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Abstract. The phylogeny of pleasing lacewings (Neuroptera: Dilaridae) is recon-
structed for the first time based on morphological data using all fossil and extant
genera. Accordingly, a revised generic classification of Dilaridae is proposed, with a
new subfamily (i.e. Berothellinae subfam.n.) erected based on its remarkably differ-
ent morphological features from the other dilarid subfamilies. A revision of all dilarid
genera is presented, including descriptions of some little-known species from Asia
and Mid-Cretaceous Burmese amber. New genera and species herein described include
Berothella holzschuhi U. Aspöck, Liu & H. Aspöck, sp.n., Cretodilar burmanus Liu
& Zhang, gen. et sp.n., Dilar cretaceus Liu & Zhang, sp.n., Neonallachius orientalis
Liu, U. Aspöck & H. Aspöck, sp.n. and Neonallachius thailandicus Liu & Winterton,
sp.n. Two new combinations, i.e. Neonallachius krooni (Minter, 1986), comb.n. and
Neonallachius ponomarenkoi (Zakharenko, 1991), comb.n., are proposed. Evolution-
ary patterns of some important characters and the historical biogeography of Dilaridae
are also discussed.

This published work has been registered in ZooBank, http://zoobank.org/urn:lsid:
zoobank.org:pub:68836312-FBDC-4F9F-8516-2365F44596BF.

Introduction

Dilaridae, commonly called pleasing lacewings, are a small
family of distinctive neuropterans characterized by sexually
dimorphic antennae (generally unipectinate in the male and
filiform in the female), the presence of three setose tuber-
cles on the head and a narrowly elongate female ovipositor
(Fig. 1). The family is distributed in most zoogeographic regions
but is surprisingly lacking in the Australian region (Oswald,
1998). The family was originally considered to form a mono-
phylum together with Berothidae, Rhachiberothidae and Man-
tispidae as ‘the dilarid clade’ based on morphological evidence
(Aspöck et al., 2001; Aspöck & Aspöck, 2008; Beutel et al.,
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2010a,2010b; Randolf et al., 2014). However, recent molecular
phylogenetic studies suggest that Dilaridae are instead the sis-
ter group of the clade including all lacewing families except
for Coniopterygidae, Nevrorthidae, Sisyridae and Osmylidae
(Winterton et al., 2010; Wang et al., 2016). Currently, Dilaridae
comprise one extinct and four extant genera with 94 species,
subdivided into two subfamilies, i.e. Dilarinae and Nallachi-
inae (Oswald, 1998; Engel, 1999; Zhang et al., 2016). In the
classification given by Oswald (1998), only Nallachius Navás
belongs to Nallachiinae, while the remaining extant genera, i.e.
Berothella Banks, Dilar Newman and Neonallachius Nakahara,
are placed in Dilarinae, which also include the extinct genus
Cascadilar Engel from Eocene Baltic amber.

The biology of Dilaridae is poorly documented. The larvae
are known for only seven species (Gurney, 1947; MacLeod
& Spiegler, 1961; Ghilarov, 1962; Monserrat, 1988a, 2014;
Minter, 1992). Nallachius larvae (Fig. 1D) are considered to
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Fig. 1. Living pleasing lacewings (Dilaridae). (A) Dilar nobilis Zhang, Liu, Aspöck & Aspöck, male (photograph by Jiangyun Wang); (B) Dilar sp.,
female (photograph by Weiwei Zhang); (C) Nallachius americanus (McLachlan), male (photograph by Matt Bertone); (D) Nallachius americanus
(McLachlan), larva (photograph by Matt Bertone).

be predaceous and are subcorticolous on dead trees (Gurney,
1947; MacLeod & Spiegler, 1961), while the larvae of Dilar are
reported from soil samples (Ghilarov, 1962; Monserrat, 2014). It
is of interest that the adult of Berothella holzschuhi sp.n. herein
described emerged from a piece of wood. Typically nocturnal,
adult dilarids can be collected at lights, while some species are
also active in the daytime (Monserrat, 2014).

The taxonomy of Dilaridae has been intensively studied
since the early 1900s, with a monograph of the family by
Navás [1909a] (1908-1909), although the descriptions and
illustrations contained therein are of little value for identifi-
cation. After the 1950s, a series of works on Dilaridae were
published, including a review of Nallachius (Adams, 1970),
revisions of Asian and European Dilar (Aspöck & Aspöck,
1967, 1968; Aspöck et al., 1980; Monserrat, 1988a,1988b;
Oswald & Schiff, 2001), and a world catalogue of the family
(Oswald, 1998). Very recently, the knowledge of Dilaridae
has increased significantly through the works of Machado
& Rafael (2010), Zhang et al. (2014a,2014b,2014c, 2015,
2016), Monserrat (2014) and Aspöck et al. (2015). How-
ever, genera of Dilaridae (e.g. Berothella and Neonallachius)
remain poorly known. Moreover, despite the small number of

genera, the intergeneric phylogeny of Dilaridae has never been
studied.

In this paper, we provide a revision of all dilarid genera,
with descriptions of some little known species from Asia. We
erect a new subfamily of Dilaridae (Berothellinae subfam.n.)
that displays remarkably different morphological characters
compared with the other dilarid subfamilies. We also clarify
the taxonomic status of Neonallachius and some Nallachius
species previously described from the Old World. Based on
the morphological characters, a phylogeny among all extant
and fossil genera of Dilaridae is reconstructed. Accordingly, a
revised classification system of Dilaridae and biogeographical
implications are also presented.

Materials and methods

Exemplar sampling

Specimens of extant dilarids are deposited in the Entomo-
logical Museum, China Agricultural University, Beijing, China
(CAU); the Natural History Museum, London, U.K. (BMNH);
the Museum für Naturkunde, Berlin, Germany (MFN); the
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Table 1. Character matrix.

0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

Nipponeurorthus damingshanicus 0 0 0 – 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 – 0
Sisyra terminalis 0 0 0 – 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 – 0 0 1 – – 0 0 0 0 – 0
Gumilla adspersus 0 0 0 – 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 ? ? 0 0 0 0 0 – 0
Cyrenoberotha penai 0 0 0 – 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 ? ? 0 0 0 0 0 – 0
Berothella holzschuhi 1 1 0 – 1 1 0 0 0 1 1 0 1 2 1 1 0 – – 0 0 1 1 – – 0 0 0 1 0 ?
Berothella phantoma 1 1 0 – 1 1 0 0 0 1 1 0 1 2 1 1 0 – – 1 0 0 1 – – 0 0 0 1 0 ?
Berothella pretiosa 1 1 0 – 1 1 0 0 0 1 1 0 1 2 1 1 0 – – 0 0 1 1 – – 0 0 0 1 0 ?
Cascadilar eocenicus 1 2 1 0 1 1 1 2 0 1 1 1 0 ? 1 – 0 – – ? ? ? ? ? ? ? ? ? ? ? ?
Cretodilar burmanus 1 2 0 0 0 1 0 1 0 2 1 1 ? ? 1 – 0 – – ? ? ? ? ? ? ? ? ? ? ? ?
Dilar harmandi 1 2 0 0 1 1 0 2 0 1 1 1 0 1 1 – 0 – – 1 0 0 1 – – 0 0 0 1 1 1
Dilar nevadensis 1 2 0 0 1 1 0 2 0 1 1 1 0 1 1 – 0 – – 1 0 0 1 – – 0 0 0 1 1 1
Nallachius americanus 2 2 1 1 1 1 0 0 0 1 0 0 0 1 0 1 1 2 0 0 0 0 0 1 0 0 0 0 0 – 1
Nallachius pulchellus 2 2 1 1 1 1 0 0 0 1 0 0 0 1 0 1 1 2 0 0 0 0 0 1 0 0 0 0 0 – 1
Neonallachius krooni 2 2 1 0 1 1 1 0 1 2 0 0 0 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 0 – 1
Neonallachius orientalis 2 2 1 0 1 1 0 0 1 2 0 1 0 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 0 – 1
Neonallachius ponomarenkoi 2 2 1 0 1 1 0 0 1 2 0 0 0 1 0 1 1 1 1 0 1 0 1 – 0 1 1 1 0 – 1
Neonallachius thailandicus 2 2 1 0 1 1 0 0 1 2 0 0 0 1 0 1 1 1 1 0 0 0 1 – 0 1 1 0 0 – 1

Museum of Comparative Zoology, Harvard University, Cam-
bridge, MA, U.S.A. (MCZ); the Zoological Institute, Russian
Academy of Sciences, St.Petersberg, Russia (ZIN); the Califor-
nia State Collection of Arthropods, California Department of
Food and Agriculture, Sacramento, CA, U.S.A. (CDFA); the
Essig Museum of Entomology, University of California, Berke-
ley, CA, U.S.A (EMEC); and the Collection of Hubert and
Renate Rausch, Scheibbs, Austria (CHRR).

The Burmese amber with inclusions of dilarids investigated
here originated from the Hukawang Valley in Tanai Town-
ship, Myitkyina District of Kachin State, Myanmar. The age
of this deposit has been dated at 98.8± 0.6 million years old
(ma) (Albian-Cenomanian) using Uranium-lead (U-Pb) dating
of zircons from the volcaniclastic matrix of the amber (Shi
et al., 2012). Type specimens of new Burmese amber dilar-
ids are currently housed in the Entomological Museum, China
Agricultural University (CAU), Beijing, China, and will eventu-
ally be deposited in the Three Gorges Entomological Museum
(EMTG), Chongqing, China. The type of Cascadilar eocenicus
Engel from Eocene Baltic amber is deposited in the Entomolog-
ical Collection of California Academy of Sciences, San Fran-
cisco, CA, U.S.A. (CASC).

Photographs and drawings were prepared using a Zeiss
SteREO Discovery V12 stereomicroscope system (Germany),
a DM 2000 Leica microscope (Germany), and a Nikon D800
digital camera (Japan). The terminology of wing venation gen-
erally follows Adams (1970) and Kukalová-Peck & Lawrence
(2004) except for the interpretation of anal veins, for which we
do not consider anal anterior (AA) and anal posterior (AP) due
to the unclear anal fold. Terminology of male genitalia follows
Aspöck et al. (1980) and Aspöck & Aspöck (2008). The abbrevi-
ations used for wing veins are as follows: A, anal vein; C, costa;
Cu, cubitus; CuA, cubitus anterior; CuP, cubitus posterior; M,
media; MA, media anterior; MP, media posterior; R, radius; RA,
radius anterior; RP, radius posterior; ScP, subcosta posterior.

