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Abstract. The first comprehensive phylogenetic study of the wasp tribe Cryptini
(Hymenoptera, Ichneumonidae, Cryptinae) is presented, based on 109 morphological
characters and molecular data from seven loci. The dataset includes 370 species, 308 of
which are from Cryptini, covering 182 of its 250 genera. Results from parsimony and
likelihood analyses are generally congruent. The topology has several implications for
ichneumonid higher-level classification. Previous definitions of the Ichneumoniformes
clade are supported, though newly including the Microleptinae. The cryptine subtribe
Ateleutina is consistently recovered outside of the Cryptini clade and should be treated
as a separate subfamily, Ateleutinae stat.n. The tribe Phygadeuontini is shown to
be polyphyletic: while most of the sampled taxa were recovered in a single clade,
many of its members are more closely related to the Ichneumoninae, Ateleutinae or
Cryptini. Pending a more detailed study, the group should be treated as a separate
subfamily, Phygadeuontinae stat. rev. The former Hemigastrini are recovered as largely
monophyletic but with important exceptions. Hemigaster Brullé is recovered as part of
the Phygadeuontini and is transferred to that group. Echthrus Gravenhorst is consistently
recovered as part of Cryptini, rendering Aptesini as the correct name for the tribe. The
subfamily Cryptinae should be restricted to the tribes Aptesini and Cryptini. Within
Cryptini, the results show little support for the current subtribal classification, with most
subtribes recovered as polyphyletic. A number of relatively stable clades are identified
and discussed, but the relationships among them are weakly supported. Most of these
clades are morphologically heterogeneous and building a subtribal classification based
on them would be ineffectual; they are therefore treated under the informal designation
of genus groups. The results highlight the ubiquity of morphological homoplasy in
Cryptini, and provide a framework from which to address further systematic and
evolutionary questions on this hyperdiverse group of parasitic wasps.

Introduction

Parasitic wasps of the family Ichneumonidae comprise one of
the most diverse, widespread and ecologically important groups
of terrestrial organisms. Ichneumonids are common in almost
all terrestrial environments, from the Arctic tundra to equatorial
rainforests and deserts, but also in urban gardens and agricultural
fields. The family includes over 24 000 described species (Yu
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et al., 2012), but the actual number may be close to 100 000
(Gauld, 2002), making the Ichneumonidae one of the most
speciose insect families.

Ichneumonidae are a well-established monophyletic group
(Sharkey & Wahl, 1992; Sharkey et al., 2012), but their internal
phylogeny has been only superficially investigated (e.g. Wahl &
Gauld, 1998; Quicke et al., 2000, 2009). One of the relatively
solid results emerging from previous phylogenetic work was the
monophyly of a group of subfamilies named the Ichneumoni-
formes (Wahl, 1993a). According to the most recent accounts
(Quicke et al., 2009; Quicke, 2015), this lineage includes the
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Adelognathinae, Agriotypinae, Cryptinae and Ichneumoninae,
as well as the Alomyinae (sometimes considered a subgroup of
Ichneumoninae).

Cryptinae are the largest subfamily of Ichneumonidae, with
408 genera and over 4500 species of worldwide distribution
(Yu et al., 2012). There is no easy morphological diagnosis for
Cryptinae, but most species can be recognized by having the
clypeus convex; sternaulus conspicuous; first metasomal tergite
with spiracle at or beyond the middle; and a distinct areolet (cell
1+ 2Rs) on the forewing.

Cryptinae are currently divided into three tribes; all of them
occur worldwide but differ in abundance and diversity in differ-
ent areas. Hemigastrini (‘Hemigastrini’ is to be preferred over
the commonly used “Hemigasterini”; see Burks, 2012) are a rel-
atively small group (26 genera), with the vast majority of taxa
restricted to the Holarctic region. Most species are parasitoids
of lepidopteran pupae under leaf litter (Gauld, 2006). While the
taxonomic definition of the other two tribes has been relatively
stable, the limits of Hemigastrini have been the object of consid-
erable discussion (see later). Phygadeuontini are a larger group
and one of the dominant groups of Ichneumonidae in temperate
regions (van Baarlen et al., 1996). They are mostly associated
with weakly cocooned hosts, with exceptions including the large
genus Gelis Thunberg, which attacks spider egg sacs. Cryp-
tini, the main subject of this study and discussed in more detail
later in this paper, are the largest tribe and the most biologically
diverse, currently with 250 genera and around 2400 species (Yu
et al., 2012 and more recent additions). The group occurs world-
wide but is particularly abundant and species-rich in the tropics,
where it also includes many large and colourful species, making
them the most conspicuous of all ichneumonids (Townes, 1970).

Taxonomic history and nomenclatural issues in Cryptinae

Cryptinae as a whole have a convoluted nomenclatural history
(see Fitton & Gauld, 1976, 1978; Gauld 1995). The controversy
essentially arises from the fact that the name Cryptus Fabricius
1804 is a homonym of Cryptus Jurine 1801 and Cryptus Panzer
1804 (both Hymenoptera, Argidae). In spite of this, the name
Cryptinae was still applied throughout the first half of the 20th
Century, and some authors favoured the establishment of a
nomen conservandum motion by the International Commission
of Nomenclature (ICZN). Through ICZN’s Opinions 135 (1939)
and 157 (1945), Cryptus Jurine 1801 was suppressed and
Cryptus Fabricius was included in the Official List of Generic
Names in Zoology. The ICZN did not, however, suppress
Cryptus Panzer 1804.

Henry K. Townes, the most influential author on Ichneu-
monidae in the 20th Century, rejected the ICZN rulings
and used an idiosyncratic nomenclatural system, naming
family-name groups after the oldest included genus. He treated
the subfamily as ‘Gelinae’ (Townes & Townes, 1962, 1966;
Townes, 1970) and referred to Cryptus Fabricius as Itamoplex
Förster. Fitton & Gauld (1976, 1978) reviewed the contro-
versy and concluded that the correct subfamily name would
be Phygadeuontinae Förster. Under both Townes’ and Fitton

and Gauld’s nomenclature, the tribe that would otherwise be
known as Cryptini was treated as ‘Mesostenini’. It was not until
1994 that ICZN’s Opinion 1757 suppressed all prior usages of
Cryptus in favour of Cryptus Fabricius and re-established the
names Cryptinae and Cryptini, leading to the currently adopted
taxonomy.

Phylogeny of Cryptini

In spite of their diversity and ubiquity, Cryptini remain poorly
understood from a taxonomic and phylogenetic perspective,
from species diversity to the higher-level classification. The
group has been regarded as taxonomically difficult or challeng-
ing by many authors (Gauld, 1984; Aguiar, 2005; Laurenne,
2008). This derives both from their overwhelming diversity
and because most taxa display a confusing array of similarities
and subtle differences, resulting in high levels of homoplasy in
morphological datasets (e.g. Aguiar, 2005; Santos et al., 2009;
Santos & Aguiar, 2013; Tedesco & Aguiar, 2013).

Although the monophyly of Cryptini is relatively well
established (Laurenne et al., 2006), the internal classification
of the tribe is in disarray. The world genera were arranged
in 15 subtribes by Townes (1970), and most of the genera
described subsequently were placed following Townes’ sub-
tribal arrangement. This classification, however, was based on
often subjective and unreliable characters, and Townes himself
admitted that some of the subtribes were at least ‘partially
artificial’ (Townes, 1970, p. 141).

Aguiar (2005) used morphological characters to investigate
the phylogeny of Gabuniina, one of the most consistent sub-
tribes from a morphological and biological point of view. His
analyses recovered Gabuniina as a monophyletic group, but did
not explore the results for other cryptine taxa. Similarly, sub-
sequent morphological analyses (Santos & Aguiar, 2008, 2012,
2013; Santos et al., 2009; Tedesco & Aguiar, 2009, 2011, 2013)
focused on the monophyly and placement of particular genera
and did not provide any insight on the validity of Townes’
subtribes.

