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>  Abstract

Despite numerous efforts to establish a sound phylogeny of Neuropterida and to trace their position within the tree of En-
dopterygota these questions up to now still appear far from being solved. The evidence for the sister group relationships
among the three orders of Neuropterida is contradictory (i.e., Raphidioptera as sister group of Megaloptera + Neuroptera
versus Neuroptera as sister group of Megaloptera + Raphidioptera) and recently even the monophyly of Megaloptera was
challenged. Also the phylogenetic relationships among neuropteran families deduced from various studies differ basically in
all aspects concerning the number and composition of suborders as well as the basal dichotomies. The morphology based
division of Neuroptera into the three suborders Nevrorthiformia, Myrmeleontiformia and Hemerobiiformia with the latter
two being sister groups is not recovered by molecular but also some morphology based analyses — as all of them lack mono-
phyletic Hemerobiiformia. Possible methodological problems contributing to this lack of unambiguous resolution of the
phylogeny of Neuropterida are sequence saturation, lack of information in DNA marker sequences, incomplete taxon sam-
pling and data matrices, as well as — concerning morphological characters — convergence and interpretation of ambiguous
character polarity. The phylogenetic relationships of Neuropterida and their position within Endopterygota are of interest
with respect to the reconstruction of character evolution and the evolution of life styles of the larvae (terrestrial in
Raphidioptera, aquatic in Megaloptera and in two families of Neuroptera).

>  Keywords

Neuropterida, Raphidioptera, Megaloptera, Neuroptera, Nevrorthiformia, Hemerobiiformia, Myrmeleontiformia, phylogeny,
systematics.

1. Introduction

The superorder Neuropterida comprises three orders:
Raphidioptera with two families (Raphidiidae and In-
ocelliidae), Megaloptera with two families (Corydali-
dae and Sialidae), and the heterogeneous Neuroptera
with 17 families (Nevrorthidae, Sisyridae, Osmylidae,

Hemerobiidae, Chrysopidae, Ithonidae, Polystoechoti-
dae, Coniopterygidae, Dilaridae, Berothidae, Rhachi-
berothidae, Mantispidae, Psychopsidae, Nemopteri-
dae, Nymphidae, Myrmeleontidae and Ascalaphidae)
(U. Aspock & H. Aspock 2007). Classification of Neu-
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ropterida is a long history of competing hypotheses, its
beginning dating back to the 1850ies. The awareness
of the phylogenetic significance of the larvae is a merit
of the young Austrian entomologist Friedrich BRAUER
(1852, 1857). In the early 20th century, starting with
Handlirsch's treatise of fossil Neuroptera (HANDLIRSCH
1906-08) and the work of Comstock (1918), TILLYARD
(1919) and WithycoMBE (1925), the basal approaches
towards a phylogeny of the neuropterans were made.
The term Neuropterida (for Neuropteroidea = Neuro-
pteria = Neuroptera sensu lato) was introduced by
Boubpreaux (1979).

There is a long tradition of competing hypotheses
concerning the phylogenetic position of Neuropterida
within Endopterygota and on the question which group
splits from the basal node: the Neuropterida + Coleo-
ptera (KRISTENSEN 1999; WHEELER et al. 2001; KJER et
al. 2006) or the Hymenoptera (CaMERON et al. 2009;
WieGManN et al. 2009; BEUTEL et al. 2010a). Moreover,
interrelationships of the three orders of Neuropterida
are contradictory. Two alternative sister group rela-
tionships were proposed, i.e., Raphidioptera as sister
group of Megaloptera + Neuroptera versus Neuro-
ptera as sister group of Megaloptera + Raphidioptera.
Support for one or the other hypothesis mostly came
— as by-products — from analyses dealing with the En-
dopterygota or the intra-ordinal relationships within
Neuropterida, rather than from analyses specifically
targeted to this question. Besides, also the monophyly
of Megaloptera has been repeatedly challenged, e.g.,
recently by a study proposing a clade Raphidioptera +
Corydalidae (BEeuTEL et al. 2010a). The phylogenetic
relationships among and within neuropteridan orders
are not only of taxonomic interest, but also relevant to
evaluate character evolution within this group, which
exhibits several extraordinary features such as pharate
pupae, the complete set of male genital sclerites in
Raphidioptera, complex sucking tubes, or cryptone-
phry of larvae in Neuroptera, and their compact larval
head capsules versus heads with a mosaic-like ventral
sclerite pattern. Most prominent is also the life style of
the larvae, which was interpreted differently accord-
ing to the one or other phylogenetic hypothesis. The
larvae of Raphidioptera are terrestrial, all Megaloptera
have aquatic larvae, and in Neuroptera the larvae are
aquatic only in Nevrorthidae and Sisyridae but terres-
trial in all other families.