Phylogenetic analysis

The present phylogenetic analysis aims to reconstruct the rela-
tionships among genera of Dilaridae. We included species of all
extant and fossil genera of the family. For genera with a small
number of species, we included all species except for the type
species of Neonallachius (i.e. Neonallachius annandalei Naka-
hara), which was not available for study. For Dilar, containing
a relatively large number of species, we selected two represen-
tative species for the analysis [i.e. Dilar harmandi (Navás) and
Dilar nevadensis Rambur], while all the Old World species of
Nallachius previously described were included together with
two Neotropical Nallachius species [i.e. Nallachius americanus
(McLachlan) and Nallachius pulchellus (Banks)]. In total, we
included 13 ingroup taxa. For outgroups, we included Nip-
poneurorthus damingshanicus Liu, Aspöck & Aspöck (Nevror-
thidae), Sisyra terminalis Curtis (Sisyridae), Gumilla adsper-
sus Navás (Osmylidae) and Cyrenoberotha penai MacLeod &
Adams (Berothidae), as Nevrorthidae, Sisyridae and Osmyl-
idae represent relatively basal families of Neuroptera (Wang
et al., 2016), and Berothidae represents a member of the former
dilarid clade (Aspöck & Aspöck, 2008). Specimens of all taxa
except Nallachius krooni Minter were examined by the authors,
while the character states of N. krooni were determined based on
detailed illustrations in Minter (1986).

The morphological characters used in the phylogenetic anal-
ysis comprise 31 adult characters (see Appendix). Unknown
characters were coded as ‘?’, and inapplicable characters
as ‘–’. The data matrix is given in Table 1. All charac-
ters were treated as unordered and with equal weight. Anal-
yses were performed using tnt ver. 1.1 (Goloboff et al.,
2008) with a ‘traditional’ search (random seed= 1, 100 repli-
cates, Tree-bisection-reconnection (TBR), 10 trees saved per
replication). Bremer support values and bootstrap values were
calculated with the function implemented in tnt (setting for
calculation of Bremer support values: TBR from existing trees,
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Fig. 2. Phylogeny of Dilaridae. Topology represents the strict consensus tree from the two most parsimonious trees yielded in tnt. Unambiguous
morphological characters state changes are shown on the tree, with a black square as the nonhomoplasious state and a white square as the homoplasious
state. Bremer support values/bootstrap values are shown at relevant nodes. Lineages with pectinate male antennae are highlighted by a red bar
(Nallachiinae and Dilarinae), while those with nonpectinate male antennae are highlighted by a blue bar (Berothellinae).

retain trees suboptimal by ten steps; setting for calculation
of bootstrap values: standard resampling with 1000 replicates
under traditional search). Synapomorphies were mapped on the
strict consensus tree, showing only unambiguous changes.

Results

The parsimony analysis yielded two most parsimonious
trees (length= 48, consistency index= 0.771, retention
index= 0.893), while topological differences between them
only refer to the relationships among the outgroup taxa. The
strict consensus tree is shown in Fig. 2. All ingroup dilarids
form a monophylum supported by the following synapomorphic
characters: pectinate male antennae [character 2: state 2 (char.
2:2)], shortened mouthparts (char. 5:1), pronotum with setose
tubercles (char. 6:1), internal male gonocoxites 9 proximally
associated with gonocoxites 11 (char. 14:1), paired male ecto-
procts (char. 16:1) and an elongated ovipositor (char. 31:1) (see
Fig. 3 for structures). However, there is still no synapomorphic

character that is only present in all species of Dilaridae. The
pectinate male antennae and elongated ovipositor, which are
important diagnostic characters of Dilaridae, either are not
constant within the family or are also shared by some other
lacewing groups. For example, the male pectinate antenna is
shared by a fossil group of Psychopsoidea (Lu et al., 2016),
while the elongated ovipositor is shared by the mantispid sub-
family Symphrasinae (Liu et al., 2015) and the fossil family
Kalligrammatidae (Yang et al., 2014). Nevertheless, these fea-
tures should be independently evolved among these groups and
here support the monophyly of Dilaridae.

Within Dilaridae, Nallachius and Neonallachius form a mono-
phyletic Nallachiinae, which is supported by the presence of
differently sized setose tubercles on the head (char. 1:2). The
New World species of Nallachius are monophyletic based on
the following synapomorphic characters: presence of one to two
unbranched distal flagellomeres (char. 4:1) and gonapophyses
10 fused into a long median lobe (char. 24:1). Neonallachius
represents a monophyletic group supported by the absence of
forewing subcostal crossveins (char. 9:1), reduction of forewing
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A B

C D

Fig. 3. Male genitalia of Dilaridae. (A) Berothella (B. holzschuhi sp.n.), dorsal view; (B), Dilar (D. septentrionalis Navás), dorsal view; (C)
Neonallachius (N. orientalis sp.n.), ventral view; (D). Nallachius (N. pulchellus (Banks)), dorsal view. Light blue, gonocoxites 9; dark blue, gonostyli 9;
light red, gonocoxites 10; dark red, gonapophyses 10; light green, gonocoxites 11. The arrow indicates character state used in the phylogenetic analysis
and indicated in the text.

scp-ra crossveins (char. 10:2) and male ectoprocts posteriorly
narrowed (char. 19:1) with a broadly shield-like fused gonocox-
ite 11 with lateral projections (char. 26:1 and 27:1). The remain-
ing dilarids, comprising Berothellinae subfam.n. and their sister
group Dilarinae, represent a monophyletic group supported by
the male tergum 9 with paired semitergites (char. 11:1), reduc-
tion of male ectoprocts (char. 15:1), absence of callus cerci (char.
17:0) and presence of male supraanale (char. 29:1). Autapomor-
phies of Berothellinae subfam.n. include thick filiform male
antenna (char. 2:1), reduction of male sternum 9 (char. 13:1)
and male gonocoxites 9 distally fused with the inner portion
of tergum 9 (char. 14:2). The monophyly of Dilarinae is sup-
ported only by the forewing MA proximally separated from R
but not from RP (char. 8:1), and the male tergum 9 strongly
concaved anteriorly (char. 12:1). Within Dilarinae, the relation-
ships among Cascadilar, Cretodilar gen.n. and Dilar were not
resolved. The autapomorphy of Cascadilar may be supported
by the reduction of the number of flagellomeres (char. 3:1) and
the absence of forewing median nygma (char. 7:1), while that of
Cretodilar gen.n. may be supported by the reduction of forewing
scp-ra crossveins (char. 10:2).

Discussion

Phylogeny

The classification of Dilaridae originally proposed in Navás
(1914), with subsequent revisions by Adams (1970) and Oswald
(1998), has been widely used for over 100 years. However, the
proposed classification herein is the first resulting from a rig-
orous phylogenetic analysis. Primarily, different combinations
of characters derived from head and wing venation states are
important to define the dilarid subfamilies. Dilarinae is char-
acterized by a head with three equally sized setose tubercles,
pectinate male antennae and the forewing MA originating on the
stem of R. Nallachiinae is characterized by the head with three
differently sized setose tubercles, pectinate male antennae, and
the forewing MA originating on RP. Berothellinae subfam.n. is
distinguished from the other subfamilies based on the combina-
tion of the head with three equally sized setose tubercles, thick
filiform male antennae, and the forewing MA originating on RP.
The respective monophyly of these three subfamilies is corrob-
orated by our results, although Nallachiinae possess only one
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synapomorphic character (i.e. presence of three differently sized
tubercles on the head) while having a number of plesiomorphic
characters, such as the forewing MA separating from RP and the
presence of well developed male ectoprocts with callus cerci.

Evolution of significant characters

In light of this phylogenetic framework for Dilaridae, our
understanding of the evolution of pectinate male antenna in
this family requires adjustment. Discovery of the thick filiform
male antenna of Berothellinae subfam.n. demonstrates that
the pectinate male antenna is not diagnostic of all dilarids.
Meanwhile, it is now clear that the unipectinate male antenna
evolved at least by the Mid-Cretaceous based on new fossil
evidence presented here. Considering the phylogenetic postion
of Berothellinae subfam.n. in Dilaridae, it is likely that the thick
filiform male antenna was derived from a unipectinate male
antenna of an ancestral dilarid.

In addition, it is noteworthy that the spectacular fossil
lacewing genus Cretanallachius Huang et al., was originally
described in Dilaridae primarily by the presence of male pecti-
nate antenna (Huang et al., 2015). Lu et al. (2016) removed
Cretanallachius from Dilaridae based on a number of morpho-
logical characters, e.g. absence of setose tubercles on head and
pronotum, absence of nygmata, posteriorly curved ScP vein and
the male genitalia with external, broadly valvate, setose gono-
coxites 9. Moreover, in Cretanallachius the male antennae are
bipectinate and the mouthparts are specialized into a siphonate
form, which are fundamentally different from that found in
Dilaridae. Nevertheless, the present placement of Cretanallchius
in the superfamily Psychopsoidea, currently represented by a
single family Psychopsidae (silky lacewings), requires further
examination.

Considering the evolution of male genitalia of Dilaridae, the
spectacular dorsal sclerite in the male genitalia of Berothella,
here treated as the supraanale, is interpreted (based on posi-
tional homology) as homologous to a differently shaped sclerite
of Dilar; this apomorphy supports the sister-group relationship
between Berothellinae subfam.n. and Dilarinae (Fig. 3). The
supraanale of Dilar (see, e.g., Aspöck et al., 1980: figs 428, 429,
446–449) had been interpreted by Aspöck & Aspöck (2008) as
the modified ectoproct based on the following arguments: (i) the
ectoprocts of the genus Nallachius show a tendency for varying
modification (see, e.g., Adams, 1970: figs 5A, 7, 9D); and (ii)
there is no typical ectoproct in Dilar – instead there is a com-
plex sclerite that cannot be homologized with any other genital
sclerite belonging to the typical neuropteran genital armature.
Instead of hypothesizing a newly evolved sclerite, it is more
plausible to assume the modification of the existing ectoproct.
Concerning the supraanale of Berothella, the same philosophy
seems appropriate, namely preferring to hypothesize the modi-
fication of an otherwise lacking ectoproct. Nevertheless, as the
shape of supraanale in Berothella is highly dissimilar to the cor-
responding homologous sclerite in Dilar, we reinstitute the neu-
tral terminus ‘supraanale’ for both taxa in the present study. In
addition, it is notable that there is a broadly shield-like internal

sclerite with complicated modifications (i.e. complex of gono-
coxites 9 and 11, see Fig. 3C) in Neonallachius. Therefore, we
cannot exclude the possibility that the supraanale is homologous
with part of the aforementioned sclerite. Consequently, the ques-
tion remains: where does the supraanale come from, if it does not
represent a modified ectoproct?