The largest investigation of the phylogeny of Cryptinae to date
(Laurenne et al., 2006) used molecular data from the D2–D3
regions from 28S rRNA, including 88 members of Cryptini
from 13 of the 15 subtribes. The resulting trees recovered the
three Cryptinae tribes as largely monophyletic groups, the main
exceptions being: (i) some genera of Phygadeuontini and Cryp-
tini were placed outside of the main cryptine clade; and (ii) a few
Phygadeuontini and Hemigastrini were placed within Cryptini,
some of them only under certain gap costs. Their results have
shown little support for Townes’ subtribal classification, with
almost all subtribes recovered as para- or polyphyletic.

Albeit important, the study by Laurenne et al. (2006), had a
number of limitations. First, many taxa had only preliminary
identifications, such as ‘Goryphina sp. A’, or uncertain generic
placements. Second, some clearly misplaced terminals have led
to the speculation of laboratory contamination across samples
(Quicke, 2015; G. Broad, personal communication). Third,
the topology recovered varied widely depending on different
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gap-substitution cost ratios, which led to a poorly resolved
consensus and low overall support for the results. As a result,
the authors did not propose an alternative classification for
Cryptini, but instead suggested the abandonment of the sub-
tribal arrangement in favour of more informal genus groups.
Later on, that dataset was used in the family-level phylogeny
produced by Quicke et al. (2009), resulting in essentially the
same topology for Cryptinae.

The present work is an effort to undertake the first compre-
hensive phylogenetic study for Cryptini. The goal is to provide
a more thorough test of the monophyly of Cryptinae as a whole,
including a comprehensive sampling of outgroup taxa; to test
the validity of the currently recognized tribes; and to investi-
gate Townes’ subtribal system. As a consequence, systematic
problems with implications for the higher-level classification of
Ichneumonidae are also addressed.

Material and methods

Taxon sampling

Representative specimens for 308 species from 181 genera
of Cryptini from all biogeographic regions were sampled for
this study, including all 15 subtribes (Appendix S1). Of these,
Stetholophus axillaris Townes and Vagenatha spinosa Cameron
(Vagenathina) were represented only by morphological char-
acters because DNA-grade specimens could not be obtained
for sequencing. Nine species were represented by molecular
data only, as the respective specimens were sequenced from
tissue samples and were not available for morphological cod-
ing. All other taxa were represented by both morphological data
and molecular data from at least two loci (see Appendix S1).
Fifteen species from Hemigastrini and 18 from Phygadeuon-
tini were also sampled. The outgroup was completed by 13
species of Ichneumoninae and by 16 representative species of 14
other ichneumonid subfamilies: Adelognathinae, Agriotypinae,
Banchinae, Brachycyrtinae, Campopleginae, Claseinae, Cre-
mastinae, Eucerotinae, Labeninae, Mesochorinae, Microlepti-
nae, Pimplinae, Tryphoninae and Xoridinae. The tree was rooted
with the xoridine Odontocolon albotibiale (Bradley), following
previous results that point to Xoridinae as the earliest diverging
lineage in Ichneumonidae (Quicke et al., 1999, 2000). Almost
all specimens of Cryptini were identified by the author, often
by comparison with type specimens or other synoptic material.
Four specimens were determined by Seung-Ho Oh (Yeungnam
University, Republic of Korea). Outgroup specimens were deter-
mined by the author, Andrew Bennett (Canadian National Col-
lections of Insects, Arachnids and Nematodes, Canada) or David
Wahl (American Entomological Institute, USA).

The taxonomy, classification and assignment of supraspe-
cific taxa mostly follow the catalogue of Yu et al. (2005), with
addition of the genera described after that date. The taxon-
omy of the most recent catalogue (Yu et al., 2012) was not
adopted as it retains confusing implications of the nomenclatural
conflict between Townes’ systems and the ICNZ rules pre- and
post-Opinion 1754.

Table 1. Summary of information for each locus of the molecu-
lar dataset, including average length of unaligned sequences; length
of the aligned dataset; number of invariable, autapomorphic and
parsimony-informative sites; and GC content.

Unaligned Aligned Invariable Autapomorphic ParsIn GC

16S 512.5 921 431 103 387 20.3%
18S 870.3 989 884 55 50 49.8%
28S 779.2 997 554 143 300 58.5%
ArgK 527.4 565 316 41 208 52.6%
COI 676.6 1121 462 109 550 27.7%
Pol 665.6 867 516 44 307 48.0%
Wg 433.3 898 445 210 243 54.8%

16S, 16S rRNA; 18S, 18S rRNA; 28S, 28S rRNA; ArgK, arginine kinase;
COI, cytochrome oxidase I; pol, RNA polymerase II; Wg, wingless.

Molecular data

Genomic DNA was extracted from sample tissue using stan-
dard protocols for the DNeasy Blood and Tissue Kit (Qiagen,
Düsseldorf, Germany) following the manufacturer’s guidelines.
The sampled specimens had been variously preserved in either
95% ethanol or 70–80% ethanol or dried. In most cases, one or
two legs were ground for tissue lysis, but for some taxa the whole
body was soaked in buffer and recovered after the tissue lysis.

Seven gene regions were amplified: mitochondrial cytochrome
oxidase I (COI) and 16S rRNA (16S), and nuclear 18S rRNA
(18S), 28S rRNA (28S), wingless (Wg), arginine kinase (ArgK)
and RNA polymerase II (pol). Amplifications were conducted
using published or newly designed primers (Appendix S2).
Different loci had various degrees of success in amplification
and sequencing (see Appendix S1), but overall gene coverage
was 85%, meaning on average six genes were sequencing per
taxon. Basic information for each partition is summarized in
Table 1.

Amplifications were performed in 25 μL using 2.0 μL of tem-
plate DNA, 1.0 μL of each primer at 10 μm concentration,
21.0 μL of water and illustra PuReTaq Ready-To-Go PCR Beads
(GE Healthcare Life Sciences, Little Chalfont, U.K.), with var-
ious thermocycler programs (Appendix S2). Amplified samples
were purified with Agencourt AMPure XP beads (Beckman
Coulter, Brea, CA, U.S.A.). Sequencing was performed in both
directions in a 96-well ABI PrismTM 3730xl automated DNA
sequencer (Applied Biosystems, Inc., Foster City, CA, U.S.A.).
The resulting sequences were trimmed to exclude primer
regions; for protein coding genes, sequences were also checked
for stop codons and for reading frame shifts by examining trans-
lation alignments of the nucleotide data, generated in geneious
v8.1.8 (Biomatters), against the sequence chromatograms.

Morphological data

Morphological terminology follows Santos & Aguiar (2013),
except that, for simplicity, the ‘posterior transverse carina of
the mesothoracic venter’ is called ‘postpectal carina’ and the
cell 1+ 2Rs is referred to as ‘areolet’. A total of 109 discrete
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characters were delimited (see Appendix S3 and Figs 1–3),
mostly adopted or modified from previous morphological matri-
ces (Santos & Aguiar, 2012, 2013; Tedesco & Aguiar, 2013).
Many characters from these previous works were modified or
reinterpreted, and some were excluded for being subjective or
continuous in nature, or simply not phylogenetically informa-
tive to the scope of the current analysis. Of the 109 characters,
52 are binary and 57 are multi-state. Characters were delim-
ited from external morphology, distributed in the following body
parts: head (21 characters), thorax (28), propodeum (11), wing
venation (21), metasoma (14) and ovipositor (14).

Characters were almost always coded from the same specimen
from which DNA was sequenced, but in a few cases, conspecific
specimens were used to complement the morphological coding.
This included some taxa for which only males could be obtained
for sequencing, or when body parts were lacking in specimens
destructively sampled for DNA. Males were used for character
coding when no females were available, leaving characters
subject to sexual dimorphism (e.g. ovipositor characters) as
missing data.