In the present paper we provide an overview of the
various analyses performed (partly within the broader
context of Endopterygota or even Hexapoda) to trace
the phylogeny of Neuropterida. The following issues
will be addressed: (1) The phylogenetic position of
Neuropterida within Endopterygota. (2) The phyloge-
netic relationships among Raphidioptera, Megaloptera
and Neuroptera. (3) The phylogenetic relationships
among the 17 families of the Neuroptera.

The monophyly of Neuropterida

The monophyly of Neuropterida is generally accepted.
Although it is based on rather subtle arguments (sum-
marised in U. Aspock 2002; U. Aspock & H. Aspock
2005), there is, up to now, no plausible alternative.
This monophyly is supported by characters concern-
ing thoracic and abdominal tergite sutures (ACHTELIG
1975, 1981; Hennig 1981) and special musculature of
the ovipositor (MickoLEIT 1973), characters of larval
stemmata (PauLus 1986), specialisations at the wing-
bases (HORNSCHEMEYER 1998), the presence of a field
of trichobothria on the ectoproct (tenth or tenth + elev-
enth tergite) (U. Aspock et al. 2001) and nuclear genes
for 18S and 28S rRNA (WHITING et al. 1997). Kris-
TENSEN (1999) notes that the molecular data of WHir-
ING et al. (1997) are doubtful as there are, e.g., almost
identical sequences for Megaloptera and Raphidiop-
tera, and there were contaminations with respect to
Coleoptera. Further molecular evidence for mono-
phyletic Neuropterida comes from WINTERTON et al.
(2010), MisoF et al. (2007), WIEGMANN et al. (2009),
CaMERON et al. (2009) and BeuTkL et al. (2010b).

The position of Neuropterida within
Endopterygota

The traditional view of the position of Neuropterida
in the phylogeny of Endopterygota postulates them
as sister group of Coleoptera (+ Strepsiptera) both
together being the sister group of the remaining En-
dopterygota. This hypothesis is thoroughly treated
by KRrISTENSEN (1999), who provided a very detailed
treatise on the phylogeny of the Endopterygota com-
prising all evidence that up to then had emerged from
morphological and molecular genetic approaches. In
his summarizing cladogram there is a basal trichotomy
of (1) Neuropterida + Coleoptera, (2) Strepsiptera, and
(3) Hymenoptera + Mecopterida (a group comprising
Mecoptera, Diptera, Trichoptera, and Lepidoptera).
However, as Kristensen noted, there is only weak sup-
port even for this basal splitting. A general problem
that becomes apparent from the discussion provided
by KRISTENSEN (1999) is the fact that the different phy-
logenetic hypotheses resulting from the various studies
had been inferred from different characters. Further-
more, differing and partially non-overlapping taxon
sampling hampered straightforward comparisons of
results. KRISTENSEN (1999) himself hypothesized that
the principal innovation of the Endopterygota is not
the pupa, but the larval stage which lacks wing buds
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(and genital-appendage buds), and he accompanied
this view by argumentation concerning the quiescence
of the last immature (pupal) stage. He considered the
specialised morphology of the pupa not as an endo-
pterygote ground plan trait and underlined this by a
picture of a pharate adult (a “running” pupa) of a ra-
phidiid snakefly, representing the commonly neglect-
ed primitive pupal type (KRISTENSEN 1999).