Biogeography

The distribution pattern of Dilaridae genera (Fig. 4) is notice-
able not only by their absence in the Australian region, but
also by their disjunct distribution. In Nallachiinae, Nallachius
is confined to the Nearctic and the Neotropical regions, while
Neonallachius is disjunctly distributed in tropical Africa, South
Asia and Indochina. Berothellinae subfam.n., represented by
Berothella, is distributed throughout the Malay Peninsula,
Hainan Island, and northern Indochina. Dilarinae are widespread
in the Palaearctic and Oriental regions (mainly in Eurasia), and
they have occurred in Eurasia since the Mid-Cretaceous. Inter-
estingly, all fossil dilarids known so far belong to Dilarinae and
were found only in Eurasia.

The divergence of Dilaridae from other neuropteran families is
estimated to have occurred during the Late Permian to Early Tri-
assic (Winterton et al., 2010; Wang et al., 2016), which suggests
that ancestral dilarids were widely distributed in Pangaea at that
time. The breakup of Pangaea, which initially took place in the
Early-Middle Jurassic (∼180 ma), ultimately giving rise to the
supercontinents Laurasia and Gondwana, is held to account for
the diversification of various faunas during the Mesozoic (San-
martín et al., 2001; Sanmartín and Ronquist, 2004; Grimaldi
and Engel, 2005). Assuming an extensive Pangaean distribu-
tion of ancestral dilarids, the diversification within Dilaridae
could have been affected by the sequential breakup of Pangaea.
Based on molecular data, the divergence between Dilar and
Nallachius is estimated as taking place in the Early Cretaceous
(∼137 ma) (Wang et al., 2016), with a subsequent split between
Nallachiinae and Berothellinae subfam.n.+Dilarinae. It is rea-
sonable to postulate that this divergence was possibly correlated
to the separation of Laurasia and Gondwana (Fig. 4). More-
over, this scenario could explain why Nallachiinae are mainly
confined to the regions that previously belonged to Gondwana
(e.g. Africa, South America, and India) and why Berothellinae
subfam.n.+Dilarinae mainly occur in the Eurasia. In addition,
the lack of any fossil of Nallachiinae from the northern hemi-
sphere might also suggest the past absence of this subfamily in
Laurasia.

In light of the predicted Gondwanan origin of Nallachiinae,
the divergence between Nallachius and Neonallachius might be
attributed to the landmass separation during the Early Creta-
ceous between eastern Gondwana (Africa, India, Madagascar),
where only Neonallachius occurs, and western Gondwana (all
other southern landmasses) where only Nallachius occurs (San-
martín & Ronquist, 2004; Grimaldi & Engel, 2005). The north-
ward drift of India could have brought the common ancestor of
Neonallachius to Asia and subsequent dispersal might account
for the occurrence of this genus in the Indochina Peninsula.
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A

B

Fig. 4. Chronogram showing intergeneric relationships within Dilaridae. (A) Phylogeny among genera – topology identical to that in Fig. 2; (B)
distribution of genera. The colour of the square or circle in panel A corresponds to the colour of the distribution area of each genus in panel B. In
Dilar and Nallachius whole countries from which records are available have been coloured, although large parts within some of these countries do
not harbour Dilaridae. Divergence between Nallachiinae and Berothellinae subfam.n.+Dilarinae refers to the time of divergence between Nallachius
and Dilar estimated during ∼137 Ma (Wang et al., 2016); divergence between Nallachius and Neonallachius was unpredicted due to lack of any fossil
or molecular divergence time estimate; divergence among genera within Berothellinae subfam.n.+Dilarinae is predicted to be no later than 100 Ma,
at which time Dilar had diverged based on the present fossil evidence from Burmese amber. The dashed line indicates divergence without estimation
using molecular data.

Considering that the major diversity of Nallachius is restricted
to the Neotropical region, the presence of only two species in
North America is probably due to recent northward dispersal
through the Central American land bridge (∼3.5 Ma), which is
considered to be the most significant event of faunal exchange

between South and North America after their separation in
the Mesozoic (Jonhson & Weckstein, 2011). Alternatively, the
divergence between Nallachius and Neonallachius might also
have taken place more recently if considering the Early Tertiary
faunal exchange via the Beringian Bridge that is thought to form
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disjunct grographical distributions of some organisms between
Asia and North America (Sanmartín et al., 2001). At any rate,
the two hypotheses should be tested by a molecular approach in
a future study.

Likewise, there is also no argument to correlate the diver-
gence between Berothellinae subfam.n. and Dilarinae with any
tectonic drift or major vicariance events. The diversification
of Berothella and its present disjunctive distribution, however,
might be a case caused by some island formations in South-
east Asia, such as the formations of the Malay Peninsula and
the Hainan Island. This hypothesis was previously proposed to
explain similar distribution patterns of some genera of Cory-
dalidae from the Oriental region (Liu et al., 2012, 2015). It is
premature to infer any pattern of divergence within Dilarinae,
but it is of great interest for future study.

Systematics

Key to genera of Dilaridae
1. Forewing MA separating from R just at or proximad separa-
tion of RA and RP (Figs 7D, 8D) . . . . . . . . . . . . . . . (Dilarinae) 2
– Forewing MA separating from RP (Fig. 5F) . . . . . . . . . . . . . . 4
2. Mouthparts short (Fig. 7B); forewing subcostal space with
two or more crossveins (Fig. 7D); MA separating from R
distinctly proximad separation of RA and RP (Fig. 7D) . . . . . . 3
– Mouthparts relatively well developed (Fig. 8B);
forewing subcostal space with only one distal crossvein
(Fig. 8D); MA separating from R just at separation
point of RA and RP (Fig. 8D); Mid-Cretaceous Burmese
amber . . . . . . . . . . . . . . . . . . . . . .Cretodilar Liu & Zhang, gen.n.
3. Forewing with one proximal and one median nygma (Fig. 9E);
Asia, Europe and northern Africa . . . . . . . . . . . . . Dilar Rambur
– Forewing with only one proximal nygma (Fig. 7D); Eocene
Baltic amber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cascadilar Engel
4. Head with three equally sized setose tubercles (Fig. 5C);
male antenna non-pectinate, but thickly filiform (Fig. 5B); stem
of hindwing MA connecting to RP (Fig. 5F); male genitalia
with reduced ectoprocts, but with a large, shield-like supraanale
(Fig. 6A); southeastern Asia . . . . . . . . . . . . . . . . . . (Berothellinae
Liu, U. Aspöck & H. Aspöck, subfam.n.) Berothella Banks
– Head with three differently sized setose tubercles, antero-
median one much larger than remaining posterolateral ones
(Fig. 10B); stem of hindwing MA connecting to R or absent
(Fig. 10D); male antenna with pectinate flagellum (Fig. 10B);
male genitalia with well developed, paired ectoprocts
(Fig. 11A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (Nallachiinae) 5
5. Male antenna with one to two distal nonpectinate flagel-
lomeres (Adams, 1970: fig. 9A); male forewing usually sub-
triangular (Adams, 1970: fig. 3); male fused gonocoxites 11
arcuate, without posteromedian projection (Fig. 3D); a slen-
derly elongate median lobe present between male gonocoxites
10 (Fig. 3D); North to South America . . . . . . Nallachius Navás
– Male antenna with three to five distal non-pectinate flagellom-
eres; male forewing ovoid (Fig. 10D); male fused gonocoxites
11 broadly shield-like, mostly with one or paired posteromedian
projections (Fig. 11); no elongate median lobe present between

male gonocoxites 10 (Fig. 11); southern Africa and southeastern
Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Neonallachius Nakahara

Family Dilaridae Newman

Subfamily Berothellinae Liu, U. Aspöck & H. Aspöck,
subfam.n.
(Figs 5, 6)

http://zoobank.org/urn:lsid:zoobank.org:act:DD410F52-
0D55-4333-A9F3-A8D6EE5AB181

Type genus. Berothella Banks, 1934: 567.

Diagnosis. Male antenna relatively thick, filiform (Fig. 5B).
Head with three equally sized setose tubercles (Fig. 5C). Mouth-
parts short (Fig. 5A). Forewing (Fig. 5A): One proximal and
one median nygma present; trichosores present among costal
crossveins on distal half of costal space and among marginal
forks of RA, RP, MA, MP, CuA and/or CuP; maximum width of
male forewing costal space 0.5–1.1× maximum width of radial
space; RP with four or five main branches; MA proximally fused
with RP for a short distance, and distally deeply forked around
its midpoint; subcostal space without crossvein; only one gra-
date series of crossveins present at middle. Hindwing with stem
of MA oblique and connecting to RP. Male genitalia (Fig. 6):
Tergum 9 dorsally with a deep, narrow posterior incision, leav-
ing a pair of broad hemitergites; each hemitergite posteriorly
having one or two short spines (putative remnant of ectoproct,
although these spines may just be spines of tergum 9); lateral
portion of hemitergite specialized as a broad lobe aside central
part, which is indicated by an arcuate apodeme and sometimes
has internal connection (putative remnant of gonocoxites 9) with
gonocoxites 11; lateral lobe posteriorly bearing an articulated,
hook-like projection (putative gonostylus 9). Sternum 9 reduced.
Gonocoxites 10 present as a pair of slenderly elongate sclerites.
Fused gonocoxites 11 (= gonarcus) narrow and arcuate, anteri-
orly convexed. A broad shield-like supraanale present at dorsal
portion of the genitalia, with base largely inserted into tergum 9.

Included genus. Berothella Banks (three spp.).

Biology. Possibly Berothella species develop in wood (see
Biology under Berothella holzschuhi U. Aspöck, Liu & H.
Aspöck, sp.n.).

Distribution. This subfamily is currently known only from a
few countries of East and Southeast Asia, including China, Laos
and Malaysia.