Analyses

Alignment
Multiple sequence alignment was conducted in mafft v.5
(Katoh et al., 2005). Default parameters were used for COI, Pol
and Wg, for which the alignment is relatively trivial. For ArgK, a
large intron sequence was removed based on the reference trans-
lations of the gene available for Sinophorus townesorum San-
borne and Tranosema rostrale (Brischke). Removal of introns
was done in light of the misleading effects that such sequences
can have in phylogenetic analyses (e.g. Payne, 2014; see also
Lecointre & Deleporte, 2005). Alignment of the three ribosomal
loci was done using the E-INS-I algorithm, which is suitable for
sequences with large unalignable regions (Katoh et al., 2005).

Parsimony methods
Analyses of parsimony were conducted in tnt v1.1 (Goloboff
et al., 2008). Separate searches were performed using both
equal weights and implied weighting. For the implied weighting
analyses, the molecular and morphological character sets were
weighted separately by the average homoplasy in each partition,
using the function xpiwe] (see Goloboff, 2013 for details).

Tree search was performed using 200 hits to minimum length,
200 parsimony ratchet (Nixon, 1999) iterations (with upweight-
ing probability of 8%, downweighting probability of 4%), 100
rounds of tree drifting, 20 rounds of tree fusing and sectorial
searching (Goloboff, 1999). Clade support was estimated using
10 000 pseudoreplicates of symmetric resampling (Goloboff
et al., 2003) in tnt, reported as frequency differences (GC
scores).

Statistical methods
Model-based analyses were conducted using maximum likeli-
hood. The most appropriate models and partitioning schemes

for the molecular dataset were tested using partitionfinder
v1.1 (Lanfear et al., 2012), employing the ‘greedy’ search
algorithm under the Bayesian Information Criterion. The model
GTR+ I+Γ was chosen as the best-fit model for all genes
(each used as a single partition). The morphological dataset
was analysed using the Mk1 model (Lewis, 2001), which
assumes symmetric probabilities for changes among states.
Likelihood analyses were conducted in garli 2.0 (Zwickl,
2006). The parsimony tree obtained from the equal-weighting
parsimony analyses was used as the starting tree for the like-
lihood searches. This was done in light of the fact that branch
swapping in garli does not apply Tree Bisection-Reconnection
algorithms or tnt’s ‘new technologies’ (sensu Goloboff, 1999),
being restricted to nearest neighbour interchange and subtree
pruning and regrafting. Using the parsimony tree as the starting
tree in garli ensures that any topological differences are due to
optimality criteria rather than local optima artifacts. Analyses
were performed with 50 independent search replicates with 50
attachment sites evaluated per taxon. Each search used four indi-
viduals per generation, holding over one per generation with a
selection intensity of 0.5 and no penalty for holdover. Selection
strength parameters establishing the relative weights of topol-
ogy rearrangements (default 1.0), branch lengths (default 0.2),
and model parameter estimates (default 0.05) were decreased to
0.01, 0.002 and 0.002, respectively. Each search replicate was
set to run for 5 000 000 generations, or after running for 5000
generations without a change in tree topology.

Clade support was estimated by bootstrapping, allowing all
characters to be possibly resampled columns, running 100
replicates, searching on each replicate twice, and stopping
each replicate after 2500 generations without a topological
improvement. All other configuration values remained the same.
Bootstrap values were plotted onto the maximum likelihood
tree using the ‘SumTrees’ command in the dendropy python
package (Sukumaran & Holder, 2010). Various subsets of the
full dataset were analysed separately, using the same parameters:
(i) morphological characters; (ii) mitochondrial loci; (iii) nuclear
loci; (iv) ribosomal loci; (v) protein-coding loci; and (vi) all
molecular data. These were compared with the total evidence
tree in order to provide a sense of the relative impact of each
dataset in the overall results. All matrices are available as
supplementary files (Appendix S4).

Results

Morphology only

Analysis of the morphological results alone provided trees
that are considerably different from the molecular and combined
results. Equal-weights parsimony analyses recovered six most
parsimonious trees (MPTs) of 5706 steps each, consistency
index (CI) 0.031, retention index (RI) 0.569 (Table 2). The
extremely low CI is typical for Cryptini matrices (see Santos
et al., 2009; Santos & Aguiar, 2013; Tedesco & Aguiar, 2013)
and for Ichneumonidae as a whole. The strict consensus was
relatively well resolved (Appendix S5) but support was low
under all optimization criteria (Tables 2–4).
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Fig. 1. Illustrative examples of character states used in the morphological dataset. Photographed taxa do not correspond necessarily to coded
specimens. A, Chlorocryptus purpuratus; B, Dismodix sp.; C, Hoeocryptus sp.; D, Agonocryptus physocnemis; E, Cestrus arcuatus; F, Lamprocryptus
sp.; G, Digonocryptus inflatus; H, Melanocryptus delos, head frontal, showing sub-apical tooth; I, Polycyrtidea sp.; J, Cryptanura quadrimaculata;
K, Glodianus sp.; L, Agonocryptus physocnemis; M, Rhinium sp.; N, Priotomis vinhai; O, Loxopus australis. [Colour figure can be viewed at
wileyonlinelibrary.com].
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6 B. F. Santos

Fig. 2. Illustrative examples of character states used in the morphological dataset. Photographed taxa do not correspond necessarily to studied
specimens. A, Dismodix sp.; B, Trihapsis sp.; C, Nematocryptus sp.; F, Eknomia rubra; E, Diplohimas sp.; F, Polycyrtus sp.; G, Joppidium moerens;
H, Diapetimorpha sp. [Colour figure can be viewed at wileyonlinelibrary.com].

The topology of the outgroup taxa was widely inconsistent
with currently recognized ichneumonid taxonomy and previous
phylogenetic results (see Discussion section). This is not entirely
surprising, as the morphological character set was designed in
order to provide resolution among Cryptini groups. A differ-
ent set of characters, covering morphological variation on the
tribe and subfamily levels, would be needed to provide accuracy
and resolution for the topology of the outgroup taxa. For Cryp-
tini, the subtribe Ateleutina was consistently recovered outside
Cryptini, placed very close to the base of the tree. Two morpho-
logically atypical species of Cryptini, Amauromorpha accepta
(Tosquinet) and Sphecophaga vesparum (Curtis), were also near
the base of the tree. Apart from that, the Cryptini were recovered
as monophyletic, except for also including Echthrus relucta-
tor (Linnaeus) and Mansa Tosquinet sp. (both Hemigastrini).

Within Cryptini, the topology shows little correspondence to the
current classification and little similarity to the combined anal-
yses. The results also had little clade support (Tables 2–4).

Overall, these results were expected considering the high
degree of homoplasy observed for Ichneumonidae as a whole
(see the Discussion section) and the difficulties encountered
by previous authors in designing a coherent classification for
Cryptini based on morphological evidence.

Molecular partitions

Results with the complete molecular dataset were better
resolved and supported than the morphological consensus. They
were also more similar to the combined analyses (Tables 2–4).

© 2017 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12238
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Fig. 3. Illustrative examples of character states used in the morphological dataset. Photographed taxa do not necessarily correspond to studied
specimens. A, Diapetimorpha sp.; B, Baltazaria sp.; C, Harpura atriceps; D, Digonocryptus sp.; E, Lamprocryptus sp.; F, Baryceros sp.; G, Priotomis
vinhai; H, Stenarella sp.; I, Dineotropica lissa; J, Dismodix sp. [Colour figure can be viewed at wileyonlinelibrary.com].

Table 2. Numerical data for the analyses of different data partitions
under parsimony with equally weighted characters.

Partition R Score MPTs Support* RFdist

Morphology 821.9 5693 8 21.1 (60.1) 0.653
Mitochondrial 550.6 35 691 11 24.3 (62.1) 0.369
Nuclear 426.7 18 817 64 46.5 (73.2) 0.317
Ribosomal 601.9 17 888 4 32.0 (66.0) 0.387
Coding 476.9 36 904 2 33.3 (66.6) 0.499
Molecular 528.1 55 578 29 47.2 (73.6) 0.310
Combined 559.4 62 231 21 50.5 (75.2) –

R, number of rearrangements tried, in billions; score, number of steps;
MPTs, number of most parsimonious trees retained; support*, average
group support for symmetrical resampling, reported as frequency differ-
ences (absolute frequencies in parentheses); RFdist, Robinson–Foulds
distance to the topology recovered with the combined dataset.

