berlin. A nearly
complete female specimen.

Etymology. After the surname of Carsten Grohn, recognizing his help in examination of the holotype.

Description. Holotype (Figs 1-6). Length of body 8.3 mm as preserved. Head poorly preserved. Eyes large;
postocular lobe neither expanded, nor inflated. Antennae rather long; scapus relatively short, approximately twice
as long as wide, covered with short setae; pedicellus slightly longer that first flagellomeres; flagellum consists of
ca.70 preserved segments (antennae possibly incomplete).

Pronotum narrowed toward anterior margin, rounded at anterior margin; nearly as long as wide in posterior
part; covered with long setae; with two transverse furrows (proximal furrow interrupted medially, distal complete,
deeper). Mesonotum almost bare (setae possibly lost post mortem); single scale preserved on left mesopleuron.
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Metanotum not clearly visible. Legs incompletely preserved. Procoxa long, covered with long setae. Metatibia
without terminal spurs; metatarsus with basal tarsomere longer than remaining tarsus (relative length of tarsomeres
8.5-2.5-1.5-1-1.6); first (basal) to fourth tarsomeres each with pair of apical inner (ventral) spine-like setae; claws
thin, curved.
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FIGURE 1. Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. A, specimen as preserved, dorsal
view. B, left forewing (ventral view) showing basal crossvein 1r-m. Scale bar = 1 mm.

No dorsal scales on abdomen detected. Tergite 6, Sternite 6 long, unspecialized. Tergite 7 rather long,
unspecialized. Sternite 7 medially dividing into pair of large lateral sclerites. Tergite 8 narrower than tergite 7.
Gonocoxites 8 fused, narrow; strongly chitinized anteriorly, with margin distinctly visible; posterior margin
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indiscernible, probably weakly chitinized; long median process directed forward, markedly dilated and round
apically (Fig. 5B). Tergite 9 probably fused with ectoprocts, kidney-shaped in ventral view; one preserved ventral
pseudohypocauda poorly visible, long, slender in ventral view, covered with dense very long setae apically.
Gonocoxites 9 deeply excised anteriorly (in ventral view), with dense long setae; one preserved hypocauda rather
long (very probably, its apical part broken off), with scarce long setae.

7.zt /

FIGURE 2. Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. Proximal part of right hind wing
(ventral view) showing CuP and humeral plate (hp). Scale bar = 0.5 mm.

Forewing 10.7 mm long as preserved (estimated complete length ca. 11.5 mm), ca. 5 mm wide. Costal space
moderately broad, strongly narrowed basally. Humeral veinlet slightly recurrent, with two simple short branches.
All subcostal veinlets 1-3 times forked; weakly bent to wing apex, two central veinlets perpendicular to ScP. ScP
relatively short, distally connected with RA by short distal crossvein. Subcostal space relatively broad, with two
crossveins: basal, located much proximad origin RP, and distal. RA enters margin well before wing apex, apically
dichotomously branched, with five long veinlets (branches): four dichotomously branched in similar manner as
stem of ScP, one once forked. RA space (between RA, RP) slightly wider than subcostal space, with four
crossveins: three proximad distal subcostal crossvein, one distad. RP origins rather near wing base, with eight
branches. RP1 relatively deeply forked, in general dichotomous. RP2 forked shallower than RP1, but much deeper
than other branches which shallowly forked. Crossvein 1r-m very short, connecting R, M (discernible in left
forewing; Fig. 1B); 2r-m long, connecting RP, MA rather far from fork of M; strongly thinner towards MA in right
forewing. Other ten radial crossveins arranged in one nearly complete gradate outer series from ScP+RA to CuA
(crossvein between stem of RP, RP8 absent); one additional crossvein between RP7, RP8 located basad crossvein
of outer series. M not fused basally with R, thinning and adjoining R basad 1m-cu; forked at level of origin of RP.
MA branched similarly to RP1 branching. MP deeply dichotomously branched; its basal-most fork proximad
crossvein between MA, MP. Crossvein Im-cu (‘M5”) long, oblique, connecting M, CuA; 2m-cu located much
distad fork of M. Cu dividing into CuA, CuP rather close to wing base. CuA deeply dichotomously branched
(alternatively, pectinately forked with three branches; proximal-most branch deeply dichotomously forked). CuP
configured similarly to CuA but with more oblique branches. One crossvein between CuA, CuP (licu) located
proximad 2m-cu. AA1 dichotomously branched distally. AA2 forked distally into two branches; anterior branch
pectinately forked (with four short simple branches); posterior branch only with terminal fork. AA3 rather short,
with at least three very short, pectinate branches. Terminal fork of all branches of RP to AA2 very shallow;
sometimes these ‘forks’ have three branches. Two crossveins posterior to CuP: cup-aal, aal-aa2. Trichosores
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prominent along entire wing margin. Macrotrichia on veins, wing margins rather long, dense. Wing membrane
probably hyaline with majority of crossveins narrowly margined with dark brown, and majority of forks (inside)
dark brown.

CuA

FIGURE 3. Wing venation of Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. A, right forewing
(veins in the apical-most preserved portion are probably optically distorted by irregularities in the amber). B, right hind wing.
Macrotrichia are omitted except in the humeral area of the hind wing. Scale bar = 1 mm (both to scale).