Remarks. Berothella is the only genus of Dilaridae known
where the male antennae are not pectinate. This genus was orig-
inally placed in Berothidae by Banks (1934) and subsequently
transferred to Dilaridae by MacLeod & Adams (1967), although
no justification was provided for this transfer. Based on previous
knowledge of Dilaridae, the most typical morphological features
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Fig. 5. Species of Berothella Banks. (A–C) Berothella holzschuhi U. Aspöck, Liu & H. Aspöck, sp.n., holotype male: (A) habitus, lateral view; (B)
head, lateral view; (C) head, frontal view. (D–F) Berothella phantoma Banks, holotype male: (D) habitus, lateral view; (E) head, lateral view; (F) fore-
and hindwing. (G–I) Berothella pretiosa Banks, holotype male: (G) habitus, lateral view; (H) forewing; (I) hindwing. The arrow indicates the character
state used in the present phylogenetic analysis. Scale bars: 1.0 mm (A, B); 0.5 mm (C).

to define the family include the unipectinate male antennae, the
presence of three setose and ocelli-like tubercles, and the elon-
gated ovipositor. In Berothella, the male antennae are nonpecti-
nate, and the feature of ovipositor is unknown, as the female of
this genus has not been collected. However, the presence of three
cephalic tubercles and nygmata in Berothella immediately sug-
gests the dilarid affiliation of this genus. More importantly, the
male genitalia of Berothella share a number of similarities with
Dilar, including tergum 9 with a deep posteromedian incision,
beam-shaped fused gonocoxites 11 (= gonarcus), reduction of
ectoprocts, and presence of supraanale. Therefore, the place-
ment of Berothella in Dilaridae is appropriate. Irrespective of the
nonpectinate male antennae, Berothella appears to represent an
intermediate form between Dilarinae and Nallachiinae in light
of its male genitalia being generally similar to that of Dilarinae
and its wing venation resembling that of Nallachiinae (e.g. the
relatively narrow forewing costal space, and the forewing MA
proximally fused with RP). In addition, although the male gen-
italia of Berothella and Dilar show some similarity, the feature
of gonocoxites 9 is fundamentally different in these two genera.
In Berothella the male gonocoxites 9 partly amalgamate with
tergum 9, forming a pair of large external lateral lobes distally

equipped with a pair of claw-like projections (putative gonostyli
9). In Dilar the male gonocoxites 9 are a pair of internal scle-
rites, without any fusion with tergum 9. Based on these features,
we erect a new dilarid subfamily, i.e. Berothellinae subfam.n.,
based on this spectacular genus.

Genus Berothella Banks, 1934
(Figs 5, 6)

Berothella Banks, 1934: 567. Type species: Berothella phan-
toma Banks, 1934: 568 (monotypy).

Diagnosis. As for the subfamily.

Distribution. Asia (China, Laos, Malaysia).

Berothella holzschuhi U. Aspöck, Liu & H. Aspöck, sp.n.
(Figs 5A–C, 6A–C)

http://zoobank.org/urn:lsid:zoobank.org:act:BE449BC9-
8B6E-4236-B13C-64172B6018CB
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Fig. 6. Male genitalia of Berothella species. (A–C) Berothella holzschuhi U. Aspöck, Liu & H. Aspöck, sp.n.: (A) dorsal view; (B) ventral view; (C)
lateral view. (D–F) Berothella phantoma Banks: (D) dorsal view; (E) ventral view; (F) lateral view. (G–I) Berothella pretiosa Banks: (G) dorsal view;
(H) ventral view; (I) lateral view. T9, tergum 9; e, ectoproct; gx9–11, gonocoxites 9–11; gst9, gonostylus 9; hi, hypandrium internum; sa, supraanale.
The arrow indicates the character state used in the present phylogenetic analysis. Scale bar: 0.5 mm.

Diagnosis. Forewing with a few yellowish brown markings,
which are scattered on proximal and distal parts, but fused into a
transverse band in the middle; forewing MP without any fusion
with CuA. Hemitergite of male tergum 9 with two short spines,
laterally bordered with a subquadrate lobe, which posteriorly
bears an articulated, hook-like projection; male gonocoxites 10
present as a pair of slenderly elongate sclerites, with apices
recurved anteriad, and with bases distantly apart from lateral
ends of gonocoxites 11; supraanale not incised posteriorly.

Description. Male. Forewing length 7.1 mm, hindwing length
6.9 mm.

Head pale brownish, with three yellow setose tubercles, all
of which are similar in size. Compound eyes black, golden

speckled. Antennae thickly filiform, with about 40 flagellom-
eres, right one broken with about 20 flagellomeres left; flagellum
yellowish, scape and pedicel darker. Mouthparts yellowish.

Pronotum yellowish-brown, with two pairs of setose yel-
lowish tubercles on anterior and lateral margins; meso- and
metathorax yellowish brown, with long setae. Legs yellow,
with long setae. Wings densely setose, forewing only partly
transparent, predominantly covered with brownish markings,
forming a brownish transverse band proximal to dark spot
around nygma. Two nygmata present, at base and middle, the
latter one surrounded by the above-mentioned dark brown mark-
ing. Hindwing transparent without markings. Veins yellow.
Forewing venation: RP with four branches; MA separating from
RP, distally with five branches; MP proximally separated into
two branches, each forked at about distal third; CuA and CuP
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distally forked; A2 distally pectinate. A distal scp-ra crossvein
present posteriad pterostigmal area; six ra-rp crossveins present.

Abdomen with pregenital segments damaged. Tergum 9 in
dorsal view with a deep, narrow posterior incision, leaving a
pair of broad hemitergites; each hemitergite posteriorly having
two short spines (putative remnant of ectoproct); lateral portion
of hemitergite raised as a subquadrate lobe aside central part,
which is indicated by a straight apodeme; lateral lobe posteriorly
bearing an articulated, claw-like projection (putative gonostylus
9). Sternum 9 reduced into membrane. Gonocoxites 10 present
as a pair of slenderly elongate sclerites, which are closely spaced
proximally and distally recurved anteriad. Fused gonocoxite
11 (= gonarcus) straightly beam-shaped, lateral ends widely
apart from bases of gonocoxites 10. Supraanale shield-like,
apilose, attenuate posteriad, and slightly curved dorsad at tip.
Hypandrium internum subtrapezoidal in ventral view, with a pair
of posteriorly convergent ridges.

Female. Unknown.
Type material. Holotype ♂, ‘LAOS-N, Prov. Phongsaly/Stadt

Phongsaly, Umgebung/21∘41′–42′ N 102∘06′–08′ E, 1500 m,
28.05. – 20.06.2003, Carolus Holzschuh leg.//1.11.2003
geschlüpft, aus Holz v. Laos, leg. C. Holzschuh’ (CHRR).

Etymology. This species is dedicated to the coleopterologist
Carolus Holzschuh (Carinthia, Austria), who has contributed
significantly to the knowledge of the insects of Laos.

Biology. The only known specimen of this species hatched
from a piece of wood.

Distribution. Laos (Phongsaly).

Remarks. The new species appears to be closely related to
B. pretiosa by having similar male gonocoxites 10, which are
recurved distally and have the bases distantly apart from the
lateral ends of fused gonocoxites 11. However, it can be distin-
guished from B. pretiosa by the presence of two small spines on
the posterodorsal margin of hemitergite 9 and by the supraanale
that is not incised posteriorly. In B. pretiosa, there is only one
large spine on the posterodorsal margin of each hemitergite 9,
and the supraanale is narrowly and deeply incised posteriorly.

Berothella phantoma Banks, 1934
(Figs 5D–F, 6D–F)

Berothella phantoma Banks, 1934: 568. Type locality:
Malaysia (Selangor: Bukit Kutu).

Diagnosis. Forewing with a few yellowish brown markings,
which are scattered on proximal and distal parts, but fused into
a transverse band at middle; forewing MP with posterior branch
partially fused with CuA. Hemitergite of male tergum 9 distally
with two short spines, laterally bordered with a broadly ovoid
lobe, which posteriorly bears an articulated, hook-like projec-
tion; male gonocoxites 10 present as a pair of slenderly elon-
gate sclerites, which are slightly curved and directed medially,

with apices slightly widened and curved dorsad, and with bases
approximating lateral ends of gonocoxites 11; supraanale not
incised posteriorly. See detail re-description in File S1.

Distribution. Malaysia (Selangor).

Berothella pretiosa Banks, 1939
(Figs 5G–I, 6G–I)

Berothella pretiosa Banks, 1939: 469. Type locality: China
(Hainan: Ta-han).

Diagnosis. Forewing with a few yellowish brown markings,
which are scattered on proximal and distal parts, but fused into a
transverse band at middle; forewing MP without any fusion with
CuA. Hemitergite of male tergum 9 distally with a long spine,
laterally bordered with a subquadrate lobe, which posteriorly
bears an articulated, hook-like projection; male gonocoxites 10
present as a pair of slenderly elongate sclerites, with apices
recurved anteriad, and with bases distantly apart from lateral
ends of fused gonocoxites 11; supraanale deeply concaved
posteriorly. See detail re-description in File S2.

Distribution. China (Hainan).

Subfamily Dilarinae Newman, 1853
(Figs 7–9)

Type genus: Dilar Rambur, 1838: 445.

Diagnosis. Male antenna with unipectinate flagellum; more
than three distal filiform flagellomeres present (Fig. 7B). Head
with three equally sized setose tubercles. Mouthparts short
(Fig. 7B), but relatively long in some fossil species (Fig. 8B).
Forewing (Fig. 9): One or two proximal and one median nygma
usually present, but median nygma absent in Cascadilar; tri-
chosores generally present among most costal crossveins and
among marginal forks of RA, RP, MA, MP, CuA and CuP, but
trichosores on costal space sometimes largely reduced; maxi-
mum width of male forewing costal space 1.5–3.0× maximum
width of radial space; RP with four to eight main branches;
MA proximally fused with R, and distally forked at distal third;
subcostal space usually with several crossveins; generally two
gradate series of crossveins, present at middle and distal thirds.
Hindwing with stem of MA sinuate and connecting to RP. Male
genitalia (Fig. 3B): Tergum 9 dorsally with a deep, broad pos-
terior incision, leaving a pair of broad hemitergites. Sternum 9
slightly reduced, feebly sclerotized. Gonocoxites 9, 10 and 11
associated as an internal complex of sclerites, comprising two
pairs of posteriorly directed sclerites (i.e. gonocoxites 9 and 10)
and a transverse sclerite (representing the fused gonocoxites 11,
the former gonarcus). A broad supraanale present on dorsal por-
tion of genitalia.

Included genera. Cascadilar Engel (one sp.); Cretodilar Liu
& Zhang, gen.n. (one sp.); Dilar Rambur (69 spp.).
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Fig. 7. Cascadilar eocenicus Engel, holotype male. (A) Habitus, dorsal view; (B) head, lateral view; (C) abdomen, dorsolateral view; (D) drawing of
left fore- and hindwing; (E) drawing of right fore- and hindwing. The arrows indicate the following: in (A), proximal nygma on forewing; (B) the short
mouthparts; (C) the hemitergites of tergum 9. Scale bars: 1.0 mm (A, D, E) and 0.5 mm (B, C).

Distribution. All extant species are distributed in parts of
Asia, Europe or northern Africa, confined to the Palaearctic
and Oriental regions. Fossil species are currently known from
the Mid-Cretaceous amber of Myanmar and the Eocene Baltic
amber.