Separate analysis of various partitions of the molecular dataset
yielded results that were much less resolved and supported,
with high topological distance from the whole molecular or
combined datasets. The nuclear and mitochondrial partitions

Table 3. Numerical data for the analyses of different data partitions
under parsimony with implied weighting.

Partition R Score MPTs Support* RFdist

Morphology 120.6 103.825 48 4 21.2 (60.2) 0.710
Mitochondrial 91.7 1719.329 45 4 24.4 (62.2) 0.657
Nuclear 83.2 2371.412 07 6 45.9 (72.9) 0.526
Ribosomal 95.5 1846.648 38 5 32.0 (66.0) 0.613
Coding 85.5 2635.734 32 2 33.5 (66.7) 0.493
Molecular 85.7 4588.502 78 3 45.0 (72.5) 0.018
Combined 94.36 4693.313 36 3 47.0 (73.5) –

R, number of rearrangements tried, in billions; score, number of steps;
MPTs, number of most parsimonious trees retained; support*, average
group support for symmetrical resampling, reported as frequency differ-
ences (absolute frequencies in parentheses); RFdist, Robinson–Foulds
distance to the topology recovered with the combined dataset.

were particularly uninformative by themselves, especially in
the equal-weights analyses. This shows that mitochondrial and
nuclear, ribosomal and coding loci all provide phylogenetic
signal in the analyses, but none of these partitions is sufficient

© 2017 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12238

wileyonlinelibrary.com


8 B. F. Santos

Table 4. Numerical data for the analyses of different data partitions
under maximum likelihood.

Partition Log L Support RFdist

Morphology −200 34.457 01 59.1 0.765
Mitochondrial −128 171.1214 65.7 0.583
Nuclear −914 91.77 192 75.4 0.475
Ribosomal −697 71.7357 69.5 0.561
Coding −153 040.6559 72.5 0.467
Molecular −227 395.0037 79.4 0.223
Combined −249 543.6134 83.7 –

Log L, the highest log likelihood scored in the search replicates; Sup-
port*, average group support for bootstrapping, reported as absolute fre-
quencies; RFdist, Robinson–Foulds distance to the topology recovered
with the combined dataset.

to provide robust results by itself. Regardless of the partition,
support was usually higher in the shallow nodes of the tree,
whereas deeper nodes were collapsed or poorly supported.

Combined analyses

In all cases, the combined dataset yielded the most highly
supported analyses (Tables 2–4). This means that, albeit only
marginally informative when analysed on their own, morpholog-
ical data provided phylogenetic signal that improved the stability
of the results.

Parsimony analyses under equal weights recovered 21 MPTs
with 62 363 steps each. Although longer, the implied weighting
and likelihood trees were only 0.31 and 0.67% longer, respec-
tively, than the equal-weights parsimony tree. (To compute the
relative length of parsimony and likelihood trees, the length of
the equal-weights parsimony tree was calculated treating gaps
as missing data (‘?’), as they are interpreted in maximum likeli-
hood implementations). The topologies recovered with different
optimality criteria were also largely congruent, although with
some important topological differences. Likelihood analyses
recovered a monophyletic Brachycyrtiformes (sensu Quicke,
2015), and the genus Agriotypus Curtis (Agriotypinae) as part
of Ichneumoniformes. Under parsimony, Agriotypus appears as
sister to either Clasis Townes (under equal weights) or Labena
Cresson (under implied weighting), while Brachycyrtus Hoffer
and Euceros Gravenhorst form a clade with Pimpla aequalis
Provancher (Fig. 4). Topological differences regarding major
groups are summarized in Figs 4 and 5.

Cryptinae were not recovered as monophyletic in any of the
analyses; the Ichneumoninae, Adelognathinae and Microlepti-
nae were always recovered within the cryptine clade (Fig. 6).
Phygadeuontini were highly polyphyletic in all analyses.
Although most of the phygadeuontine taxa were part of a single
clade, many of its members appeared as more closely related
to the Ichneumoninae, Ateleutinae or Cryptini. Hemigastrini
were recovered as largely monophyletic, with the important
exceptions that Hemigaster was recovered as sister to (or part
of) the main phygadeuontine clade, and Echthrus was part of
Cryptini. The latter tribe was essentially monophyletic, except

for the exclusion of Ateleutina, consistently recovered outside
of the Cryptini clade, and the inclusion of Echthrus and the
former phygadeuontine Helcostizus Förster.

As in the morphological and molecular data analysed alone,
the results show little support for the current subtribal clas-
sification (Figs 7–12). The small subtribes Glodianina, Sphe-
cophagina and Vagenathina, composed of two to four genera
each, were recovered as monophyletic, and Agrothereutina were
monophyletic with the exclusion of Amauromorpha Ashmead.
Most of the genera belonging to Gabuniina were recovered
in a large clade that also included Echthrus. Other subtribes
were scattered along the Cryptini clade. A number of rela-
tively large cryptine clades are consistently recovered in all
analyses (Fig. 7), but the relationships among them are weakly
supported.

Overall, the topology for Cryptini was similar for all opti-
mality criteria. The same major clades were recovered in all
analyses; the main variation had to do with the relationships
among these clades, which were usually relatively unstable and
poorly supported even within optimality criteria. The topology
obtained with maximum likelihood analysis of the combined
dataset was preferred for full display (Figs 6–12) because it
is better resolved and it includes branch length information.
However, the low support values for the relationships among
major clades warrants caution in the interpretation of these
results. All other trees are available as supplementary files
(Appendix S5).

Discussion

Ichneumonid outgroups

The topology recovered for the ichneumonid outgroups under
maximum likelihood (Fig. 5) is most consistent with the results
of previous studies, including the ones using parsimony as an
optimality criterion (Wahl, 1991; Quicke et al., 2000, 2009).

The close relationship between Clasis and Brachycyrtinae
agrees with existing molecular evidence (Quicke et al., 2009),
and, indeed, somewhat confirms the ideas of Townes (1970),
who included both groups as tribes of Labeninae (Labiinae).
However, the only labenine included, Labena grallator (Say),
was recovered outside of this clade. The placement of Euceros
with the Brachycyrtus+Clasis clade agrees with the early
analyses of Quicke et al. (2000), contra Quicke et al. (2009).
The position of Clasis in the ichneumonid tree also favours
Porter’s (1998) idea of a separate subfamily Claseinae, as
opposed to Gauld’s (1983, 2000) reasoning for keeping it as a
tribe of Cryptinae (Claseini).

The remainder of the tree essentially comprises taxa consid-
ered part of Ichneumoniformes, a group of subfamilies previ-
ously recognized on the basis of morphological (Wahl, 1993a)
and molecular (Quicke et al., 2000, 2009) evidence. The inclu-
sion of Microleptes Gravenhorst, the single genus of Microlepti-
nae in this clade, is somewhat surprising, as the genus bears
little morphological similarity to the remaining Ichneumoni-
formes. In the analyses of Quicke et al. (2009), the genus
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Fig. 4. Summary of higher-level relationships as recovered with the combined dataset under parsimony. A, equal weights; B, implied weighting.

was recovered as sister to the Eucerotinae, and the two taxa
were placed within Ichneumoniformes under some gap cost
regimes.

The present analyses did not investigate the enigmatic Alomy-
inae, a morphologically and biologically unusual group that
has been classified either as a separate subfamily (e.g. Perkins

1960) or as part of the Ichneumoninae (e.g. Wahl & Mason,
1995). In formal phylogenetic analyses, Alomya Panzer has been
recovered as sister group to Ichneumoninae (Gokhman, 1992;
Quicke et al., 2000, 2009), Cryptinae (Laurenne et al., 2006,
under low gap costs) or Cryptinae+ Ichneumoninae (Laurenne
et al., 2006, under high gap costs).