A more recent study on the phylogeny of the En-
dopterygota surprised with a basal split between Hy-
menoptera and the remaining Endopterygota, while
Neuropterida remained the sister group of Coleo-
ptera + Strepsiptera (WIEGMANN et al. 2009). While
the same position of Hymenoptera had been found
already in the study of Misor et al. (2007) based on
sequences of thel18S rRNA gene (but without any con-
siderable support) — Neuropterida have a different po-
sition: Neuropterida (Strepsiptera (Coleoptera, Dip-
tera)). The trees of WiEGMANN et al. (2009) achieved
well supported nodes. The latter study was based on
molecular data for six nuclear protein-coding genes
(AATS, CAD, TPI, SNF, PGD, RNA POL II) and sup-
ported earlier morphology based hypotheses of Ross
(1965) and RoHDENDORF & RasNITSYN (1980). Despite
the impressive data set of several thousand base pairs
(bp) and the mostly highly supported nodes, it has to
be emphasised that there are many gaps in the data
matrix. For instance, in 12 out of 29 species two to
four marker genes were not sequenced and less than
50% of the species are represented by all marker se-
quences. WIEGMANN et al. (2009) state that there are
some conflicts in their data set, which they clearly at-
tributed to the Strepsiptera, but the authors conclude
that there is no systematic error due to long branch
attraction in their analyses. Whether the topology re-
mains stable — especially with respect to the basal split
— remains to be tested using a complete data matrix.
Although the sister group relationship of Strepsiptera
+ Coleoptera recently obtained strong support in an-
other study comprising more than 18 million nucleo-
tides from nearly 4,500 genes (Nienuis et al. 2012),
this result has to be tested by including Neuropterida,
which were missing in that study and represent a po-
tential sister group of Coleoptera. Furthermore, the
basal split between Hymenoptera and the remaining
Endopterygota remains open since in that paper neu-
ropterans were not included.

More recently, a basal split of Hymenoptera was
proposed in a further study which was based on an
impressive morphological character set (BEUTEL et al.
2010a). The paper also includes a discussion in the
context of recently published molecular data. In con-
trast to WIEGMANN et al. (2009), in the trees presented
by BeuTeL et al. (2010a) the Neuropterida appear as
the sister group of the remaining Endopterygota (ex-
clusive of Hymenoptera). Thus, there is no sister group

relationship between Neuropterida and Coleoptera. In
spite of the fact that the study of BEUTEL et al. (2010a)
presented the largest morphological character set ever
used so far, the resulting trees are poorly supported
in the basal splittings. For instance, the 50% majority
rule consensus tree of the Bayesian analysis presents
a tetrachotomy of (1) Neuropterida, (2) Coleoptera +
Strepsiptera, (3) Hymenoptera, and (4) a group con-
taining the remaining orders. However, not even the
latter group is well supported. This lack of morpho-
logical support is exemplified by the following con-
flicts: ‘Basal’ Hymenoptera are conflicting with the
presumed ancestral characters of Raphidioptera, e.g.,
the pharate adult, as already accentuated by KRrISTENS-
EN (1999). A further point of disagreement comes from
the primitive male genital sclerites of Raphidioptera
(U. Aspock & H. Aspock 2008). These key characters
still point into the direction of a basal split of Neu-
ropterida. And finally, there is a lack of convincing
synapomorphies of the Endopterygota except Hyme-
noptera.

Phylogenetic relationships among
Raphidioptera, Megaloptera, and
Neuroptera

Mono- or paraphyly of Megaloptera?

Monophyly of Raphidioptera and of Neuroptera is
undisputed (e.g., KrRISTENSEN 1999; H. Aspock et al.
1991; U. Aspock et al. 2001; WINTERTON et al. 2010;
HarING et al. 2011), while the monophyly of Megalo-
ptera has been discussed repeatedly, e.g., in the context
of analyses based on the ovaries (e.g., STYs & BiLIns-
K1 1990). But BuninG (1994, 2005), who summarised
these studies, concluded that the ovaries are no suit-
able traits due to ““ ... several switches between poly-
trophic and telotrophic ovaries ...” having occurred
during the radiation of ancient insect taxa.