Genus Cascadilar Engel, 1999
(Fig. 7)

Cascadilar Engel, 1999: 823. Type species: Cascadilar
eocenicus Engel, 1999: 824 (monotypy).

Diagnosis. Body small-sized (forewing length 3.7 mm). Male
antenna with unipectinate flagellum, distal four flagellom-
eres filiform (Fig. 7B). Forewing (Fig. 7D, E): Proximal
nygma present, median nygma absent; trichosores present along
almost entire wing margin, but absent among proximal costal
crossveins; RP with four main branches; MA proximally fused

with R proximad separation of RA and RP; costal crossveins all
simple; subcostal space with a few crossveins. Hindwing narrow,
without nygmata. Male genitalia (Fig. 7C): Tergum 9 dorsally
with a deep, broad posterior incision, leaving a pair of broad
hemitergites; ectoprocts invisible, probably reduced.

Distribution. This genus is presently known only from the
Eocene Baltic amber.

Remarks. Engel (1999) described this genus and assigned
it to Dilarinae based on the forewing MA fused with R
proximad separation of RA and RP, but he noted that this
genus is distinguished from other dilarine genera by the pres-
ence of two lateral processes on the male antennomere 3,
the relatively well-developed mouthparts, and the absence of
forewing nygmata. Based on our re-examination of the holo-
type of C. eocenicus, the antennomere with two lateral processes
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Fig. 8. Cretodilar burmanus Liu & Zhang, gen. et sp.n., holotype male. (A) Habitus, lateral view; (B) head, lateral view; (C) proximal part of forewing;
(D) drawing of left forewing. The arrows indicate the following: in (B), the relatively long mouthparts; (C) the separation point of RP and MA. Scale
bars: 1.0 mm.

actually comprise two antennomeres. The presence of two lat-
eral processes on the male antennomere 3 is actually due to
fusion of antennomeres 3–4, which is occasionally found in
some species of Dilar, e.g. Dilar macleodi Oswald & Schiff and
Dilar lineatus Zhang, Liu & Winterton. The mouthparts of Cas-
cadilar are also short, but not as well developed as those in Cre-
todilar gen.n. The only remarkable difference in the wings dis-
tinguishing Cascadilar from Dilar is the absence of the median
nygma. However, further specimens need to be examined to con-
firm whether there is variability of nygmata among species or
conspecific individuals.

Genus Cretodilar Liu & Zhang, gen.n.
(Fig. 8)

http://zoobank.org/urn:lsid:zoobank.org:act:5E6C48F5-
6197-4E49-8FCF-B1F9EE3A0355

Type species: Cretodilar burmanus Liu & Zhang, sp.n.

Diagnosis. Body medium-sized (forewing length 7.4 mm).
Male antenna (Fig. 8B) with unipectinate flagellum, distal six
flagellomeres filiform. Mouthparts well developed (Fig. 8B).
Forewing (Fig. 8D): One proximal and one median nygma
present; trichosores present among most costal crossveins and

among marginal forks of RA, RP, MA, MP, CuA and CuP;
ScP terminally with a short veinlet (distal scp-ra crossvein)
bending toward RA, no other subcostal crossveins present; RP
with eight main branches; MA proximally weak, fused with R
just at separating point of RA and RP, and distally forked at about
distal third. Male genitalia: Tergum 9 dorsally with a deep, broad
posterior incision, leaving a pair of broad hemitergites.

Distribution. The new genus is known only from the
Mid-Cretaceous amber of Myanmar.

Etymology. The generic name is a combination of ‘Cret-’
(Cretaceous) and Dilar (type genus of Dilaridae). Gender:
Masculine.

Remarks. This genus is placed in Dilarinae by the forewing
MA and RP both originating on R and the male tergum 9
separating into a pair of broad hemitergites. However, it differs
from Cascadilar and Dilar by the well-developed mouthparts
(mouthparts relatively short in the latter genera), the forewing
subcostal space without crossvein (forewing subcostal space
with two or more crossveins in the latter genera), and the
forewing MA and RP originating on R nearly from same position
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Fig. 9. Dilar cretaceus Liu & Zhang, sp.n., holotype female. (A) Habitus, ventrolateral view; (B) head, lateral-frontal view; (C) photograph of
abdomen, lateral view; (D) drawing of proximal part of genitalia, lateral view; (E) drawings of right fore- and hindwing; (F) drawing of left fore-
and hindwing. The arrow in (B) indicates the three equally sized setose tubercles. lbp, labital palpus; md, mandible; mxp, maxillary palpus; T7–9,
tergum 7–9; S7, sternum 7; e, ectoproct; sg, subgenitale; o, ovipositor. Scale bars: 1.0 mm (A–C, E–F) and 0.5 mm (D).

(forewing MA originating on R apparently proximad originating
point of RP in the latter genera).

Cretodilar burmanus Liu & Zhang, sp.n.
(Fig. 8)

http://zoobank.org/urn:lsid:zoobank.org:act:86CFBDE2-
3118-4302-AA48-C46DFAFCFBA9

Diagnosis. As for the genus.

Description. Male. Body length 5.2 mm; forewing length
7.4 mm.

Head mostly not preserved. Compound eye semi-globular.
Antenna ∼4.5 mm long, flagellum with 25 unipectinate flagel-
lomeres and six distal filiform flagellomeres; length of lateral
process ranging 1.5–4.5× length of flagellomere that it locates
at; distal-most pectinate flagellomere with short spinous lateral
process. Mouthparts conspicuous, with relatively long elements.

Thorax poorly preserved. Legs generally dark. Wings hyaline,
forewing with indistinct brownish markings, which are slightly
darker on costal space and wing margin. Forewing ∼2.2 times
as long as wide; one proximal and one median nygma present;
trichosores present along almost entire wing margin. Hindwing
not preserved. Forewing venation: ScP terminally with a short
veinlet (a distal scp-ra crossvein) bending toward RA; MA
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proximally weak, fused with R just at separating point of RA
and RP; RP with eight main branches; MP proximally forked
into two main branches, each of which is distally dichotomously
branched; CuA and CuP dichotomously branched distally; A1
and A2, respectively, distally trifurcated; costal crossveins all
simple; subcostal space with only one distal scp-ra crossvein;
other crossveins rather weak, respectively present at proximal
third, at middle, and at distal third, with distal-most set of
crossveins arranged as gradate series.

Abdomen dark. Genital segments hardly visible, but a pair of
subtriangular valvate lobes (putative hemitergites of tergum 9)
discernible.

Female. Unknown.

Type material. Holotype EMTG BU-001752, amber piece
preserving an almost complete adult male of C. burmanus
(half parts of head and thorax, distal half of right forewing,
and both hindwings not preserved), and a mosquito; it is
polished in the form of a subquadrate cabochon, transparent, but
containing a large number of bubbles, with length×width about
20.7× 18.6 mm, height about 9.5 mm.

Etymology. The specific epithet refers to the country Myan-
mar, where this species is first described.

Genus Dilar Rambur, 1838
(Figs 3B, 9)

Dilar Rambur, [1838] 1837–1840: 445. Type species: Dilar
nevadensis Rambur, [1838] 1837–1840: pl. 9 (monotypy).

Cladocera Hagen, 1860: 56. Nomen nudum.
Lidar Navás, 1909b: 153. Type species: Dilar meridionalis

Hagen, 1866: 295 (original designation).
Fuentenus Navás, 1909b: 154. Type species: Dilar campestris

Navás, 1903: 380 (original designation).
Rexavius Navás, [1909a] 1908–1909: 664. Type species: Dilar

nietneri Hagen, 1858: 482 (designated by Navás, 1914: 10).
Nepal Navás, [1909a] 1908–1909: 661. Type species: Nepal

harmandi Navás, [1909a] 1908–1909: 661 (original
designation).

Diagnosis. Male antenna with unipectinate flagellum, but
distal 5–7 flagellomeres filiform. Mouthparts short. Forewing
(Fig. 9): One or two proximal and one median nygma present;
trichosores generally present among most costal crossveins and
among marginal forks of RA, RP, MA, MP, CuA and/or CuP,
but trichosores on costal space sometimes largely reduced; RP
with four to eight main branches; MA proximally fused with
R proximad separation of RA and RP, and distally forked
at distal third; subcostal space with several crossveins; two
gradate series of crossveins present at middle and distal thirds.
Hindwing with stem of MA sinuate and connecting to RP.
Male genitalia (Fig. 3B): Tergum 9 dorsally with a deep, broad
posterior incision, leaving a pair of broad hemitergites, and
sometimes having a posteromedial projection (dorsoprocessus).
Gonocoxites 9, 10 and 11 associated as an internal complex

of sclerites. A broad supraanale present at dorsal portion of
genitalia, largely covered by tergum 9, distally with various
projections.

Distribution. Asia (Turkey, Lebanon, Iran, Afghanistan,
Turkmenistan, Kyrgyzstan, Tajikistan, Nepal, Pakistan, India,
Sri Lanka, China, Korea, Japan, Myanmar, Thailand, Vietnam,
Malaysia, Indonesia); Europe (Spain, Portugal, France including
Corsica, Italy including Sardinia, Croatia, Bosnia-Herzegovina,
Montenegro, Macedonia, Bulgaria, Kosovo, Albania, Greece
including several western and eastern islands, Ukraine, Russia);
northern Africa (Algeria, Tunisia).

Dilar cretaceus Liu & Zhang, sp.n.
(Fig. 9)

http://zoobank.org/urn:lsid:zoobank.org:act:12793D8F-
CBB1-40C6-B605-1C8843CC4944

Diagnosis. Relatively small-sized (forewing length 5.4 mm);
antenna dark but with pale scape and pedicel; legs with dark
markings on tibiae and tarsi; forewing with numerous brown
spots, hindwing immaculate.

Description. Female. Body length (excluding ovipositor)
∼4.6 mm; forewing length 5.4 mm, hindwing length 4.2 mm;
ovipositor length 3.5 mm.

Head brown, with three setose tubercles. Compound eyes
semi-globular. Antenna short, moniliform, with 29 segments,
scape and pedicel pale, but flagellum much darker.