© 2017 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12238
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Fig. 5. Summary of higher-level relationships as recovered with the combined dataset under maximum likelihood. The clade encircled by the green
box is detailed in fig. 6. [Colour figure can be viewed at wileyonlinelibrary.com].
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Fig. 6. Maximum likelihood phylogeny for the Ichneumoniformes section of the total evidence tree, with the Cryptini clade collapsed. Numbers at
each node correspond to bootstrap values. Biogeographic region for the examined specimens indicated by color codes. [Colour figure can be viewed at
wileyonlinelibrary.com].

Monophyly of Cryptinae

Although the subfamilies recovered in the Ichneumoniformes
clade agree well with earlier studies, the topology within the
group is strikingly different from previous results. This is mostly
due to the nonmonophyletic status of Cryptinae.

The idea that Ichneumoninae were derived from extant Crypti-
nae had been proposed by Gokhman (1988), who suggested
that the ‘ancestors’ of Ichneumoninae were related to or part
of Phygadeuontini. He proposed a scenario in which the evo-
lution of Ichneumoninae was driven by a shift from ectopara-
sitism to endoparasitism, responding to evolutionary pressure to
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Fig. 7. Phylogeny of Cryptini, with major internal clades highlighted.
[Colour figure can be viewed at wileyonlinelibrary.com].

attack earlier developmental stages of the host (i.e. late larvae
instead of pupae and prepupae). Gokhman (1988, 1992) argued
that the extant tribe Phaeogenini – according to him, the least
specialized group of ichneumonines – represented evidence for
this evolutionary pathway, as it shows morphological and bio-
logical similarities to Phygadeuontini. Later, Gokhman’s (1995)
equal-weights parsimony analyses also suggested the possibility
that the Cryptinae were paraphyletic with respect to other taxa,
including Ichneumoninae.

In the analyses of Laurenne et al. (2006), Cryptinae appeared
as a monophyletic group and sister to Ichneumoninae under
lower gap cost regimes, but with higher gap costs, Ichneu-
moninae appeared as nested within the clade as sister group
to a clade including most of the Phygadeuontini. At the same
time, Adelognathus Holmgren, the only genus of Adelognathi-
nae, was always recovered within the Cryptinae or Crypti-
nae+ Ichneumoninae clades, a position that is generally consis-
tent with the results recovered herein.

It should be noted that the support values for many of the
nodes in the backbone of the Ichneumoniformes tree are rather
low. In particular, the placement of Ichneumoninae nested
within Cryptinae may appear dubious based on the bootstrap
values of the three nodes leading to the Ichneumoninae clade.
However, these low bootstrap values seem to be mostly due
to the equivocal placement of seven taxa (Polyaulon Förster,
Hemiteles Gravenhorst, Adelognathus, Microleptes, Endasys
Förster, Surculus Townes, Bathythrix Förster) that are recovered
in various positions across different bootstrap replications. In
fact, in all of the 100 trees from bootstrap replicates, the
Ichneumoninae appear as nested within Cryptinae – not a single
one recovers the Ichneumoninae as sister group to the Cryptinae.

Polyphyletic nature of Phygadeuontini

One of the most surprising results was that in all analy-
ses the Phygadeuontini appear scattered across Ichneumoni-
formes (Fig. 6). Representatives of the currently recognized
Phygadeuontini were recovered in four to five different clades,
but the exact placement of each of these subsets varied much
depending on the optimization criterion and weighting (see
Fig. 4). These results reflect the fact that the Phygadeuontini
seem to have been traditionally recognized on the basis of ple-
siomorphic characters, lacking clear diagnostic characters that
could prove to be synapomorphies of the group.

The nonmonophyletic nature of Phygadeuontini could already
be inferred from the trees presented by Laurenne et al. (2006),
which show taxa such as Bathythrix, Endasys and Austriteles
Gauld outside of the ‘main’ Cryptinae clade, while Gnypeto-
morpha Förster, Meringops Townes 1970 and Surculus appear
as most closely related to the Hemigastrini+Cryptinae clade,
and Helcostizus, Chrysocryptus Cameron and Aclastus Förster
within Cryptini. The authors seem to have considered at least
part of these placements as being due to artifacts of the 28S
rRNA alignment, or even laboratory contamination (Quicke,
2015), and suggested that the classification of Cryptinae into
the three traditionally recognized tribes should be maintained.
Broad (2016), however, considered the placement of Helcostizus
legitimate and treated the genus as part of Cryptini rather than
of Phyhadeuontini.

Herein, a large group with representatives of five of the
eight sampled subtribes of Phygadeuontini (including the type
genus Phygadeuon Gravenhorst) was recovered as sister to
Hemigaster taiwana (Sonan) (Hemigastrini). This could be
defined as Phygadeuontini sensu stricto, as it comprises the
lineages most closely related to the type genus. The group

© 2017 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12238

wileyonlinelibrary.com


Phylogeny and reclassification of Cryptini 13

Fig. 8. Maximum likelihood phylogeny of Cryptini. Numbers at each node correspond to bootstrap values. Biogeographic region for the examined
specimens indicated by colour codes. For each taxon, subtribal classification is indicated in parentheses, as follows: AGRT, Agrothereutina; BARC,
Baryceratina; CERT, Ceratocryptina; COES, Coesulina; CRYP, Cryptina; GABN, Gabuniina, GLOD, Glodianina; GORY, Goryphina; LYMN,
Lymeonina; MELN, Melanocryptina; MEST, Mesostenina; OSPR, Osprynchotina; SPHE, Sphecopgagina; VAGE, Vagenathina. [Colour figure can
be viewed at wileyonlinelibrary.com].

seems to be morphologically defined by having two bullae on
the forewing vein 2m-cu; all of the sampled phygadeontines
with a single bulla were recovered outside this clade. However,
other members of the tribe with two bullae on 2m-cu were also
recovered elsewhere in the tree (e.g. Bathythricina, Polyaulon).

Therefore, there are no clear morphological clues as to which
groups of Phygadeuontini may be included or not in this ‘sensu
stricto’ clade.

The enormous mismatch between the currently recog-
nized taxonomy and the phylogenetic results corroborates the
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Fig. 9. Maximum likelihood phylogeny of Cryptini. Numbers at each node correspond to bootstrap values. Biogeographic region for the examined
specimens indicated by colour codes. [Colour figure can be viewed at wileyonlinelibrary.com].
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Fig. 10. Maximum likelihood phylogeny of Cryptini. Numbers at each node correspond to bootstrap values. [Colour figure can be viewed at
wileyonlinelibrary.com].
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Fig. 11. Maximum likelihood phylogeny of Cryptini. Numbers at each node correspond to bootstrap values. Biogeographic region for the examined
specimens indicated by colour codes. [Colour figure can be viewed at wileyonlinelibrary.com].
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Fig. 12. Maximum likelihood phylogeny of Cryptini. Numbers at each node correspond to bootstrap values. Biogeographic region for the examined
specimens indicated by colour codes. [Colour figure can be viewed at wileyonlinelibrary.com].

observation by Townes (1970) that Phygadeuontini remained
one of the least known groups of Ichneumonidae. It seems clear
that Phygadeuontini sensu stricto are only distantly related
to the Cryptini clade and are more appropriately treated as a
separate subfamily – Phygadeuontinae. A comprehensive study
is needed in order to clarify the precise limits of this taxon, as
many genera placed in the traditional Phygadeuontini clearly
belong to distinct lineages.