Hind wing 9.8 mm long, 3.7 mm wide as preserved (estimated complete width ca. 4 mm). Humeral plate long,
curved, covered with dense long setae. Costal space very narrow medially, slightly dilated basad, markedly dilated
distad. Subcostal veinlets closely spaced, short, simple except three distal deeply forked. ScP stout, relatively short,
distally connects with RA by distal crossvein. Subcostal space relatively broad, with one distal crossvein detected.
RA enters margin well before wing apex, with six long veinlets (branches): four veinlets once forked, two veinlets
forked three times. RA space (between RA, RP) distinctly wider than subcostal space, with three preserved
crossveins proximad distal subcostal crossvein. RP with six branches; all of these shallowly dichotomously
branched. Crossvein 1r-m incompletely preserved: long, straight, nearly perpendicular to MA, connecting stem of
RP, MA. Radial crossveins not preserved. M not fused basally with R, forked rather far from wing base. MA, MP
parallel to each other; branching not preserved. Crossvein 1m-cu (‘M5°) rather short, oblique, connecting M, Cu.
Cu divided into CuA, CuP very far from wing base. CuA long, incurved; its distal part and posterior wing margin
slightly divergent; pectinately branched with eight preserved branches (three proximal-most branches deeply
dichotomously forked; other branches incompletely preserved). CuP pectinately branched, with nine short
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branches. Two distal crossveins (between MA, MP and MP, CuA) represent posterior-most crossveins of outer
gradate series. Between CuA, CuP one long crossvein (licu). AA1 forked distally; anterior branch pectinately
forked (with three short simple branches); posterior branch with two short branches. AA2 pectinately forked, with
at least three short simple branches. AA3 incompletely preserved, rather stout. Terminal fork of all preserved
branches of RP to AA2 shallow; sometimes these ‘forks’ have three branches. Between CuP, AA1 one crossvein
proximad licu. Trichosores prominent, except basally in costal margin where these indistinct. Macrotrichia on
veins, wing margins rather long, dense. Wing membrane hyaline with forks (inside) in apical wing portion dark
brown.
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FIGURE 4. Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. A, photograph showing scapus (sc)
and pedicellus (pe) of right antenna, almost anterior view. B, head and pronotum (pn), dorsal view. Scale bar = 0.5 mm.
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FIGURE 5. Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. A, apical segments of female
abdomen, ventral view. B, hypocauda (hy) and medial process (mp) of gonocoxites 8 (gx8). e, ectoproct; gx9, gonocoxite 9;
phy, pseudohypocauda; S6, S7, 6th and 7th sternites; T8, T9, 8th and 9th tergites. Scale bars = 0.5 mm (A), 0.1 mm (B).

Paratype (Fig. 7). Length of body 12.4 mm. Head with large eyes, short face. Vertex covered with rather short
setae. Postocular lobe neither especially expanded nor inflated. Antennae rather long; scapus short, approximately
twice as long as wide, covered with relatively short setae; pedicellus only slightly longer that first flagellomeres;
flagellum of right (complete) antenna consists of 82 segments. Terminal segments of maxillary, labial palpi narrow,
elongate, acutely pointed.

Thorax dorsally covered with rather scarce long setae. No thoracic scales detected. Anterior lateral cervical
sclerite covered with dense very long setae.

BALTIC AMBER BEROTHINAE Zootaxa 3946 (3) © 2015 Magnolia Press - 407



FIGURE 6. Elektroberotha groehni gen. et sp. nov., holotype GPIH Typ. Kat. Nr. 4550. Thorax showing thoracic scale (sl) and
coxa of fore legs (procoxa, pc), ventro-lateral view. Scale bar = 1 mm.

Procoxa, profemur covered with long dense setae; protibia covered with shorter setae, without terminal spurs;
protarsus with basal tarsomere longer than remanding tarsus.

Sternite 7 medially divided into pair of large lateral sclerites. Gonocoxites 8 fused, narrow, strongly chitinized;
its margins rather distinctly visible; long median process directed forward, somewhat dilated apically. Tergite 9
probably fused with ectoprocts; its ventral pseudohypocaudae well visible, long, covered with dense very long
setae, especially apically, not separated from tergite 9 + ectoproct. Gonocoxites 9 rather small, with dense long
setae; hypocaudae very long, with rather scarce long setae.

Forewing ca. 13.1 mm long as preserved (estimated complete length ca. 14 mm), 6.8 mm wide. Venation very
similar to that of holotype, differing only in details of branching, location of crossveins. Outer gradate series of
crossveins complete, including crossvein between stem of RP, RP8; additional (more basal) crossveins between
RP7, RP8 absent.

Hind wing 11.6 mm long as preserved (estimated complete length ca. 12.5 mm), 5.6 mm wide. Venation very
similar to that of holotype differing only in small details. Additional data not preserved in holotype as follows: six
preserved crossveins in outer gradate series (from RP4 to CuA); no inner gradate series of crossveins present; 1r-m
straight, connecting RP, MA just after fork; 1m-cu short, oblique.

Remarks. The holotype specimen was most probably trapped in resin post mortem as it has lost many body
parts and its wings are damaged.

The conspecificity of specimen MB 1.6021 and the holotype is based on a strong similarity of their wing
venation and maculation, and of their visible body structures. These specimens differ in small details of their
genital segments structure as preserved; however, these differences appear to be due to the holotype being partly
damaged and incomplete. The rather big size difference between the holotype and paratype (estimated complete
forewing length 11.5 mm and 14 mm, respectively) is not exceptional in the family. Such size differences between
conspecific individual specimens are known in the large Australian species Trichoma gracilipenne Tillyard, 1916
and Trichoberotha ferruginea Handschin, 1935: the forewing length of the male in the former species ranges from
9.5 mm to 14.5 mm, and that of the female in the latter species from 12.5 mm to 15 mm (Aspdck & Aspock 1985).