However, the controversy continued as in the com-
prehensive morphological analysis of BEUTEL et al.
(2010a; comprising all Endopterygota) Megaloptera
are the only non-monophyletic order: The family
Corydalidae appears as sister group of Raphidioptera.
However, BEUTEL et al. (2010a) themselves consider
that this relationship may be an artefact, caused by the
advanced predacious habits in the larvae of the two
groups. Furthermore, this contradicts results presented
by some of the authors in an earlier analysis resulting
in monophyletic Megaloptera (BEUTEL & FRIEDRICH
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2008). The latter analysis revealed several synapomor-
phies in the larval heads of both families, e.g., a special
sensillum on the antepenultimate larval antennomere, a
vestigial salivary duct, and a verticopharyngeal muscle
with several subcomponents. Monophyletic Megalo-
ptera were also supported in an analysis of male genital
sclerites (U. Aspock & H. Aspock 2008), with the ever-
sible sacs within the fused gonocoxites 11 being the
important synapomorphy. The most recent monograph
on the Megaloptera of China by YanG & Liu (2010)
also corroborates the monophyly of this “archaic”
looking group, the arguments being the fusion of Sub-
costa and Radius at the tip of the wing and the posses-
sion of abdominal gills in the first instar larva.

Molecular genetic analyses are not concordant
concerning the monophyly of Megaloptera. The first
molecular phylogeny of Neuropterida (HarRING & U.
Aspock 2004) based on two mitochondrial genes (16S
rRNA, COIII) ended up with monophyletic Megalo-
ptera. Later, WINTERTON et al. (2010) proposed para-
phyletic Megaloptera. They presented a molecular phy-
logeny based on two nuclear (CAD, 18S rRNA) and
two mitochondrial genes (16S rRNA, COII) which
was combined with morphological data. While the
purely DNA based tree of WINTERTON et al. (2010) re-
vealed Corydalidae as the sister group to all remain-
ing Neuropterida (but without convincing support),
in the combined trees either Sialidae or Corydalidae
branched off from the most basal node, depending
on the tree building algorithm. Interestingly, the tree
based on morphology alone resulted in monophyletic
Megaloptera. Thus, the contradictory results do not
allow drawing unambiguous final conclusions on the
question of monophyletic Megaloptera. Unfortunate-
ly, the study of WiEGMANN et al. (2009) could not con-
tribute to this problem, as only one species of Mega-
loptera was included (Nigronia sp., Corydalidae).

Given the lack of convincing arguments for para-
phyletic Megaloptera the hypothesis of monophyletic
Megaloptera (HArRING & U. Aspock 2004; U. Aspock
& H. Aspock 2008; BEUTEL & FriebricH 2008) is the
premise for the following discussion of the sister group
relationships among the three orders of Neuropterida:
(1) Raphidioptera + Megaloptera, (2) a trichotomy of
Raphidioptera — Megaloptera — Neuroptera, (3) Mega-
loptera + Neuroptera.

Raphidioptera + Megaloptera?

The hypothesis of a clade Raphidioptera + Mega-
loptera has been discussed repeatedly in the past
and has most recently been advocated by, e.g., BEu-
TEL et al. (2010a) in the endopterygotan context, al-

though in their analyses Megaloptera are paraphyletic
(i.e., Sialidae + (Corydalidaec + Raphidioptera)). In
that morphological analysis two synapomorphies of
Megaloptera and Raphidioptera are emphasised: (1)
The distinctly flattened larval heads. However, we
consider this as a symplesiomorphy of Megaloptera
and Raphidioptera, both having also simple chewing
mouthparts. In contrast, the architecture of the larval
heads of the Neuroptera is highly influenced by the
complex sucking tubes and thus represents a derived
condition. (2) The prognathous heads of adult Raphid-
ioptera and Megaloptera. But again, this is more likely
a symplesiomorphy of these orders, irrespective of
para- or monophyletic Megaloptera. The orthogna-
thous heads of the Neuroptera are characterised by the
loss of the gula, which can be plausibly understood
as an autapomorphy (BEUTEL et al. 2010c). Whether
the loss of the gula eventually induced the enormous
heterogeneity of head forms and mouth parts remains
speculative.