Ateleutinae

A striking result of the present analyses was the placement of
the cryptine subtribe Ateleutina, well removed from the Cryp-
tini clade. The group comprises two genera: the cosmopoli-
tan and speciose Ateleute Förster and the smaller Neotropi-
cal Tamaulipeca Kasparyan. Ateleutina have been alternatively
placed either in Phygadeuontini (Townes et al., 1961) or in
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Cryptini (Townes, 1967, 1970). At any rate, they are considered
an atypical group (Townes, 1967; Laurenne et al., 2006; Bordera
& Sääksjärvi, 2012), with many characters that are uncommon
in Cryptinae such as the complete postpectal carina, epicnemial
carina ventrally absent; mesopleural fovea absent; and a very
characteristic areolet shape. When Laurenne et al. (2006) recov-
ered Ateleute as a basal lineage of Cryptinae, this placement
was considered ‘anomalous’ (p. 462); they suggested that the
genus should be considered as incertae sedis within Cryptinae.
In the present analyses, Ateleute and Tamaulipeca were recov-
ered as a strongly supported clade, clearly not closely related to
the Cryptini clade or to the ‘main’ phygadeuontine lineage. This,
in addition to their clear morphological distinctiveness, clearly
suggests that the group should be treated as a distinct subfamily,
Ateleutinae (see Taxonomy section).

Aptesini

The smallest of the recognized cryptine tribes has also had
a complicated nomenclatural history. It has alternatively been
called Aptesini (Townes, 1944; Smith & Shenefelt, 1955;
Townes & Townes, 1960, 1962); Echthrini (Narayanan &
Lal, 1958; Townes, 1970) and Hemigastrini (Ashmead, 1900;
Schmiedeknecht, 1905; Townes & Townes, 1960; Townes &
Gupta, 1962; Fitton & Gauld, 1978), with the latter name pre-
vailing according to modern rules of nomenclature.

Gauld (1995) had criticized Townes’ (1970) composition of
the tribe Hemigastrini and suggested that a group of genera
from that tribe (including Hemigaster) should be transferred to
Cryptini, with the remaining genera becoming Aptesini. Most
recently, Quicke (2015) used the name Aptesini on the grounds
that Hemigaster should probably be placed in Phygadeuontini
rather than in Cryptini, based on the placement of the similar
genus Rothneyia Cameron.

The present analyses confirmed that Hemigaster is actually
more closely related to Phygadeuontini, being recovered either
within Phygadeuontini sensu stricto (under parsimony; Fig. 4)
or as its sister group (under maximum likelihood; Figs 5 and 6).
The genus Aptesis Förster itself was not included in the analyses,
but its morphology strongly suggests that it should be included
in the former Hemigastrini, restoring the name Aptesini to the
tribe.

Phylogenetic relationships within Cryptini

The internal relationships of Cryptini recovered herein show
little correspondence to Townes’ (1970) subtribal arrangement
(Figs 8–12; Appendix S7). The main exceptions are the large
subtribe Gabuniina, treated in more detail later in the paper, and
small subtribes composed of a few genera, such as Glodianina
and Sphecophagina, which were recovered as monophyletic.

The topology recovered in the present analyses illustrates the
main problem in creating meaningful suprageneric classifica-
tions of Cryptinae. It is fairly easy to characterize genera as
diagnosable groups of closely related species – as demonstrated

by the fact that 58 of the 72 (80.5%) genera sampled with mul-
tiple species were recovered as monophyletic (Appendix S6).
Likewise, it is often possible to intuitively recognize groups
of similar genera, particularly in a same biogeographic region.
However, defining coherent ‘major groups’ is impractical, due
to the increasing character conflict that arises when grouping
any large group of taxa. The same phenomenon was noticed by
Townes, referring to Phygadeuontini (1970, p. 4):

Though the genera are often easily distinguished, grouping
them into subtribes has proven difficult. There is such a
tangle of contradictory similarities and differences in any
grouping of genera that can be devised, that one is loth to
attempt subtribal groupings at all.

In fact, in the entire cryptine tree there are very few nonho-
moplasious apomorphies above the genus level, and the ones
that do exist will group only very few genera. Such rare features
include the enlarged bristles on the hind tarsus of Osprynchotus
Spinola and Acroricnus Ratzeburg (character 47: state 1) and the
microsculptured, scabrous area basad to the ovipositor teeth in
Cestrus Townes and Dineotropica Aguiar (106:1).

Ichneumonidae as a whole are known to show extraordinary
levels of homoplasy (Gauld & Mound, 1982). This not only
leads to problems in phylogenetic inference based on morpho-
logical characters, but also jeopardizes the creation of any mean-
ingful classification based on morphological characters. In the
case of Cryptini, defining suprageneric groups that are both diag-
nosable and reciprocally monophyletic has proved to be unfeasi-
ble. This difficulty is further emphasized by the poor or lacking
support for many of the deeper nodes of the phylogeny. There-
fore, it may be better to refrain from a formal subtribal clas-
sification and refer instead to groups of genera or clades, as
suggested by Laurenne et al. (2006) and Quicke (2015). Provid-
ing informal names for these groups can help to draw attention
to their shared similarities and might eventually lead to a sound
suprageneric classification. The main groupings observed in the
Cryptini tree are discussed below. Except for the Lymeon Förster
group (clade H), the composition and internal relationships of
each clade are essentially unchanged in both parsimony and like-
lihood analyses. The relationships among clades, however, are
equivocal, varying considerably depending on optimality cri-
teria or search parameters; therefore, the phylogeny of major
clades recovered in figures 8–12 should not be interpreted at
face value.

Clade A: Gabunia group
This group corresponds to most of the genera included in
Townes’ (1970) subtribe Gabuniina. Members of this worldwide
group of wasps are mostly specialized in attacking xylophagous
Coleoptera and Lepidoptera, and exhibit a number of special-
ized features for this purpose: head sub-spherical; body shape
approximately cylindrical; ventral tooth of mandible longer
than dorsal tooth; fore tibia dilated, having enlarged subgenual
organs; antennal tip highly modified; ovipositor compressed and
stout, the lower valve with an apical dorsal lobe that encloses
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most of the tip of upper valve; and posterior segments of meta-
soma enlarged, harbouring special ovipositor muscles (Townes
& Townes, 1962).

Evidence for the monophyly of Gabuniina was presented pre-
viously from both morphological (Aguiar, 2005) and molec-
ular (Laurenne et al., 2006) data. However, the latter work
included only 12 representatives of Gabuniina, and the work
of Aguiar (2005), albeit comprehensive, included many taxa
that were scored exclusively from the literature. Indeed, the
correspondence between the currently recognized Gabuniina
and the clade recovered herein was not perfect: six gabuni-
ine genera were recovered elsewhere in the tree. Some of
these genera (e.g. Lagarosoma Gupta and Gupta, Prostho-
porus Porter, Fortipalpa Kasparyan and Ruiz-Cancino) seem
simply to represent spurious placements by previous authors,
as these taxa present several characters conflicting with the
subtribe’s diagnostic features. In other cases, however, there
seems to be an outstanding level of morphological conver-
gence involved. Repeated evolution of characters related to
the use of deeply concealed hosts was previously pointed out
by Laurenne et al. (2009), using a preliminary phylogeny of
Cryptini. Indeed, local clades exhibiting similar specializa-
tions evolved separately in the Neotropical (Distictus Townes,
Cyclaulus Townes+Digonocryptus Viereck), Australian (Wuda
Cheesman, Lorio Cheesman+ Lophoglutus Gauld) and Holarc-
tic (Dihelus Townes+Enclisis Townes+Xylophrurus Förster)
regions.

The genus Echthrus has been alternatively classified within
Cryptini (Townes & Townes, 1960, 1962, 1966, Broad 2016)
or in Hemigastrini (Narayanan & Lal, 1958; Townes, 1970 and
subsequent works). Townes (1970) acknowledged its similar-
ity to Cryptini that attack wood-boring hosts, but ultimately
placed it in the Hemigastrini. However, Laurenne et al. (2006)
recovered Echthrus as part of the gabuniine group of genera, a
placement that is confirmed by the present analyses.