Two other undescribed berothid specimens also reported from Baltic amber (i.e., Bachofen-Echt 1949: Fig.
122; Weitschat & Wichard 1998: PI. 55a,b). These differ from Elektroberotha groehni sp. nov. in their reduced
number of RP branches (six versus eight respectively), but they might belong to this species. The latter specimen
has otherwise very similar venation and its wing maculation is identical with that of the holotype and the paratype.

A further undescribed female from Baltic amber which “has long hypocaudae” (MacLeod & Adams 1968: p.
258) may also be conspecific with Elektroberotha groehni sp. nov., but it is not illustrated.
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FIGURE 7. Elektroberotha groehni gen. et sp. nov., paratype MB 1.6021. A, specimen as preserved, ventral view. B, head and
thorax, ventral view. C, proximal part of right hind wing (dorsal view) showing CuP, basal crossvein between Rs and M (1r-m)
and humeral plate (hp). D, apical segments of female abdomen, ventral view. alc, anterior lateral cervical sclerite; e, ectoproct;
gx8, gonocoxite 8; hy, hypocauda; mp, medial process; phy, pseudohypocauda; S7, 7th sternite; T9, 9th tergite. Scale bars = 3
mm (A), 1 mm (B-D).
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Distinctive features of Elektroberotha gen. nov.

Scales (squamae) on the thorax. Modified setae resembling scales of Lepidoptera occur on the thorax in three
berothine genera: Podallea Navas, 1936, Spermophorella Tillyard, 1916, and Spiroberotha Adams, 1990 (Aspock
& Nemeschkal 1998). However, these scales occur only on the pronotum, at least in Podallea and Spermophorella
(Aspock & Aspock 1986b, 1996), whereas one thoracic scale is detected on the mesopleuron of the holotype of
Elektroberotha gen. nov. (Fig. 6), and none are detected in the paratype. This and the following character state are
obviously apomorphic in the family.

Scales (squamae) on the wings. These scales occur only in the female, where they are on one (fore- or hind
wing) or both wings of many, but not all species of most genera of Berothinae (Aspdck & Nemeschkal 1998). The
absence of scales on the wings of Elektroberotha gen. nov. indicates that this condition might not have evolved yet
in Berothinae at that time.

Scapus. The relatively short scapus as found in Elektroberotha gen. mov. is plesiomorphic in the family
(Aspock & Nemeschkal 1998). Among Berothinae, a similar length of the scapus occurs in the Australian
Spermophorella and Quasispermophorella Asp6ck et Aspock, 1986b, and some Nodalla Navés, 1926 (e.g., N.
vartianella (Aspock et Aspock, 1984) from Afghanistan). Other genera of Berothinae have a long to extremely
long scapus (at least four times the length of the pedicellus).

Humeral veinlet in the forewing. The presence of the recurrent humeral veinlet with one or two short
branches (i.e., similar to that of the new genus) is a plesiomorphic condition at the family level, and occurs in some
extant genera and species (e.g., Cyrenoberotha MacLeod et Adams, 1968, Manselliberotha Aspdck et Aspock,
1988a, Trichoma Tillyard, 1916, Naizema Navas, 1919, Spiroberotha). In Berothinae, it is found in Lekrugeria
koenigi (Esben-Petersen, 1915).

Crossveins between RA and RP in the forewing. The majority of extant berothids possess two of ra-rp
crossveins proximad the distal subcostal crossvein (or the fusion of ScP and RA). Three ra-rp crossveins as found
in Elektroberotha gen. nov. occur rarely in the family, only in a few genera, e.g., Mucroberotha, Isoscelipteron
Costa, 1863, Trichoma Tillyard, 1916. However, a few extant species have many ra-rp crossveins either normally
(e.g., Ormiscocerus nitidipennis Blanchard in Gay, 1851: Penny & Winterton 2007: Figs 3, 4), or abnormally (e.g.,
Trichoma gracillipenne Tillyard, 1916: Aspock & Aspock 1985: Fig. 5). One to two of these crossveins are present
in all fossil Berothidae, and three only in Banoberotha enigmatica Whalley, 1980 and one specimen of Mesithone
proberotha Makarkin, 1999 (Whalley 1980: Fig. 4; Makarkin, 1999: Fig. 2c). One crossvein occurs in smaller
species with reduced venation (e.g., Engel & Grimaldi 2008: Figs. 31, 35). Therefore, the presence of two
crossveins proximad the distal subcostal crossvein (or the fusion of ScP and RA) is most probably a plesiomorphic
condition, and their increase to three (or more) or decrease to one is derived. The vast majority of Mantispidae also
possess two of these crossveins; some (i.e., Symphrasinae) have one crossvein, an apomorphic character state
(Wedmann & Makarkin 2007).

Crossvein 2r-m in the forewing. In all Mesozoic berothids, 2r-m (if preserved) connects RP and MA, a state
found in Mesithoninae and Paraberothinae as well as in Elektroberotha gen. nov. This condition is certainly
plesiomorphic in the family, as it is present in all other members of the mantispoid clade (both fossil and extant),
i.e., Mantispidae and Dipteromantispidae (except some extant mantispid Symphrasinae, in which this crossvein
connects RP and M near the fork). In extant berothid taxa, this plesiomorphic condition is retained in more basal
groups of Berothidae (i.e., Rhachiberothinae, Cyrenoberothinae, Nyrminae, and Protobiellinae), and very rarely in
‘higher’ Berothidae, i.e., in Berothinae (only Lomamyia Banks, 1905) and Nosybinae (only Spiroberotha). The
crossvein 2r-m connects R and MA in Nosybus Navas, 1910, and RP and M in Naizema and Trichoma. In the
remaining genera of Berothidae, 2r-m is shifted basad and connects R and M.