The comprehensive analysis of the Neuropterida
by WINTERTON et al. (2010) comprises a huge data set
of molecular and morphological characters. However,
this study does not provide clear insights concerning
the relationships between Raphidioptera and Mega-
loptera. In most trees Megaloptera are paraphyletic
(see above), but support for the various topologies is
in general weak as commented by the authors them-
selves. Moreover, the trees in general show very low
support values. The only tree showing a sister group
relationship of Raphidioptera + Megaloptera is based
on morphology alone and does not display any support
values at all.

Only recently a sister group relationship of Mega-
loptera + Raphidioptera has been hypothesized in the
context of a graph illustrating the evolution of the fe-
male postabdomen (HONEFELD et al. 2012: fig. 6). In
the legend it is written “Raphidioptera, with secondary
ovipositor”. However, the ovipositor of Raphidioptera
can be clearly deduced from the primitive archacogna-
than pattern, only the extreme elongation of the ninth
gonocoxites and the complete fusion of the eighth
gonapophyses are derived conditions (U. Aspock & H.
Asprock 2008).

Unresolved trichotomy of Raphidioptera —
Megaloptera — Neuroptera

An unresolved trichotomy of Neuropterida (Raphidio-
ptera — Megaloptera — Neuroptera) was presented in a
paper of WHEELER et al. (2001) in the frame of a huge
analysis of Hexapoda. Despite the impressive data set
— 275 morphological variables from literature (referen-



Arthropod Systematics & Phylogeny 70 (2)

123

Neuroptera

Megalopteral
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Fig. 1. Sister group relationships among the three orders of Neuropterida proposed by HARING & U. Aspock (2004) and U. Aspock

& H. Aspock (2008).

ces in WHEELER et al. 2001) were combined with DNA
sequence data of 18S and 28S rRNA genes — there was
no resolution of the sister group relationships of the
three orders. However, this lack of resolution might be
due to the quality of the morphological characters as
discussed in Krass (2007).

Megaloptera + Neuroptera?

A clade Megaloptera + Neuroptera emerged in two
huge analyses in the context of a phylogeny of Hexa-
poda (KJER et al. 2006) or Endopterygota (CAMERON
et al. 2009). KJEr et al. (2006) analysed the Hexapoda
based on 170 morphological characters in combina-
tion with DNA sequence data from several genes: the
nuclear genes for 28S rRNA, 18S rRNA, histone H3,
and elongation factor EF-1a, as well as the mitochon-
drial genes for cytochrome oxidase subunits 1 and 2
(COI, COll), 12S rRNA and 16S rRNA plus their in-
tervening tRNA. In the trees of this analysis Megalo-
ptera + Neuroptera is well supported, although it has
to be mentioned that Neuropterida are represented by
one genus from each order only.

CaMERON et al. (2009) in their analysis of Hexapo-
da — curiously enough — emphasize the Neuropterida
even in their title: “A mitochondrial genome phylo-
geny of the Neuropterida (lace-wings, alderflies and
snakeflies) and their relationship to the other holome-
tabolous insect orders”. This is unique in the exten-
sive endopterygotan analyses. The analysis is based on
complete mitochondrial genomes of seven hexapodan
orders and provided good support for Megaloptera +
Neuroptera irrespective of the algorithm and set of
genes used. However, the three neuropteridan orders
are represented by only one species each. The limited
information (probably based on sequence saturation)
provided by the mt sequence data is exemplified by
the fact that Raphidioptera are located at different po-

sitions in the various trees, and in most cases do not
cluster with Megaloptera + Neuroptera.

A sister group relationship of Megaloptera and
Neuroptera emerged in our molecular genetic analy-
sis (HARING & U. Aspock 2004) and in our analysis of
the genital segments (U. Aspock & H. Aspock 2008),
both studies dedicated to the Neuropterida. The former
analysis was based on one nuclear (18S rRNA) and
two mitochondrial (COI, 16S rRNA) genes and result-
ed in a tree still containing several poorly supported
nodes; it thus remained ambiguous in some aspects.
This is due to several factors such as considerable rate
differences between lineages, partly leading to long
branch attraction, as well as sequence saturation in the
mt genes. EF-1a proved to be not applicable due to
the existence of paralogous sequences. Nevertheless,
the DNA sequence data clearly favoured a sister group
relationship of Megaloptera and Neuroptera, which
is in accordance with the morphology based data (U.
Aspock & H. Aspock 2008) and the four main syna-
pomorphies of these two orders: (1) elongation of the
larval stipites, (2) integration of the larval cardines
into the head capsule, (3) the complex organisation
of trichobothria in the ectoproct in form of a rosette,
which we regard as a derived character status, and (4)
male gonocoxites 9 becoming appendices of tergite 9
(U. Aspock & H. Aspock 2010).