The former phygadeuontine Helcostizus has been recovered
either in this clade (under parsimony) or as sister to all the
other Cryptini (under likelihood). Species of this small Hol-
arctic genus attack coleopterous borers in small branches and,
accordingly, are morphologically similar to the Gabunia group.
In fact, Townes & Townes (1962) included Helcostizus in the
same Cryptini subtribe – then called Echthrina – as the other
genera that are recovered in this clade, which would later form
the subtribe Gabuniina (Townes, 1970). The latter work placed
Helcostizus in Phygadeuontini rather than in Cryptini, but the
reasons for that change are not clear.

If Helcostizus is not part of the Gabunia group, but rather
sister to all other Cryptini, the features considered herein as
wood-boring adaptations (e.g. inflated gena, swollen foretibia,
stout ovipositor) could possibly be the ancestral phenotype for
Cryptini. More refined phylogenetic studies and examination of
fossil taxa are needed for more accurate inferences of cryptine
morphological evolution.

Clade B: Ischnus group
This clade is morphologically disparate and the close affinity
between its members is somewhat surprising; it contains species

from many of Townes’ (1970) subtribes and all biogeographic
regions. It is divided into two subclades. One of them includes
the large, worldwide genus Ischnus Gravenhorst and three other
genera of somewhat similar, small species with a relatively large
areolet, deeply impressed notaulus, first tergite anteriorly with a
lateral tooth and ovipositor of moderate length (usually 0.6–0.7
times as long as hind tibia). The other subclade comprises a
fairly heterogeneous assemblage of exclusively New World taxa.
The similarity between Compsocryptus Ashmead and Lanugo
Townes had been noted by Townes & Townes (1962) who
nonetheless considered it probably due to convergence instead
of shared ancestry. At the same time the clade (Compsocryp-
tus+Lanugo)+ Joppidium Walsh has been identified as a bio-
geographical unit by Porter (1967a). Lymeon bicinctus (Cres-
son), from Florida and the Caribbean, is clearly distinct from
the other species of Lymeon and should be part of a new genus.

Clade C: Xylophrurus group
This is a small, mostly Holarctic clade of species that attack
borers in small branches and twigs, as well as aculeate wasps
nesting in twigs or wood. Townes & Townes (1962) argued that
only a slight shift was needed between parasitizing borers in
twigs or aculeate nests in twigs, and, indeed, species of both
Xylophrurus and Enclisis are able to develop in both coleopteran
and lepidopteran borers or in aculeate wasps. Accordingly,
species in this clade share most of the adaptations found in
the Gabunia group. In fact, earlier versions of Townes’subtribal
classification placed Xylophrurus with Gabuniina (then called
Echthrina; Townes & Townes, 1962).

Clade D: Cryptus group
This is another heterogeneous clade, containing mostly Old
World taxa. The group is not easily diagnosable but most of its
species are relatively large, with a stout mesosoma and often
with coarse surface sculpturing. One of the distinctive lineages
in this clade comprises the three genera that formed Townes’
subtribe Sphecophagina, a group with atypical morphology that
parasitizes social wasps. The clade also includes Cryptus, the
type genus of Cryptinae.

The species now included in the genera Cryptus, Buathra
Cameron and Meringopus Förster were all lumped together
with Trachysphyrus Haliday in earlier treatments (Townes &
Townes, 1962, 1966; Porter, 1967a,1967b). Later on, Townes
(1970) split the latter genus, assigning to Trachysphyrus only the
species from the Neotropical region and revalidating Buathra,
Meringopus and Itamoplex (= Cryptus) to include the fauna
from other regions. According to the present results, this distinc-
tion is most likely artificial, as the three genera appear mixed in
the clade, which also seems to include Hedycryptus Cameron
and Nippocryptus Uchida. Clearly, the Cryptus lineage needs
detailed phylogenetic and taxonomic study to determine mean-
ingful generic limits.

Clade E: Mesostenus group
This is an extremely diverse lineage, including most of the
species of Cryptini in the Old World, as well as some speciose
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New World groups. Genera such as Gotra Cameron, Listrog-
nathus Tschek, Mesostenus Gravenhorst, Polycyrtus Spinola and
Goryphus Holmgren are among the largest and most widely dis-
tributed genera of Cryptini.

This clade is very heterogeneous in terms of morphology, and
no reliable diagnostic features or morphological synapomor-
phies have been identified so far.

Clade F: Ceratomansa group
This is a relatively small group of exclusively Australasian taxa.
Some of the species in this clade are assigned to more widely
distributed genera such as Anacis Porter or Myrmeleonostenus
Uchida, but the Australian species were recovered separately
from other species of the genus. This suggests that they were
wrongly assigned to these taxa on the basis of convergent
characters.

A number of other genera with Australian representatives
were recovered outside of this clade. With the exception
of Xanthocryptus Cameron, these genera have most of their
species distributed in the Oriental regions or in the Old World
tropics in general (e.g. Eurycryptus Cameron, Schreineria
Schreiner, Stenarella Szépligeti), potentially suggesting a late
colonization of the Australian region. By contrast, the Cer-
atomansa group seems to have evolved isolated in the Australian
region.

Clade G: Glodianus group
The five genera in this exclusively Neotropical clade are char-
acterized by having a medium-sized, quadrangular and often
elongate areolet; propodeum covered with transverse striae; and
notaulus nearly always weakly impressed or indistinct. Mor-
phological evidence pointed to different affinities for Polyphrix
Townes (Santos et al., 2009) and Eknomia Santos and Aguiar
(Santos & Aguiar, 2012), which are not confirmed by the present
analyses.

Clade H: Lymeon group
This group was consistently recovered in analyses under max-
imum likelihood and in parsimony analyses of molecular
data. In the parsimony analyses with combined data, it col-
lapses into several small groups spread along the backbone
of the cryptine tree. At any rate, species from this group
form a diverse assemblage including most of Townes’ (1970)
Lymeonina as well as some other Neotropical groups. A
few of the genera in this clade have some Nearctic species
(Acerastes Cushman, Baryceros Gravenhorst, Lymeon, Mal-
lochia Viereck), but the bulk of the diversity of the clade is in the
Neotropics.

The placement of Digonocryptus and Distictus in this clade is
somewhat surprising, as species in the two genera are strikingly
similar to the taxa in the Gabunia group. However, it is clear
from the present analyses that most of these shared features are
adaptations to attack wood borers – and, indeed, Digonocryptus
is recorded as parasitoid of immature cerambycid beetles (Sauer,
1946).

The species of Anacis recovered in this clade are the ones
that were previously assigned to Biconus Townes, which Porter
(2004) had synonymized with Anacis. Although the present
analyses did not include the type species B. apoecus Townes,
it seems clear that Biconus should be treated as a valid genus.

Denser taxonomic sampling is needed to assess the generic
limits of the clearly polyphyletic Lymeon, which has long been
considered a taxonomic wastebasket taxon for small-bodied,
generalized Neotropical Cryptini.

Clade I: Osprynchotus group
The clade includes the neotropical Dotocryptus Brèthes and
four genera from Townes’ subtribe Osprynchotina (Acroric-
nus Ratzeburg, Messatoporus Cushman, Osprynchotus and
Photocryptus Viereck). The Osprynchotina formed a group of
parasitoids of mud-nesting aculeate wasps (Vespidae Eumeni-
nae, Crabronidae, Sphecidae and Pompilidae), showing some
character states that are putative specializations for that life
history: long and chisel-shaped mandibles, a long and elongate
petiole, and a relatively long ovipositor, its tip depressed and
with the lower valve completely enclosing the dorsal valve
as a sheath.

Although Gauld (1984) regarded Osprynchotina as a mono-
phyletic group, Laurenne et al. (2006) recovered seven of its
genera scattered along the cryptine tree (only Photocryptus and
Messatoporus were receovered as sister taxa). They suggested
that characters such as the long and slender mandible were con-
vergences related to the use of aculeate nests, with little phylo-
genetic significance. The morphological analyses of Santos &
Aguiar (2013), however, recovered a clade with the same five
genera that comprise clade I in the present analyses, although
not with the exact same topology.