CuP in the hind wing. The presence of the fully-developed CuP in Elektroberotha gen. nov. is extraordinary
for the Berothinae. In extant Berothidae, the fully-developed CuP in the hind wing is present in the small
subfamilies Nyrminae (Aspdck 1989: Fig. 1) and Berothimerobiinae (Monserrat & Deretsky 1999: Figs 32, 33;
Penny & Winterton 2007: Figs 3, 4). In Rhachiberothinae, the distal part of CuP is reduced, but its proximal part is
present (Aspdck & Mansell 1994: Figs 18, 30, 43; Aspock & Aspock 1997: Fig. 36). In other berothids, CuP is
reduced from its origin to the crossvein licu, and represented by only its distal (branching) part. Rarely, the distal
part of CuP is slightly longer, extending basad the crossvein licu (e.g., Ausroberothella Aspdck et Aspock, 1985:
Fig. 25; Spiroberotha Adams, 1990: Fig. 1; Ardila-Camacho 2013: Fig. 1e). The hind wings of fossil berothids are
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usually poorly preserved; at least, their CuP is often difficult to identify with certainly. CuP is clearly detected as a
whole vein (a plesiomorphic condition) at least in two fossil species: the Cretaceous paraberothine Scoloberotha
necatrix Engel et Grimaldi (2008: Fig. 46), and a specimen determined as “near Jersiberotha luzzii Grimaldi,
2000” from the Turonian New Jersey amber (Berothidae incertae sedis) (Grimaldi 2000: Fig. 19¢).

In those genera whose hind wings normally lack CuP, some specimens may occasionally possess it as an
abnormality, e.g., in at least one hind wing of Lomamyia trombenensis Penny, 1985 from Brazil (see Faulkner
1992: Fig. 38). A similar situation occurs in Mesochrysopidae, where CuP in the hind wing is also reduced.
However, in one of the hind wings of Kareninoides lii Yang et al., 2012 CuP is fully developed and absent in the
other (see Yang et al. 2012a: Fig. 7). The presence of CuP in Elektroberotha groehni sp. nov. is probably normal, as
CuP is detected in both known specimens of this species.

Hypocaudae of gonocoxites 9 (gonapophyses laterales). Long to extremely long hypocaudae are present in
all genera of Berothinae (except small in some species of Stenobiella Tillyard, 1916) and Spiroberotha. In other
genera of Berothidae, the hypocaudae are absent or very short.

Pseudohypocaudae of tergite 9 + ectoproct. Well-developed pseudohypocaudae are present in all
Protobiellinae (i.e., Austroberothella Aspdck et Aspock, 1985 and Protobiella Tillyard, 1923) and
Rhachiberothinae. This structure is clearly separated from tergite 9 in Rhachiberothinae (Aspock & Mansell 1994:
Figs. 13, 33; Aspock & Aspock 1997: Fig. 39), whereas they appear not fully separated in Protobiella (Aspock &
Aspock 1985: Fig. 21), and clearly fused in Austroberothella and Spiroberotha (Aspock & Aspock 1985: Fig. 28;
Adams 1989: Fig. 7). It is believed that all other berothids lack pseudohypocaudae (Asptck & Nemeschkal 1998).
However, the pseudohypocauda of Spiroberotha fused with tergite 9 + ectoproct is not longer than the protruding
ventral part of tergite 9 + ectoproct in some Lomamyia species (e.g., MacLeod & Adams 1968: Fig. 18). Therefore,
it is hard to distinguish such a fused pseudohypocauda from such a protruding ventral part, and the
pseudohypocauda of Elektroberotha gen. nov. may also be interpreted as a long protruding ventral apex of the
tergite 9 + ectoproct. This protruding structure in some berothine genera (especially in Nodalla and Lekrugeria) is
covered with long dense setae similar to those of the new genus (Aspock & Aspock 1986a: Figs. 15, 23; 1998b:
Figs. 15, 24, 27).

Gonocoxites 8 (8th sternite, subgenitale). This structure strongly varies throughout the family. It is entirely
absent or weakly developed in some basal genera (i.e., Mucroberotha Tjeder, 1959, Hoelzeliella Aspock et Aspock,
1997, Cyrenoberotha, and Manselliberotha). The genera possessing it are divided into three groups: (1) processes
are absent or very unclear; (2) one unpaired medial process; and (3) two processes are present (Aspock &
Nemeschkal 1998). The shape of the unpaired medial process of Elektroberotha groehni sp. nov. is most similar to
that found in the following genera (all Berothinae): Asadeteva Aspdck et Aspock, 1981, some Podallea (e.g., P.
tansanica Aspock et Aspock, 1996: Fig. 15), and especially Nodalla (e.g., Aspock & Aspock 1984: Figs 9, 18;
Aspock & Aspock 1998b: Figs 9, 25, 28).

Sternite 7. The condition of sternite 7 (i.e., divided medially into a pair of large lateral sclerites) is
characteristic of most genera of Berothinae and the rhachiberothine Rhachiberotha Tjeder, 1959 and Hoelzeliella.
This sternite in other berothid genera is unspecialized or at most excided postero-medially.

Subfamily affinity of Elektroberotha gen. nov.

Despite the small number of its known species, the family Berothidae is currently divided into ten subfamilies: the
Mesozoic Mesithoninae and Paraberothinae, the Eocene to Recent Rhachiberothinae and Berothinae, and the
exclusively extant Cyrenoberothinae, Berothimerobiinae, Nyrminae, Protobiellinae, Trichomatinae and Nosybinae
(Wedmann et al. 2013). Recently, Berothimerobiinae and Nyrminae were synonymized (Aspock & Randolf 2014),
but this question requires more detailed examination.