Neuropteridan basal dichotomies and
character evolution

Assuming that Megaloptera and Neuroptera form a
clade, Raphidioptera are ipso facto their adelphotaxon.
These sister group relationships among the three or-
ders of Neuropterida are illustrated in Fig. 1.

The sister group relationships are meaningful in the
context of evolution of characters related to aquatic vs.
terrestrial life style: While all Raphidioptera have ter-
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families in the context of disrupted Hemerobiiformia

are presented.

Nevrorthiformia

restrial larvae, the larvae of Megaloptera are aquatic
and generally have closed stigmata. Only certain spe-
cies, e.g., Neohermes californicus (Corydalidae: Chau-
liodinae), have larvae possessing closed as well as
open stigmata. Among Neuroptera, only Nevrorthidae
and Sisyridae have aquatic larvae with closed stigma-
ta, while the larvae of all others are terrestrial. Zwick
(1967) discussed the closed stigmata of Sisyridae and
Nevrorthidae as convergence. However, he did so with-
out considering Megaloptera and under the assumption
that Osmylidae are the sister group of Nevrorthidae.
He further suggested that the phylogenetic relevance
of the stigmata would only be given if the concerned
taxa shared an aquatic life style as a synapomorphy,
but this is not congruent with his interpretation. None-
theless, in the light of the Megaloptera + Neuroptera
hypothesis, the most parsimonious assumption is that
their common stem species acquired aquatic larvae
and that the terrestrial life style of Neuroptera larvae
evolved secondarily (U. Aspock et al. 2003), which in-
volved the reopening of the stigmata (as it has to be
assumed quite clearly for N. californicus).

When discussing the aquatic life style, the evolu-
tion of strategies for providing oxygen has to be con-
sidered. Larvae of Megaloptera have abdominal gills
throughout all instars, while the larvae of Sisyridae
show them only in the second and third instar. The lar-
vae of Nevrorthidae lack abdominal gills; they gain
oxygen via their body surface. Whether the abdominal
gills in larvae of Megaloptera and Sisyridae represent
the ground pattern or are parallel adaptations remains
to be discussed. Assuming that the abdominal gills
evolved in the stem species of Megaloptera + Neu-
roptera, it must be concluded that they have been lost
secondarily in Nevrorthidae. This could be explained
by high amount of oxygen in the fast running waters
which are the typical biotopes of Nevrorthidae.

In general, completely free Malpighian tubules (as
found in terrestrial larvae of Raphidioptera as well as
aquatic larvae of Megaloptera and Neuroptera) are con-
sidered as the ancestral state (U. Aspock & H. Aspock
2005). The cryptonephry of the terrestrial larvae of the
Neuroptera (i.e., several or all Malpighian tubules at-
tached to the hindgut; GAuMONT 1976) is an adaptation
in response to the secondary terrestrial lifestyle and can
be interpreted as a synapomorphy of the terrestrial fam-
ilies (U. Aspock 1995, 2002; U. Aspock & H. Aspock
2010). The weak cryptonephry of the aquatic larvae
of Sisyridae with (only) one mounted Malpighian tu-
bule may be an adaptation to their special habitat (they
are parasites of fresh water sponges and bryozoans).
Our former interpretation that the single cryptonephric
Malpighian tubule represents the reminiscence of a ter-
restrial intermezzo of the Sisyridae (U. Aspock 1992)
does not appear plausible in the light of recent molecu-
lar trees, but still remains an optional hypothesis.
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The seventeen families of the hetero-
geneous Neuroptera and their promis-
cuous statuses