Thorax brown, but ventrally much paler; pronotum with
several setose tubercles. Legs generally pale, but tibiae and tarsi
with dark markings. Wings hyaline, forewing with numerous
brown spots, hindwing almost immaculate. Forewing ∼3.0
times as long as wide; one proximal and one median nygma
present; trichosores present along margin of distal half of
wing. Hindwing ∼2.5 times as long as wide, with one median
nygma. Forewing venation: Both RP and MA diverging from
R; RP with six main branches; MP proximally forked into
two main branches, each of which distally dichotomously
branched; CuA and CuP dichotomously branched distally;
A1 distally trifurcated, A2 distally pectinately branched, A3
distally bifurcated; costal crossveins all simple; several scp-ra
crossveins present; other crossveins present at proximal third,
middle, and distal third, with the latter two sets of crossveins
arranged as gradate series. Proximal part of hindwing invisible.
Abdomen pale, but genital segments slightly darker. Sternum 7
subquadrate in lateral view subtrapezoidal. Eighth abdominal
segment with putative membranous subgenitale. Tergum 9
laterally with dense, long setae. Ovipositor slenderly elongate.
Ectoproct small, ovoid.

Male. Unknown.

Type material. Holotype EMTG BU-001748, amber piece
preserving an almost complete adult female of D. cretaceus (dis-
tal half of right forewing and proximal parts of both hindwings
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Fig. 10. Species of Neonallachius Nakahara. (A, B) Neonallachius orientalis Liu, U. Aspöck & H. Aspöck, sp.n., holotype male: (A) habitus, dorsal
view; (B) head, dorsal view. (C, D) Neonallachius ponomarenkoi (Zakharenko, 1991), comb.n., paratype male: (C) habitus, dorsal view; (D) fore- and
hindwing. (E) Neonallachius thailandicus Liu & Winterton, sp.n., lateral habitus of holotype male. Scale bars: 1.0 mm (A, C–E) and 0.5 mm (B).

not preserved), a beetle, and four midges; it is polished in the
form of a semi-ellipsoid cabochon, clear and transparent, with
length×width about 30.3× 11.0 mm, height about 5.5 mm.

Etymology. The specific epithet refers to the presence of the
new species from the Cretaceous period.

Remarks. The new species belongs to Dilar based on the
head with three equally sized tubercles, the forewing MP fused
with R proximad separation of RA and RP, and the forewing
subcostal space with several crossveins, although the male is

still unknown. Generally, it is hard to distinguish Dilar species
solely based on the female. The wing marking patterns and
the bursa copulatrix are sometimes useful for identification.
Unfortunately, the pattern of wing markings in D. cretaceus
sp.n. is a generalized type in Dilar, and the bursa copulatrix
cannot be observed in the amber specimen. However, the new
species represents the first definite species of Dilar in Mesozoic.

Subfamily Nallachiinae Navás, 1914
(Figs 10, 11)

Type genus: Nallachius Navás, 1909a: 665.
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Fig. 11. Male genitalia of Neonallachius species. (A–F) Neonallachius orientalis Liu, Aspöck & Aspöck, sp.n.: (A) dorsal view; (B) ventral view; (C)
lateral view; (D) complex of gonocoxites 9+ 11, dorsal view; (E) gonocoxites+ gonapophyses+ gonostyli 10, ventral view; (F) complex of gonocoxites
9+ 11 and gonocoxites+ gonapophyses+ gonostyli 10, lateral view. (G–K) Neonallachius ponomarenkoi (Zakharenko, 1991), comb.n.: (G) dorsal
view; (H) ventral view; (I) lateral view; (J), complex of gonocoxites 9+ 11, dorsal view; (K) complex of gonocoxites 9+ 11 and gonocoxites 10, lateral
view. (L–P) Neonallachius thailandicus Liu & Winterton, sp.n.: (L) dorsal view; (M) ventral view; (N) lateral view; (O) complex of gonocoxites 9+ 11,
dorsal view; (P) complex of gonocoxites 9+ 11 and gonocoxites 10, lateral view. T9, tergum 9; S9, sternum 9; c, callus cerci; e, ectoproct; gx9–11,
gonocoxite 9–11; gp10, gonapophysis 10; gst 10, gonostylus 10; hi, hypandrium internum. The arrow indicates the character state used in the present
phylogenetic analysis. Scale bar: 0.5 mm.
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Diagnosis. Male antenna (Fig. 10B) with unipectinate flag-
ellum, number of filiform distal flagellomeres ranging from
one to five. Head with three setose tubercles, anteromedian
much larger than posterolaterals (Fig. 10B). Mouthparts short.
Forewing (Fig. 10D): One proximal and one median nygma
present; trichosores present among most costal crossveins and
among marginal forks of RA, RP, MA, MP, CuA, CuP and/or A1,
sometimes trichosores among proximal costal crossveins absent;
maximum width of male forewing costal space 0.7–2.0× maxi-
mum width of radial space; RP with three to five main branches;
MA proximally fused with RP for a short distance, and distally
forked around its midpoint or near wing margin; subcostal space
with or without crossvein; only one gradate series of crossveins
present at middle. Hindwing with stem of MA connecting to
R or absent. Male genitalia (Figs 3D, 11): Tergum 9 arcuate,
strongly extending ventrad, not forming paired hemitergites.
Sternum 9 short, moderately sclerotized. Ectoprocts present,
paired, with slightly prominent callus cerci. Gonocoxites 9 and
11 associated as a complex of sclerites; gonocoxites 9 connect-
ing to fused gonocoxites 11 (= gonarcus), which are arcuate or
broadly shield-like; gonocoxites 10 present as a pair of slen-
derly elongate sclerites beneath complex of gonocoxites 9 and
11, gonapophyses and gonostyli 10 sometimes present.

Included genera. Nallachius Navás (20 spp.); Neonallachius
Nakahara (five spp.).

Distribution. This subfamily is distributed in southern Africa,
Southeast Asia and America.

Genus Nallachius Navás, 1909a
(Fig. 3D)

Nallachius Navás, [1909a] 1908–1909: 666. Type species:
Dilar prestoni McLachlan, 1880: 39 (subsequent designa-
tion by Navás, 1914: 11).

Nulema Navás, 1914: 12. Type species: Nulema championi
Navás, 1914: 12 (monotypy).

Neodilar Carpenter, 1947: 107. Type species: Dilar hermosa
Banks, 1913: 220 (original designation).

Diagnosis. Male antenna with unipectinate flagellum, but dis-
tal one to two flagellomeres filiform. Forewing: Subtriangu-
lar in male, with rounded apex; one proximal and one median
nygma present; trichosores generally present among most costal
crossveins and among marginal forks of RA, RP, MA, MP, CuA,
CuP and/or A1; RP with three to five main branches; MA prox-
imally fused with RP for a short distance, and distally forked
around its midpoint; subcostal space with several crossveins;
only one gradate series of crossveins present at middle. Hind-
wing with stem of MA connecting to R or absent. Male geni-
talia (Fig. 3D): Tergum 9 arcuate, strongly extending ventrad,
without paired hemitergites. Sternum 9 short, moderately scle-
rotised. Ectoprocts present, paired, each with slightly prominent
callus cercus, and dorsally with various projections. Gonocox-
ites 9 and 11 associated as a complex of sclerites; gonocoxites

9 connecting to fused gonocoxites 11 (= gonarcus), which is a
transverse arc, without any posterior projections; gonocoxites
10 (= mediuncus lobes) present as a pair of slenderly elongate
sclerites beneath complex of gonocoxites 9 and 11; a slenderly
elongate median lobe (probably homologous with gonapophyses
10) present between gonocoxites 10.

Distribution. North to South America (Argentina, Brazil,
Chile, Colombia, Costa Rica, Cuba, Ecuador, Guatemala,
Paraguay, U.S.A., Venezuela, West Indies).

Genus Neonallachius Nakahara, 1963
(Figs 10, 11)

Neonallachius Nakahara, 1963: 77. Type species:
Neonallachius annandalei Nakahara, 1963: 77 (original
designation).

Diagnosis. Male antennae (Fig. 10B) with unipectinate flag-
ellum, but distal three to five flagellomeres filiform. Forewing
(Fig. 10D): Ovoid in male; one proximal and one median
nygma present; trichosores generally present among distal costal
crossveins and among marginal forks of RA, RP, MA, MP,
CuA, CuP and/or A1; RP with four to five main branches;
MA proximally fused with RP for a short distance, and dis-
tally forked around its midpoint or near wing margin; subcostal
space without crossvein; only one gradate series of crossveins
present at middle. Hindwing with stem of MA connecting to R
or absent. Male genitalia (Fig. 11): Tergum 9 arcuate, strongly
extending ventrad, without paired hemitergites. Sternum 9 short,
moderately sclerotized. Ectoprocts present, paired, with slightly
prominent callus cerci, and sometimes dorsally with projec-
tions. Gonocoxites 9 and 11 associated as a complex of sclerites;
gonocoxites 9 connecting to fused gonocoxites 11 (= gonarcus),
which is broadly shield-like, usually with a pair of lateral projec-
tions and one or paired posteromedian projections; gonocoxites
10 (= mediuncus lobes) present as a pair of slenderly elongate
sclerites beneath complex of gonocoxites 9 and 11, sometimes
connected with each other by membrane or sclerotized plate;
gonapophyses and gonostyli 10 sometimes present, but not mod-
ified as a slenderly elongated median lobe.

Distribution. Africa (Malawi, Namibia, South Africa); Asia
(India, Sri Lanka, Thailand, Vietnam).

Remarks. This genus was originally established based on a
single species, Neonallachius annandalei Nakahara (only one
male known so far), from India by Nakahara (1963). The genus
type is deposited in the collection of the Zoological Survey
of India, Calcutta, West Bengal, India (see Oswald, 1998),
but is unavailable for our examination. Nakahara (1963) noted
that Neonallachius is most closely related to Nallachius, while
Oswald (1998) placed this genus under Dilarinae. We agree the
sister-group relationship of Nallachius and Neonallachius, as
these two genera share the presence of three differently sized
tubercles on head, the forewing MA proximally fused with RP,
and the male genitalia with callus cerci on paired ectoprocts,
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although the latter two characters are plesiomorphic. These two
genera can be distinguished from each other by the number of
distal nonpectinate flagellomeres (one to two in Nallachius, but
three to five in Neonallachius), the forewing shape (subtrian-
gular in Nallachius, but ovoid in Neonallachius), and the mor-
phological details of the male gonocoxite complex 9, 10 and
11 [in Nallachius the fused gonocoxites 11 are arcuate (green
colour in Fig. 3D) and a slenderly elongated median lobe (=
fused gonapophyses 10, indicated by dark red colour in Fig. 3D)
is present, while in Neonallachius the fused gonocoxites 11 is
broadly shield-like, usually with posteromedian projections, and
the gonapophyses 10 are not modified into a slenderly elon-
gated median lobe (see Fig. 3C)]. Given these morphological
differences, the African and Asian Nallachius species should
be placed into Neonallachius as Neonallachius krooni (Minter,
1986), comb.n. and Neonallachius ponomarenkoi (Zakharenko,
1991), comb.n.