The morphology of the Elektroberotha gen. nov. female terminalia (i.e., long hypocaudae of gonocoxites 9; the
medially divided sternite 7; and the structure of gonocoxites 8, especially of the median process) and the presence
of at least one thoracic scale clearly indicate that the genus belongs to the subfamily Berothinae. A similar structure
of the female terminalia is present in the South American genus Spiroberotha, which is currently considered to
belong to the Nosybinae, although it superficially most resembles the American berothine genus Lomamyia. This
putative nosybine affinity is in need of confirmation. Spiroberotha was originally assigned to Berothinae by Adams
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(1990), and transferred to Nosybinae by Aspdck & Nemeschkal (1998). The latter authors note, however, that this
genus “eidonomically looks very similar to some berothine taxa and shares many characters with this subfamily”,
and that Spiroberotha is a “conflicting element within the Nosybinae” (p. 61). The females of Spiroberotha can
hardly be distinguished from those of Berothinae (especially from Lomamyia); only male internal genitalia are
similar to those of the Nosybinae. The basic structure of the female internal genitalia is rather conservative in
Neuroptera (Sziraki 1996). It is quite possible that this may pertain also to female external structures, at least at the
subfamily level within the Berothidae. Recently, Aspock & Randolf (2014) concluded that Spiroberotha “might
belong to the Berothinae” (p. 169) based on these female structures, although they still considered the genus to
belong to the Nosybinae in their cladogram (Aspdck & Randolf 2014: Fig. 56). Therefore, Elektroberotha gen.
nov. might be better considered as a conflicting element within the Berothinae rather than within the Nosybinae.

Superficially, Elektroberotha gen. nov. most resembles the berothine genus Lekrugeria, especially the African
species L. koenigi, by its general venation, shape (i.e., outer wing margin not excised), and size (see Aspock &
Aspock 1986a: Fig. 19). However, the new genus easily differs from Lekrugeria by its complete hind wing CuP,
short scapus, and female terminalia (especially by the structure of gonocoxites 8). In general, its fully-developed
hind wing CuP distinguishes Elektroberotha gen. nov. from all other Berothinae genera.

The female terminalia of Elektroberotha gen. nov. appear to be most similar to those of the northern African to
southern Asian berothine genus Nodalla. The scapus and wing shape in these genera are also configured similarly.
However, specimens of Elektroberotha gen. nov. are larger and have richer venation with some character states
differing from those of Nodalla (e.g., the crossvein 2r-m connecting RP and MA; three crossveins between RA and
RP proximad the distal crossvein scp-ra). Well-developed pseudohypocaudae are absent in Nodalla, but the long,
dense setae at the elongated ventral part of its tergite 9 + ectoproct are similar to those on the pseudohypocaudae of
Elektroberotha gen. nov.

Interestingly, another Baltic amber berothid genus, Whalfera Engel, 2004, is also most similar to an extant
African genus, i.e., Mucroberotha (Makarkin & Kupryjanowicz 2010).

Two first instar larvae of Berothinae recently described from Baltic amber as “Berothidae indet., larva A” and
“Berothidae indet., larva B” (Wedmann ef a/. 2013) may belong to this species.

Acknowledgements

We thank Carsten Gréhn (Glinde, Germany) for allowing this research on the holotype specimen, performing
photography, and answering our numerous questions; Thomas Weiterschan (Hochst Odw., Germany) for helpful
information; Lukas Kirschey for help with photography of the paratype S. Bruce Archibald (Simon Fraser
University, Burnaby, Canada) for editing of the English. The study is partly supported by a President’s Grant for
Government Support of the Leading Scientific Schools of the Russian Federation No.HI11-150.2014.4, and a grant
from the Far Eastern Branch of the Russian Academy of Sciences No. 12-1-1130-03 for VM.

References

Adams, P.A. (1990) A new genus of Berothidae from tropical America, with two new species. Psyche, 96 (for 1989), 187-193.
http://dx.doi.org/10.1155/1989/39647

Ardila-Camacho, A. (2013) First record of beaded lacewings (Neuroptera, Berothidae) from Colombia. Zootaxa, 3669 (2),
159-164.
http://dx.doi.org/10.11646/zootaxa.3669.2.7

Aspock, U. (1989) Nyrma kervillea Navas — eine Berothide! (Neuropteroidea: Planipennia). Zeitschrift der
Arbeitsgemeinschaft  Osterreichischer Entomologen, 41, 19-24. Available from: http://www.landesmuseum.at/
pdf frei remote/ZAOE 41 0019-0024.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1981) Weitere Untersuchungen an Berothiden: Berotha Walker, Isoscelipteron Costa und Asadeteva
n. g. (Neuropteroidea: Planipennia). Zeitschrift der Arbeitsgemeinschaft Osterreichischer Entomologen, 33, 1-14.
Available from: http://www.landesmuseum.at/pdf frei remote/ZAOE 33 0001-0014.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1984) Zur Kenntnis des Genus Sphaeroberotha Navas, 1930 (Neuropteroidea: Planipennia:
Berothidae). Zeitschrift der Arbeitsgemeinschaft Osterrveichischer Entomologen, 35 (for 1983), 65-83. Available from:
http://www.landesmuseum.at/pdf frei remote/ZAOE 35 0065-0083.pdf (accessed on 13 March 2015)