The different hypotheses on the phylogenetic rela-
tionships among neuropteran families are reflected by
competing concepts concerning the number and com-
position of suborders as well as the basal bifurcations.
The morphology based three-suborder-concept initial-
ly presented by U. Aspock (1992, 1995), corroborated
by U. Aspock et al. (2001) and further confirmed by
BEUTEL et al. (2010b) divides Neuroptera into Nevror-
thiformia, Myrmeleontiformia and Hemerobiiformia
with the latter two being sister groups. In this concept
(illustrated in Fig. 2) a compact larval head capsule
with a big gula is retained in Nevrorthiformia. In Myr-
meleontiformia the compact head capsule became
highly derived by a shift of the tentorium to the ante-
rior part of the head and by a largely reduced gula and
enlarged basal sclerites covering the huge musculature
operating the big sucking tubes. In Hemerobiiformia
the loss of the compact head capsule in larvae led to
the formation of the so-called “maxillary head” (U.
Aspock 1992). Thus, the ventrally highly modified
sclerites of the larval head of the Hemerobiiformia do
not correlate with a primitive type of feeding as as-
sumed by MacLEtop (1964). For the sake of complete-
ness it should be mentioned that an alternative hy-
pothesis proposing the relationships (Nevrorthiformia
+ Myrmeleontiformia) + Hemerobiiformia was dis-
cussed by U. Aspock (1993), based (1) on the special
articulation of the larval heads of Nevrorthiformia and
Myrmeleontiformia as a synapomorphy, and (2) on
pleuritocavae found in male specimens of some repre-
sentatives which might be interpreted as an underlying
synapomorphy. In this concept terrestrial larvae would
have evolved twice.

Several other studies based on morphological as
well as genetic data resulted in phylogenies differing
in multiple aspects of interfamiliar relationships. But
the common feature of all these trees is that Hemero-
biiformia are paraphyletic with several families split-
ting as independent lineages: either Sisyridae, Os-
mylidae and the polystoechotid clade (HArNG & U.
Aspock 2004; U. Aspock & H. Aspock 2008), or Coni-
opterygidae, Sisyridae, Dilaridae, Osmylidae and the
berothid clade (WinTERTON et al. 2010), or Sisyridae,
the polystoechotid clade, and a clade comprising Os-
mylidae, Hemerobiidae and Chrysopidae (ZIMMER-
MANN et al. 2011). Among these studies the question
of the most basal bifurcation in Neuroptera was dis-
cussed controversially. A basal split of Nevrorthidae
was supported in two studies (HARING & U. Aspock

2004; U. Aspock & H. Aspock 2008), while in other
analyses Sisyridae (ZIMMERMANN et al. 2011) or Coni-
opterygidaec (WINTERTON et al. 2010) compete for the
first bifurcation. It should be noted, however, that the
basal split of the Sisyridae (ZIMMERMANN et al. 2011)
is apparently based on a symplesiomorphy: the larval
poison gland and poison channel present in all Neu-
roptera except Sisyridae was plausibly lost in Sisyri-
dae as an adaptation to their life style in freshwater
sponges (no necessity of extraintestinal digestion).
The position of Coniopterygidae is traditionally prob-
lematic. Their sister group relationship with Dilaridae
in HarING & U. Aspock (2004) was interpreted as a
presumable result of long branch attraction. In other
studies the Coniopterygidae appeared as sister group
of the whole dilarid clade (Dilaridae + (Mantispidae
+ (Rhachiberothidae + Berothidae))) (U. Aspock & H.
Asrock 2008; BEUTEL et al. 2010b; ZIMMERMANN et al.
2011) or as sister group of all remaining Neuroptera
(WiNTERTON et al. 2010). The latter topology obtained,
however, high support only in the combined (gene se-
quences + morphology) tree, while in the solely DNA
based tree the respective node was not supported at
all. The disruption of Hemerobiiformia has emerged
from various analyses, but in different ways depend-
ing on the analytical methods and markers used. This
concerns mainly the families Coniopterygidae, Sisyri-
dae, Osmylidae and Dilaridae, which are instable in
their positions. A variety of topologies resulted from
the studies mentioned above but the relationships re-
main ambiguous in many aspects as in all trees there is
only weak support for most deeper nodes. A tree illus-
trating the hypothetical relationships emerging from
our previous analyses (HARING & U. Aspock 2004; U.
Aspock & H. Aspock 2008) is shown in Fig. 3. As-
suming that the secondary closure of the head capsule
is an extremely improbable event (not principally, but
in the special form it is present in recent Myrmeleon-
tiformia), the opening of the head capsule (giving rise
to the maxillary head) should have occurred four times
independently.