Neonallachius orientalis Liu, U. Aspöck & H. Aspöck, sp.n.
(Figs 10A, B, 11A–F)

http://zoobank.org/urn:lsid:zoobank.org:act:6D3AAA2B-
EB3F-4F1C-8E07-70992B9183D2

Diagnosis. Wings entirely brown; forewing with eight ra-rp
crossveins. Male tergum 9 produced posteromedially; male
ectoprocts without any additional lobes or projections; male
gonocoxite 9 strongly incurved; male fused gonocoxites 11 with
a pair of flat posteromedian projections; complete set of male
gonocoxites, gonapophyses and gonostyli 10 present.

Description. Male. Body length 2.6 mm; forewing length
5.0 mm, hindwing length 4.1 mm.

Head brown, but dark yellow on clypeus and posterior por-
tion of vertex, with three dark yellow setose tubercles. Com-
pound eyes blackish brown. Antenna 18-segmented, dark brown,
with scape and pedicel yellowish brown, flagellum unipectinate
except for distal three flagellomeres simple, most branches equal
in length (longest branch nearly 9.0 times as long as correspond-
ing flagellomere), but several distal ones much shorter. Mouth-
parts dark brown, with labrum dark yellow.

Pronotum blackish brown, with two pairs of setose yel-
lowish tubercles; meso- and metathorax brown, each notum
anteromedially with a yellow spot; mesonotum with scutum
blackish brown. Legs pale yellow. Wings densely setose, entirely
brown, immaculate. Veins brown. Forewing venation: RP with
four branches; MA separating from RP; MP separated into
two branches at its midpoint; CuA and CuP separating near
wing base; CuA pectinately forked distad; CuP with only one
marginal fork; A1 and A2 distally pectinate, A3 simple; scp-ra
crossvein absent; eight ra-rp crossveins present. Hindwing vena-
tion: RP with three branches; MA with a weak, oblique stem,
and distally separating from RP and forked near wing mar-
gin; MP proximally separated into two branches; both CuA
and CuP distally pectinately branched; A1 and A2 distally
pectinately forked, A3 absent; scp-ra crossvein absent; three
ra-rp crossveins present.

Abdomen brown, with yellow venter. Tergum 9 with strongly
protruding anterolateral and posteromedian margins, in dorsal
view with broadly arcuate anterior incision and angulately pro-
duced posteromedian portion. Sternum 9 much shorter than ter-
gum 9, transversely band-like in ventral view, with nearly trun-
cate posterior margin. Ectoprocts paired, nearly twice as long as
tergum 9, in dorsal view subtriangular, inner and marginal areas
membranous; callus cerci present, strongly prominent, nearly
semiglobular. Gonocoxites 9 and 11 fused into a large complex;
gonocoxite 9 slenderly elongate, strongly curved ventromedi-
ally; fused gonocoxites 11 (= gonarcus) broadly shield-like, lat-
erally with a pair of blade-like projections, medially with a
pair of flat projections. Gonocoxites 10 present beneath com-
plex of gonocoxites 9+ 11 as a pair of slenderly elongate scle-
rites, gonostyli 10 posteriorly fused into a spinous projection,
gonapophyses 10 present as a pair of slender sclerites besides
gonocoxites 10. Hypandrium internum subtrapezoidal, anteri-
orly bifid and medially distinctly produced ventrad.

Female. Unknown.

Type material. Holotype ♂, ‘Vietnam, Sa Pa, Okui-ho,
1100 m, 31.3.1995, leg. W. Mey’ (MFN).

Etymology. The specific epithet ‘orientalis’ refers to the
distribution of the new species in the Oriental region.

Distribution. Vietnam (Lao Cai).

Remarks. The new species appears to be closely related to N.
annandalei from India and N. ponomarenkoi from southern Viet-
nam in having similar incurved male gonocoxites 9 and male
gonocoxites 11 with one or a pair of posteromedian projections.
However, the new species can be distinguished from N. annan-
dalei by the presence of ra-rp crossveins (ra-rp crossveins absent
in N. annandalei) and the paired posteromedian projections of
the male gonocoxites 11 (posteromedian projection unpaired,
but distally bifid in N. annandalei), and it differs from N. pono-
marenkoi by the male tergum 9 produced posteromedially (male
tergum 9 broadly concaved posteriorly in N. ponomarenkoi), the
absence of additional lobes on male ectoprocts (male ectoproct
bilobed dorsoventrally in N. ponomarenkoi), and the short pos-
teromedian projections (posteromedian projections present as a
pair of long, digitiform processes in N. ponomarenkoi).

Neonallachius ponomarenkoi (Zakharenko, 1991), comb.n.
(Figs 10C, D, 11G–K)

Nallachius ponomarenkoi Zakharenko, 1991: 143. Type local-
ity: Vietnam (Kien Giang: Tho Tu).

Diagnosis. Wings entirely pale brown; forewing with two
ra-rp crossveins. Male tergum 9 broadly concaved posteri-
orly; male ectoprocts dorsoventrally bilobed; male gonocox-
ite 9 slightly curved dorsomedially; male fused gonocoxite 11
medially with a pair of long, digitiform projections; male gono-
coxites 10 reduced as a pair of rather thin and feebly sclerotised
sclerites.
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Re-description. Male. Body length 2.4 mm; forewing length
3.5 mm, hindwing length 2.5 mm.

Head yellowish brown, with three yellow setose tuber-
cles. Compound eyes black. Antenna 15-segmented, yellowish
brown; flagellum unipectinate except for distal five nonpectinate
flagellomeres. Mouthparts yellow.

Pronotum brown with two pairs of setose yellowish tuber-
cles; meso- and metathorax brown, but slightly paler at mid-
dle of mesonotum. Legs pale yellow. Wings densely setose,
entirely pale brown, immaculate. Veins brown. Forewing vena-
tion: RP with four branches; MA separating from RP; MP
forked distad its midpoint; CuA and CuP separating nearly at
middle of wing; CuA dichotomously forked distad; CuP dis-
tally pectinately forked; A1 and A2 with a marginal fork, 3A
simple; scp-ra crossvein absent; two ra-rp crossveins present;
a short gradate crossvein series present at distal third. Hind-
wing venation: RP with three branches; MA with a weak,
oblique stem, and deeply forked distally; MP separated into two
branches distad its midpoint; CuA distally pectinately branched;
CuP absent; all anal veins fused into a long, pectinately
branched vein; scp-ra crossvein absent; two ra-rp crossveins
present.

Abdomen pale yellowish brown. Tergum 9 in lateral view
with slightly arcuate anterior margin and feebly prominent pos-
terodorsal corner, in dorsal view with slightly convexed anterior
margin and broadly concaved posterior margin. Sternum 9 much
shorter than tergum 9, transversely band-like in ventral view,
with slightly convexed posterior margin. Ectoprocts paired,
nearly as long as tergum 9, dorsoventrally bilobed; dorsal lobe
much shorter than ventral lobe, slightly curved ventrolaterally,
and slightly thorny at tip; ventral lobe curved dorsomedially,
much more sclerotized and thorny at tip; callus cerci present,
strongly prominent, nearly semiglobular. Gonocoxites 9 and
gonocoxites 11 (= gonarcus) fused into a large complex sclerite;
gonocoxite 9 slenderly elongate and slightly curved dorsome-
dially; fused gonocoxites 11 (= gonarcus) broadly shield-like,
laterally with a pair of thin, blade-like projections, medially with
a pair of long, digitiform lobes. Gonocoxites 10 present as a pair
of rather thin and feebly sclerotized sclerites, which are present
beneath complex of gonocoxites 9+ 11 and largely connected by
membrane; gonapophyses and gonostyli 10 absent. Hypandrium
internum subtrapezoidal, anteriorly bifid and medially distinctly
produced ventrad.

Female. Unknown.

Material examined. Paratype 1♂, ‘Vietnam, Pr[ovince]. Kien
Giang, I. Tho-Tu, 4.X.1987, [A.] Ponomarenko/Paratypus Nal-
lachius ponomarenkoi Zakharenko’ (ZIN).

Distribution. Vietnam (Kien Giang).

Neonallachius thailandicus Liu & Winterton, sp.n.
(Figs 10E, 11L–P)

http://zoobank.org/urn:lsid:zoobank.org:act:737EB871-
8D03-4874-B884-F22E75BC7208

Diagnosis. Wings entirely brown; forewing with two ra-rp
crossveins. Male tergum 9 broadly concaved posteriorly; male
ectoprocts dorsally with a pair of slender, blade-like projections;
male gonocoxite 9 located at posterior margin of fused gonocox-
ites 11, blade-like, directed medially; male fused gonocoxites 11
without posteromedian projection; male gonocoxites 10 present
as a small shield-like plate, posterolaterally with a pair of digi-
tiform projections.

Description. Male. Body length 2.0 mm; forewing length
3.4 mm, hindwing length 2.0 mm.

Head yellowish brown, with three yellow setose tubercles.
Compound eyes greyish. Antenna 16-segmented, yellowish
brown, flagellum unipectinate except for distal five flagellom-
eres simple, most branches equal in length (longest branch
nearly 5.0 times as long as corresponding flagellomere), but
distal-most branch strongly shortened. Mouthparts yellow.

Pronotum brown with two pairs of setose yellowish tubercles;
meso- and metathorax brown, but slightly paler laterally and
ventrally; mesonotum with a pair of arcuate markings. Legs
pale yellow. Wings densely setose, entirely brown, immaculate.
Veins brown. Forewing venation: RP with four branches; MA
separating from RP; MP forked distad its midpoint; CuA and
CuP separating nearly at middle of wing; CuA pectinately
forked distad; CuP with only a marginal fork; A1 and A2
with a marginal fork, A3 simple; scp-ra crossvein absent; two
ra-rp crossveins present; a short gradate crossvein series present
at distal third. Hindwing venation: RP with three branches;
MA separating from RP, distally forked, a weak, oblique stem
connecting to base of MP; MP separated into two branches at
its midpoint; CuA distally pectinately branched; CuP absent; all
anal veins fused into a long, pectinately branched vein; scp-ra
crossvein absent; two ra-rp crossveins present.