412 - Zootaxa 3946 (3) © 2015 Magnolia Press MAKARKIN & OHL


http://www.landesmuseum.at/pdf_frei_remote/ZAOE_41_0019-0024.pdf
http://www.landesmuseum.at/pdf_frei_remote/ZAOE_41_0019-0024.pdf

Aspock, U. & Aspock, H. (1985) Die Berothiden Australiens (und Neuseelands) II: Die Genera Trichoma Tillyard,
Trichoberotha Handschin, Protobiella Tillyard und Austroberothella n. g. (Neuropteroidea: Planipennia: Berothidae).
Zeitschrift der Arbeitsgemeinschaft Osterreichischer Entomologen, 36 (for 1984), 65-85. Available from: http://
www.landesmuseum.at/pdf frei remote/ZAOE 36 0065-0085.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1986a) Das Genus Lekrugeria Navas (Neuropteroidea: Planipennia: Berothidae: Berothinae).
Zeitschrift der Arbeitsgemeinschaft Osterreichischer Entomologen, 37 (for 1985), 85-98. Available from: http://
www.landesmuseum.at/pdf frei remote/ZAOE 37 0085-0098.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1986b) Die Berothiden Australiens III: Die Genera Spermophorella Tillyard und
Quasispermophorella n. g. (Neuropteroidea: Planipennia: Berothidae). Zeitschrift der Arbeitsgemeinschaft
Osterreichischer ~ Entomologen, 38, 17-34. Available from: http:/www.landesmuseum.at/pdf frei remote/
ZAOE 38 0017-0034.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1988a) Die Subfamilie Cyrenoberothinae — ein Gondwana-Element? Manselliberotha
neuropterologorum n.g. et n. sp. aus S.W.A./Namibia (Neuropteroidea: Neuroptera: Berothidae). Zeitschrifi der
Arbeitsgemeinschaft  Osterreichischer Entomologen, 40, 1-13. Available from: http://www.landesmuseum.at/
pdf frei_remote/ZAOE_40 0001-0013.pdf (accessed on 13 March 2015)

Aspock, U. & Aspock, H. (1998b) Intra- und interspezifische Differenzierungen im Genus Nodalla (Neuroptera: Berothidae)
im Eremial der Westpaldarktis. Entomologia Generalis, 23, 39-76.

Aspock, U. & Aspock, H. (1996) Revision des Genus Podallea Navéas, 1936 (Neuroptera: Berothidae: Berothinae).
Mitteilungen der Miinchener Entomologischen Gesellschaft, 86, 99—144.

Aspock, U. & Aspock, H. (1997) Studies on new and poorly-known Rhachiberothidae (Insecta: Neuroptera) from subsaharan
Africa. Annalen des Naturhistorischen Museums in Wien, 99B, 1-20. Available from: http://www.landesmuseum.at/
pdf frei remote/ANNA 99B 0001-0020.pdf (accessed on 13 March 2015)

Aspock, U. & Aspdck, H. (2008) Phylogenetic relevance of the genital sclerites of Neuropterida (Insecta: Holometabola).
Systematic Entomology, 33, 97-127.
http://dx.doi.org/10.1111/j.1365-3113.2007.00396.x

Aspock, U. & Mansell, M.W. (1994) A revision of the family Rhachiberothidae Tjeder, 1959, stat. n. (Neuroptera). Systematic
Entomology, 19, 181-206.
http://dx.doi.org/10.1111/j.1365-3113.1994.tb00587.x

Aspock, U. & Nemeschkal, H.L. (1998) A cladistic analysis of the Berothidae (Neuroptera). Acta Zoologica Fennica, 209, 45—
63.

Aspock, U. & Randolf, S. (2014) Beaded lacewings — a pictorial identification key to the genera, their biogeographics and a
phylogentic analysis (Insecta: Neuroptera: Berothidae). Deutsche Entomologische Zeitschrift, 61, 155-172.

Azar, D. & Nel, A. (2013) A new beaded lacewing from a new Lower Cretaceous amber outcrop in Lebanon (Neuroptera:
Berothidae). /n: Azar, D., Engel, M.S., Jarzembowski, E., Krogmann, L., Nel, A. & Jorge Santiago-Blay, J. (Eds.), Insect
Evolution in an Amberiferous and Stone Alphabet. Proceedings of the 6th International Congress on Fossil Insects,
Arthropods and Amber. Brill, Leiden, Boston, pp. 111-130.

Bachofen-Echt, A. (1949) Der Bernstein und seine Einschliisse. Springer Verlag, Wien, 204 pp.

Banks, N. (1905) A revision of the Nearctic Hemerobiidae. Transactions of the American Entomological Society, 32, 21-51.

Blanchard, C.E. (1851) Mirmeleonianos. Rafidianos. /n: Gay, C. (Ed.), Historia Fisica y Politica de Chile. Zoologia. Vol. 6.
Claudio Gay & Museo de Historia Naturel de Santiago, Paris & Santiago, pp. 119-135.

Costa, A. (1863) Nuovi studii sulla entomologia della Calabria ulteriore. Atti della Accademia delle Scienze Fisiche e
Matematiche di Napoli, (1), 1 (2), 1-80.

Engel, M.S. (2004) Thorny lacewings (Neuroptera: Rhachiberothidae) in Cretaceous amber from Myanmar. Journal of
Systematic Palaeontology, 2, 137-140.
http://dx.doi.org/10.1017/S1477201904001208

Esben-Petersen, P. (1915) Neuropteren und Embiiden aus Ober-Aegypten und dem Aegypt. Sudan. Entomologische
Mitteilungen, 4, 79-88.