Finally, there are some groups that are stable and
well supported in all analyses: Myrmeleontiformia,
Hemerobiidae + Chrysopidae, Ithonidae + Polys-
toechotidae. The result of Polystoechotidae nested
within paraphyletic Ithonidae (HARING & U. Aspock
2004) was recently supported by WINTERTON & Ma-
KARKIN (2010). All analyses except HARING & U. As-
POCK (2004) agree in accepting a berothid clade, either
with Berothidae + Rhachiberothidae as sister group of
Mantispidae (U. Aspock & MANSELL 1994; U. Aspock
& H. Aspock 2008) or with Rhachiberothinae nested
within Berothidae (TJEDER 1959; MacLEop & Apawms
1967) or within Mantispidae (WINTERTON et al. 2010).

Concerning the internal relationships within Ber-
othidae, so far six subfamilies have been promoted:
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Nyrminae, Cyrenoberothinae, Protobiellinae, Tricho-
matinae, Nosybinae and Berothinae (U. Aspock 1989;
U. Aspock & NEMESCHKAL 1998). In connection with
the rediscovery and redescription of the enigmatic ge-
nus Omiscocerus Blanchard, 1851 by PEnny & WIN-
TERTON (2007), it was overlooked that this genus ap-
parently is related to the genus Nyrma Navas, 1933
from Anatolia. Only recently, in quite another context,
WiNTERTON (2010) mentioned the similarity of the two
genera, suggesting that both belong to the Cyrenober-
othinae, ignoring the already established subfamily
Nyrminae (Aspock & NEMESCHKAL 1998), to which
Nyrma and the redescribed Ormiscocerus belong.

Concerning the internal relationships within Co-
niopterygidae the hypothesis of ((Brucheiserinae +
Coniopteryginae) + Aleuropteryginae) has been re-
cently presented (ZIMMERMANN et al. 2009) based on
the following synapomorphies: (1) The larvae of Co-
niopteryginae and Brucheiserinae have laterally ex-
tended heads as a result of the prominence of the ocu-
lar regions. (2) The larvae of both subfamilies possess
sucking stylets which barely project beyond the tip
of the labral margin. Assuming this sister group rela-
tionship, the plicatures (sac-like segmental structures
on the abdomen forming two lateral rows in Aleuro-
pteryginae and Brucheiserinae and an additional ven-
tral row in the latter; function unknown) should be
interpreted as belonging to the ground pattern of the
Coniopterygidae, and their absence in Coniopterygi-
nae as a secondary loss. Furthermore, also the pres-
ence of wax glands is understood as belonging to the
ground pattern of the family, despite their reduction in
Brucheiserinae.

Conclusio

The phylogeny of Neuropterida is of significance with
respect to our understanding of the reconstruction of
character evolution and the evolution of life styles of
the larvae. It is an unsatisfying fact that, despite the
numerous studies dedicated to the phylogeny of Neu-
ropterida and their position within Endopterygota,
these questions still are far from being solved. The
reasons for this lack of unambiguous resolution are di-
verse. Morphological characters are prone to the prob-
lems resulting from convergence and interpretation of
ambiguous character polarity. DNA marker sequences
often are insufficient for various reasons (too short se-
quences, mutational saturation, lack of information).
Moreover, incomplete taxon sampling and data ma-
trices contribute to the problem. In addition it cannot

be ruled out that the difficulties to achieve a final un-
ambiguous solution are due to the fact that the evolu-
tionary splits leading to the various lineages presently
known as orders and suborders occurred rather fast.
Presently, our attention is focused on advanced mo-
lecular biological methods, in particular on on-going
analyses of transcriptomes, which may answer the
open questions in the near future.
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