Abdomen pale brown, with yellow venter. Tergum 9 in lateral
view with slightly convexed anterior margin and slightly promi-
nent posterodorsal corner, in dorsal view with truncate anterior
margin and broadly concaved posterior margin. Sternum 9 much
shorter than tergum 9, transversely band-like in ventral view,
with nearly truncate posterior margin. Ectoprocts paired, slightly
shorter than tergum 9, distinctly enlarged posteroventrad, dor-
sally with a pair of slender, blade-like projections, which are
distally crossed with each other; callus cerci present, strongly
prominent, nearly semiglobular. Gonocoxites 9 and 11 fused
into a large complex sclerite; gonocoxite 9 located at posterior
margin of gonocoxites 11, blade-like, directed medially; fused
gonocoxites 11 (= gonarcus) broadly shield-like, laterally with a
pair of slenderly blade-like projections, medially slightly promi-
nent. Gonocoxites 10 present beneath complex of gonocoxites
9+ 11 as a small shield-like plate, posterolaterally with a pair of
digitiform projections; gonapophyses and gonostyli 10 absent.
Hypandrium internum subtrapezoidal, anteriorly bifid and medi-
ally distinctly produced ventrad.

Female. Unknown.

Type material. Holotype ♂, ‘Thailand: Khon Kaen, Khon
Kaen University, 17.iv.1994, at electric lights/William D. Shep-
ard, leg/UC Berkeley EMEC 1134653’ (EMEC).
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Etymology. The specific epithet ‘thailandicus’ refers to the
distribution of the new species in Thailand.

Distribution. Thailand (Khon Kaen).

Remarks. Despite the uniformly similar external appearance,
the new species can be easily distinguished from all other Asian
species of Neonallachius by the male ectoprocts dorsally with
a pair of slenderly blade-like projections and the absence of
posteromedian projection on male fused gonocoxites 11. The
shape and position of male gonocoxites 11 are similar between
the new species and the African species N. krooni, but N.
thailandicus sp.n. can be distinguished from the latter species
by the features of male ectoprocts and gonocoxites 10.

Supporting Information

Additional Supporting Information may be found in the online
version of this article under the DOI reference:
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File S1. Redescription of Berothella phantoma Banks.

File S2. Redescription of Berothella pretiosa Banks.
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Appendix

Morphological characters coded in the phylogenetic
analysis.

1. Head with three setose tubercles: (0) absent; (1) present,
equally sized (Fig. 5C); (2) present, differently sized
(Fig. 10B). The presence of three setose tubercles on the
head is a characteristic feature in Dilaridae. The three
tubercles are generally equal in size in Berothellinae
subfam.n. and Dilarinae, but the median tubercle is much
larger than the posterolateral ones in Nallachiinae.

2. Male antenna: (0) slenderly filiform; (1) thickly filiform
(Fig. 5B); (2) unipectinate (Fig. 7B). The male antenna has
unipectinate flagellum in Dilarinae and Nallachiinae, but
it is thickly filiform without any branched antennomere in
Berothellinae subfam.n.

3. Male flagellum: (0) with more than 20 segments; (1) with
less than 15 segments. State 1 is present in Nallachiinae
and Cascadilar.
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4. Number of distal nonpectinate flagellomeres in male:
(0) three or more; (1) one to two. The unbranched
antennomere is plesiomorphic. As such, we interpret
the condition with more unbranched antennomere to be
plesiomorphic.

5. Mouthparts: (0) relatively well developed (Fig. 8B); (1)
strongly shortened (Fig. 7B). The mouthparts in extant
dilarids are strongly shortened and inconspicuous in the
lateral view, while in Cretodilar gen.n. the mandibles
are relatively long and easily discernible in the lateral
view. Engel (1999) noted that Cascadilar has relatively
well-developed mouthparts, but our re-examination of this
genus is not supportive for this feature.

6. Pronotum with setose tubercles: (0) absent; (1) present
(Fig. 5B). In all dilarids the pronotum bears some setose
tubercles.

7. Forewing median nygma: (0) present (Fig. 9E); (1) absent
(Fig. 7D). The median nygma on forewing is present
in all dilarids except Cascadilar and Neonallachius
krooni.

8. Forewing MA: (0) proximally fused with RP (Fig. 5F); (1)
proximally fused with R, but very close to the separating
point between RA and RP (Fig. 8D); (2) proximally fused
with R, and distinctly proximad separating point between
RA and RP (Fig. 9E). The forewing MA is usually fused
with RP proximally into a RP+MA diverging from R in
Neuropterida. However, the apomorphic condition that the
forewing MA diverges from R proximad separating point
between RA and RP is present in a few lacewing groups,
including Dilarinae.

9. Forewing MP: (0) deeply branched, with branching
point distinctly proximad median nygma (Fig. 5H); (1)
branched more distad, with branching point around or
distad median nygma (Fig. 10D). State 1 is present in
Neonallachius.

10. Forewing scp-ra: (0) present, but only one at proximal part
of subcostal space; (1) present, not less than two (Fig. 7D);
(2) largely reduced or absent (Figs 8D, 10D). In many
dilarids there are two or more subcostal crossveins in the
forewing, while in Cretodilar gen.n. and Neonallachius
these crossveins are largely reduced, with only a distal
one, or absent.

11. Male tergum 9: (0) not separated into hemitergites
(Fig. 11A); (1) separated into hemitergites (Fig. 6A). The
male tergum 9 is present as a single arcuate sclerite in
Nallachiinae, but it is conspicuously separated into a pair
of hemitergites in Berothellinae subfam.n. and Dilarinae.
Nevertheless, it should be noted that the male tergum
9 in these two subfamilies is not completely separated
and the hemitergites are a posterolateral extension of the
tergum.

12. Male tergum 9: (0) feebly concaved anteriorly; (1)
strongly concaved anteriorly (Fig. 3B). State 1 is present
in Cascadilar, Cretodilar gen.n., Dilar and Neonal-
lachius orientalis sp.n.

13. Male sternum 9: (0) moderately sclerotized and setose
(Fig. 3C); (1) reduced into membrane, without any seta-
tion (Fig. 6B). State 1 is present in Berothella.

14. Male gonocoxite 9: (0) present as an external sclerite;
(1) present as an internal sclerite, distally not fused
with tergum 9 (Fig. 3B); (2) present as an internal
sclerite, distally fused with tergum 9 (Fig. 3A). The
external position of male gonocoxite 9 is plesiomorphic
in Neuroptera (Aspöck & Aspöck, 2008). In Dilaridae the
male gonocoxites 9 are largely submerged into the genital
chamber and proximally approximating gonocoxites 11
(= gonarcus). Remarkably, in Berothella there is a pair
of lateral lobes, bordered by narrow apodemes, fused into
male tergum 9, seemingly being the external gonocoxites
9 and distally equipped with claw-like sclerites (putative
gonostyli 9). However, it can be observed that in B.
holzschuhi sp.n. and B. pretiosa the narrow apodemes
proximally connect to gonocoxites 11, probably being the
remnant of male gonocoxites 9. Likewise, the distal parts
of male gonocoxites 9 in Berothella are considered to be
fused with the inner portion of tergum 9, which is unique
and only known in this genus so far.

15. Male ectoprocts: (0) present, well developed (Fig. 3C,
D); (1) largely reduced or absent (Fig. 3A, B). The male
ectoprocts are a pair of broad sclerites with ovoid callus
cerci in Nallachiinae, while they are largely reduced
into a pair of tiny sclerites near the posterior margin
of tergum 9 in Berothella or absent in Dilarinae. The
previous interpretation of the large internal supraanale as
specialized ectoprocts (see Aspöck & Aspöck, 2008) is
not perpetuated here (see Discussion).

16. Male ectoprocts: (0) unpaired; (1) paired. State 1 is present
in Berothellinae subfam.n. and Nallachiinae.

17. Male callus cerci: (0) absent; (1) present. The cal-
lus cerci with trichobothria organized in a rosette is
considered to be apomorphic and a synapomorphy of
Neuroptera and Megaloptera (Aspöck & Aspöck, 2008)
and herein present in Nallachiinae. The absence of
this character in the remaining dilarids, however, is a
secondary loss.

18. Male ectoprocts: (0) without additional dorsal projection;
(1) with one pair of dorsal projections (Fig. 11L); (2) with
two pairs of dorsal projections (Fig. 3D). The presence
of additional dorsal projections on male ectoprocts can
be found in many species of Nallachiinae, and in all
known species of Nallachius there are two pairs of dorsal
projections on the ectoprocts.

19. Male ectoprocts: (0) not narrowed posteriad; (1) narrowed
posteriad (Fig. 11A). State 1 is present in Neonallachius.

20. Male gonocoxites 10: (0) not approximating lateral ends
of gonocoxites 11; (1) approximating lateral ends of
gonocoxites 11 (Figs 3B, 6E). State 1 is present in Dilar
and B. phantoma.

21. Male gonocoxites 10 present as a pair of very thin
sclerites: (0) no; (1) yes. State 1 is present in some
Neonallachius species, i.e. Ne. krooni, Ne. orientalis and
Ne. ponomarenkoi.
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22. Male gonocoxites 10: (0) distally not recurved anteriad;
(1) distally recurved anteriad (Fig. 6C). State 1 is present
in B. holzschuhi sp.n. and B. pretiosa.

23. Male gonapophyses 10: (0) present (Fig. 3C, D); (1)
absent. The male gonapophyses 10 are absent in most
dilarids, but they remain in Nallachius and some species
of Neonallachius.

24. Male gonapophyses 10: (0) paired; (1) fused into a
slenderly elongated median lobe (Fig. 3D). State 1 is
present in Nallachius.

25. Male gonocoxites, gonapophyses and gonostyli 10 form-
ing a complex: (0) no; (1) yes (Fig. 11E). A complete set
of male gonocoxites, gonapophyses and gonostyli 10 is
found in two Neonallachius species, i.e. N. krooni and N.
orientalis.

26. Male fused gonocoxites 11: (0) arcuate; (1) shield-like
(Fig. 11D). State 1 is present in Neonallachius.

27. Male fused gonocoxites 11 laterally with a pair of parallel
projections: (0) absent; (1) present (Fig. 11D). State 1 is
present in Neonallachius.

28. Male fused gonocoxites 11 with one or a pair of postero-
median projections: (0) absent; (1) present (Fig. 11D).
State 1 is present in Neonallachius.

29. Male supraanale: (0) absent; (1) present. State 1 is present
in Berothella and Dilar, but it might be present in other
(extinct) genera of these subfamilies.

30. Male supraanale with complicated structures: (0) absent;
(1) present (Fig. 3B). State 1 is present in Dilar.

31. Female ovipositor: (0) not elongated; (1) elongated
(Fig. 9C). The elongated ovipositor is a well-known fea-
ture of Dilaridae. However, it remains unknown whether
Berothella has an elongated ovipositor due to lack of
female.
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