Faulkner, D.K. (1992) A4 revision of the genus Lomamyia Banks (Planipennia: Berothidae) with an emphasis on the western
United States species. Unpublished Master thesis. California State University, Long Beach, CA, USA, xii + 119 pp.

Handlirsch, A. (1906—1908) Die fossilen Insekten und die Phylogenie der rezenten Formen. Ein Handbuch fiir Palaeontologen
und Zoologen. W. Engelmann, Leipzig, ix + 1430 pp. [Issued in 1906 (pp. 1-640); 1907 (pp. 641-1140); 1908 (pp. 1120—
1430)]

Khramov, A.V. (2015) Jurassic beaded lacewings (Insecta: Neuroptera: Berothidae) from Kazakhstan and Mongolia.
Paleontologicheskii Zhurnal, 2015 (1), 26-34. [in Russian; English translation: Paleontological Journal, 49, 26-35]

Kriuger, L. (1923) Neuroptera succinica baltica. Die im baltischen Bernstein eingeschlossenen Neuroptera des
Westpreussischen Provinzial-Museums (heute Museum fiir Naturkunde und Vorgeschichte) in Danzig. Stettiner
Entomologische Zeitung, 84, 68-92.

Kukalova-Peck, J. & Lawrence, J.F. (2004) Relationships among coleopteran suborders and major endoneopteran lineages:
evidence from hind wing characters. European Journal of Entomology, 101, 95—144.

Linnaeus, C. (1758) Systema naturae per regna tria naturae secundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis, 10th ed., vol. 1. Salvii, Holmiae, 824 pp.

BALTIC AMBER BEROTHINAE Zootaxa 3946 (3) © 2015 Magnolia Press - 413


http://www.landesmuseum.at/pdf_frei_remote/ZAOE_38_0017-0034.pdf
http://www.landesmuseum.at/pdf_frei_remote/ZAOE_38_0017-0034.pdf
http://www.landesmuseum.at/pdf_frei_remote/ZAOE_40_0001-0013.pdf 
http://www.landesmuseum.at/pdf_frei_remote/ZAOE_40_0001-0013.pdf 
http://www.landesmuseum.at/pdf_frei_remote/ANNA_99B_0001-0020.pdf
http://www.landesmuseum.at/pdf_frei_remote/ANNA_99B_0001-0020.pdf

MacLeod, E.G. & Adams, P.A. (1968) A review of the taxonomy and morphology of the Berothidae, with the description of a
new subfamily from Chile (Neuroptera). Psyche, 74 (3) (for 1967), 237-265.

Makarkin, V.N. (1999) Fossil Neuroptera of the Lower Cretaceous of Baisa, East Siberia. Part 6. Mesithonidae (Insecta). Neues
Jahrbuch fiir Geologie und Paldontologie, Monatshefte, 1999 (12), 705-712.

Makarkin, V.N. (2015) A remarkable new genus of Mantispidae (Insecta, Neuroptera) from Cretaceous amber of Myanmar and
its implications on raptorial foreleg evolution in Mantispidae: A comment. Cretaceous Research, 52 (B), 423-424.
http://dx.doi.org/10.1016/j.cretres.2014.06.012

Makarkin, V.N. & Kupryjanowicz, J. (2010) A new mantispid-like species of Rhachiberothinae from Baltic amber (Neuroptera,
Berothidae), with a critical review of the fossil record of the subfamily. Acta Geologica Sinica, 84, 655-664.
http://dx.doi.org/10.1111/j.1755-6724.2010.00238.x

Makarkin, V.N., Ren, D. & Yang, Q. (2011) Two new species of Sinosmylites Hong (Neuroptera: Berothidae) from the Middle
Jurassic of China, with notes on Mesoberothidae. ZooKeys, 130, 199-215.
http://dx.doi.org/10.3897/zookeys.130.1418

Makarkin, V.N., Yang, Q., Peng, Y.Y. & Ren, D. (2012) A comparative overview of the neuropteran assemblage of the Early
Cretaceous Yixian Formation (China), with description of a new genus of Psychopsidae (Insecta: Neuroptera). Cretaceous
Research, 35, 57-68.
http://dx.doi.org/10.1016/j.cretres.2011.11.013

Monserrat, V.J. & Deretsky, Z. (1999) New faunistical, taxonomic and systematic data on brown lacewings (Neuroptera:
Hemerobiidae). Journal of Neuropterology, 2, 45—66.

Navas, L. (1910) Hemerdbidos (Ins. Neur.) nuevos con la clave de las tribus y géneros de la familia. Brotéria (Zooldgica), 9,
69-90.

Navas, L. (1919) Algunos insectos Neurdpteros de la Reptiblica Argentina. Serie trecera [II1]. Revista de la Real Academia de
Ciencias exactas, fisicas y naturales de Madrid, 17, 287-305.

Navas, L. (1926) Névropteres d’Egypte et de Palestine. 3me partie. Bulletin de la Société Royale Entomologique d’Egypte, 10,
192-216.

Navas, L. (1936) Mission Scientifique de 'Omo. Tome III. Fascicule 19. Neuroptera, Embioptera, Plecoptera, Ephemeroptera
et Trichoptera. Memoires du Museum Nationale d'Histoire Naturelle, Paris (N.S.), 4, 101-128.

Oswald, J.D. (1993) Revision and cladistic analysis of the world genera of the family Hemerobiidae (Insecta: Neuroptera).
Journal of New York Entomological Society, 101, 143-299.

Oswald, J.D. (2013) Neuropterida Species of the World. Version 3.0. Available from: http://lacewing.tamu.edu/Species-
Catalogue/ (accessed 20 October 2014)

Panfilov, D.V. (1980) New representatives of lacewings (Neuroptera) from the Jurassic of Karatau. /n: Dolin, V.G., Panfilov,
D.V., Ponomarenko, A.G. & Pritykina, L.N. Fossil insects of the Mesozoic. Naukova Dumka, Kiev, pp. 82—111. [in
Russian]

Penny, N.D. (1985) Neuroptera of the Amazon Basin. Part 8. Berothidae. Acta Amazonica, 13 (for 1983), 689-695.

Penny, N.D. & Winterton, S. (2007) Rediscovery of the unusual genus Ormiscocerus (Neuroptera: Berothidae:
Cyrenoberothinae). Proceedings of the California Academy of Sciences, 58 (4), 1-6.

Scheven, J. (2004) Bernstein-Einschliisse: Eine untergegangene Welt bezeugt die Schopfung. Erinnerungen an die Welt vor der
Sintflut. Kuratorium Lebendige Vorwelt, Hoftheim a.T., 160 pp.

Shi, C.F., Ohl, M., Wunderlich, J. & Ren, D. (2015) A remarkable new genus of Mantispidae (Insecta, Neuroptera) from
Cretaceous amber of Myanmar and its implications on raptorial foreleg evolution in Mantispidae. Cretaceous Research, 52
(B), 416-422.
http://dx.doi.org/10.1016/j.cretres.2014.04.003

Sziraki, G. (1996) Female internal genitalia of Megalithone tillyardi Riek, 1974 with comments on the systematic position of
the neuropterous families (Neuroptera: Ithonidae). Folia Entomologica Hungarica (N.S.), 57, 277-284.

Tillyard, R.J. (1916) Studies in Australian Neuroptera. No. iv. The families Ithonidae, Hemerobiidae, Sisyridae, Berothidae,
and the new family Trichomatidae; with a discussion of their characters and relationships, and descriptions of new and
little-known genera and species. Proceedings of the Linnean Society of New South Wales, 41, 269-332.

Tillyard, R.J. (1923) Descriptions of new species and varieties of lacewings (Order Neuroptera Planipennia) from New
Zealand, belonging to the families Berothidae and Hemerobiidae. Transactions and Proceedings of the New Zealand
Institute, 54, 217-225.

Tjeder, B. (1959) Neuroptera-Planipennia. The Lace-wings of Southern Africa. 2. Family Berothidae. /n: Hanstrom, B., Brinck,
P. & Rudebec, G. (Eds.), South African Animal Life. Results of the Lund University Expedition in 1950—-1951, vol. 6.
Almgqvist & Wiksell, Stockholm, pp. 256-314.

Wedmann, S. & Makarkin, V.N. (2007) A new genus of Mantispidae (Insecta: Neuroptera) from the Eocene of Germany, with a
review of the fossil record and palaeobiogeography of the family. Zoological Journal of the Linnean Society, 149, 701—
716.

Wedmann, S., Makarkin, V.N., Weiterschan, T. & Hornschemeyer, T. (2013) First fossil larvae of Berothidae (Neuroptera) from
Baltic amber, with notes on the biology and termitophily of the family. Zootaxa, 3716 (2), 236-258.
http://dx.doi.org/10.11646/zootaxa.3716.2.6

Weitschat, W. & Wichard, W. (1998) Atlas der Pflanzen und Tiere im Baltischen Bernstein. Dr. Friedrich Pfeil Verlag,

414 - Zootaxa 3946 (3) © 2015 Magnolia Press MAKARKIN & OHL


http://lacewing.tamu.edu/Species-Catalogue/

Miinchen, 256 pp., 92 pls. [English Edition: (2002) Atlas of plants and animals in Baltic amber. Dr. Friedrich Pfeil Verlag,
Miinchen, 256 pp. [92 plates]

Whalley, P.E.S. (1980) Neuroptera (Insecta) in amber from the Lower Cretaceous of Lebanon. Bulletin of the British Museum
of Natural History (Geology), 33, 157—-164.

Wichard, W. (2014) Aquatische Neuropteren im Baltischen Bernstein. DGaaE-Nachrichten, 28 (1), 1-5.

Yang, Q., Makarkin, V.N. & Ren, D. (2012a) New fossil Mesochrysopidae (Neuroptera) from the Mesozoic of China. Zootaxa,
3597, 1-14.

Yang, Q., Makarkin, V.N., Winterton, S.L., Khramov, A.V. & Ren, D. (2012b) A remarkable new family of Jurassic insects
(Neuroptera) with primitive wing venation and its phylogenetic position in Neuropterida. PLoS ONE, 7 (9), e44762.
http://dx.doi.org/10.1371/journal.pone.0044762

Yang, Q., Makarkin, V.N. & Ren, D. (2014) Two new species of Kalligramma Walther (Neuroptera: Kalligrammatidae) from
the Middle Jurassic of China. Annals of the Entomological Society of America, 107, 917-925.
http://dx.doi.org/10.1603/AN14032

BALTIC AMBER BEROTHINAE Zootaxa 3946 (3) © 2015 Magnolia Press - 415



	Abstract
	Introduction
	Material and methods
	Systematic paleontology
	Order Neuroptera Linnaeus, 1758
	Family Berothidae Handlirsch, 1906
	Subfamily Berothinae Handlirsch, 1906
	Genus Elektroberotha gen. nov.
	Elektroberotha groehni sp. nov.
	Distinctive features of Elektroberotha gen. nov.
	Subfamily affinity of Elektroberotha gen. nov.
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