The earliest diverging group in this clade, Neocryptopteryx
Blanchard, is also recorded parasitizing mud nesting wasps – N.
hypodineri is a parasitoid of Hypodynerus porteri Bequaert &
Ruiz (Porter, 1967a) – although some of its species also attack
Lepidoptera (Blanchard, 1947).

Clade J: Trachysphyrus group
This clade includes almost exclusively species from Chile and
the neighbouring Andean areas. Most of these species were
previously classified in Trachysphyrus (Porter, 1967a,1967b),
then transferred to several genera erected later on (Porter, 1987).

In fact, almost all of the sampled species Chilean were recov-
ered in this clade, the exception being Dotocryptus, which was
part of the Osprynchotus group. The bulk of the diversity of
the Chilean cryptine fauna is found in the temperate Valdivian
Forest (Porter, 1987), a biodiversity hotspot with one of the
highest rates of endemism worldwide at the genus and fam-
ily levels (Mittermeier et al., 2004). Indeed, the Valdivian For-
est can be considered virtually an island, as it is bordered by
three formidable biogerographical barriers: the Pacific Ocean,
the Andes Mountains and the Atacama Desert. In this context,
the levels of endemism observed in this fauna are not surprising.
Interestingly, Porter (1967b, 1987) proposed that the Chilean
fauna forms a systematic and geographic unit largely distinct
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from the rest of the South American fauna. He hypothesized that
the Chilean taxa would be related to the Holarctic fauna. His pre-
dictions are somewhat confirmed by the present results, which
recovered a clade composed almost exclusively of Holarctic taxa
(see Agrothereutes group in the following section) as the sister
group to the Andean clade.

Clade K: Agrothereutes group
This clade includes most of the genera assigned to subtribe
Agrothereutina. It also includes two genera from Townes’
(1970) Baryceratina, Paragambrus Uchida and Brussinocryptus
Pagliano & Scaramozzino. Members of this clade share a short
and stout mandible, large areolet with crossvein 3r-m distinct,
incomplete sternaulus and relatively stout thorax. Most species
are Holarctic, with a few taxa extending to Southeast Asia.

Biogeography

The cryptine phylogeny as recovered herein reveals no obvi-
ous biogeographic patterns (Figs 8–12). Apart from some
groups being more or less restricted to a single zoogeographic
region (e.g. Lymeon group, Trachysphyrus group, Ceratomansa
group), most clades include representatives from multiple bio-
geographic regions. This is not surprising, considering that even
individual genera are often found in two or more zoogeographic
regions, and some of them are almost cosmopolitan (e.g. Acror-
icnus, Ischnus, Mesostenus). This implies that either all these
groups diversified before the occurrence of past vicariant events
or that a fair amount of dispersal has taken place.

The scarcity of the fossil record for Cryptinae currently
prevents dating analyses and therefore makes it hard to test
the congruence and timing of biogeographic transitions. It
is noteworthy, however, that the earliest fossil records for
Ichneumonidae as a whole date from the Early Cretaceous
(Grimaldi & Engel, 2005; Quicke, 2015). Very few Cretaceous
ichneumonids can be assigned to modern subfamilies, but
species similar to the modern Phygadeuontini are apparently
common in Cenozoic deposits (Khalaim, 2008). At any rate,
it is unlikely that splits within genera all happened before
major continents split up; in light of the topology recovered
in the present analyses, this seems to indicate that dispersal
was of major importance in shaping current-day distributions
of cryptine species. A comprehensive biogeographic analysis,
however, is beyond the scope of the present work.

Future work

Albeit extensive, the results presented herein represent only
a first step on the way to revising the systematics of cryptine
wasps and creating a phylogenetically sound classification. As
noted earlier, several nodes across the backbone of the tree
were weakly supported. This may be due to insufficient taxon
sampling; for such a diverse group, even a tree with 370
terminals is bound to represent only a small sample of the
group’s diversity, and the unstable placement of some groups

in the tree may be due to a lack of closely related taxa in
the dataset. Further work is needed both in deepening the
taxonomic sampling and in augmenting the character sets by
the addition of more molecular data and new character systems,
such as internal morphology, male genitalia and biological and
behavioural features. This will help to provide a more complete
picture of the phylogeny of cryptine wasps, contributing towards
better taxonomic work and underpinning the investigation of the
evolutionary processes that generated the astounding diversity
of the group. The following are potential targets for future
studies.

While the Cryptini have been thoroughly sampled in this
work, much deeper taxonomic sampling is needed to adequately
assess the taxonomic limits of Phygadeuontinae and Aptesini.
Some of the prioritary taxa to be sampled are Aptesis, Litochila
Momoi and Okamoto, Demopheles Förster, Megaplectes
Förster, (Aptesini), Aclastus, Amphibulus Kriechbaumer, Atrac-
todes Gravenhorst, Austriteles, Cremnodes Förster, Ethelurgus
Förster, Mastrus Förster, Rothneyia and Stilpnus Gravenhorst
(Phygadeuontinae). The Aptesini probably represent a sim-
pler problem as they are likely to be a largely monophyletic
group. The Phygadeuontinae need more work, as it might
need to be divided into several taxa, not all of them easily
diagnosable.

Within Cryptini, future work should focus on determining
generic limits for some confusing taxonomic complexes and
testing and describing new genera:

1. The clade including Goryphus, Skeatia, Euchalinus and Per-
jiva, roughly equivalent to the ‘Goryphus complex’ (sensu
Jonathan & Gupta, 1973).

2. The Cryptus–Buathra–Meringopus complex. From the
present results, it seems that the delimitation of the three
genera done by Townes is artificial, and a detailed study is
needed to test whether a division of this group in multiple
genera is warranted.

3. A clade of small, poorly known Neotropical genera charac-
terized by small body size, large and wide clypeus and rela-
tively large areolet: Diplohimas Townes, Monothela Townes,
Tricentrum Townes, Trihapsis Townes and Xenarthron Kas-
paryan & Ruiz-Cancino. Most of these genera are relatively
rare and the limits among them are unclear. Each genus has
only one or a few described species, but a much higher diver-
sity waits to be described and documented.

4. There are still numerous new genera to be proposed and
described, many of them of unclear affinities. The present
phylogenetic framework will help future studies to put those
taxa in systematic context, leading to a better understanding
of the evolution and diversification of this hyperdiverse
group.

Taxonomy

Ateleutinae Townes 1970, stat.n.
Ateleutina Townes, 1970: 142, 297–298, 490. Description,
figure, keyed. Type genus: Ateleute Förster, by monotypy.
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Diagnosis. Body almost always small (forewing
2.2–7.5 mm), slender and somewhat elongate. Clypeus mod-
erately convex, separated from face by groove; apical margin
sharp, truncate or concave, without median teeth or tuber-
cles. Lower tooth of mandible as long as or slightly longer
than upper tooth. Apical truncation of flagellum distinctly
oblique. Male antenna with tyloids. Hypostomal carina joining
occipital carina near or at base of mandible. Epomia absent.
Epicnemial carina ventrally absent, laterally distinct; sternaulus
weak and shallow; postpectal carina complete; mesopleural
fovea absent or very shallow. Hind margin of metanotum with-
out teeth-like projections. Foretibia of female never swollen.
Apex of tarsomere 4 not bilobed. Areolet large, wider than
long, vein 2-M distinctly shorter than 3-M, crossvein 3r-m
absent or spectral; forewing crossvein 2m-cu distinct, with a
single bulla. Hindwing vein M+Cu distinctly arched; vein
2-1A absent or very short. First metasomal tergite without
glymma, often with longitudinal wrinkles, spiracle near its
mid-length. Thyridium small; gastrocoeli absent. Ovipos-
itor at least 0.6× as long as hind tibia; ovipositor sheath
flexible.

Remarks. Specimens of the group will run to the couplet 61
in the subfamily key of Wahl (1993b). In that step, they will
show a mix of character states of Cryptinae (mandible with
two teeth; propodeal carinae only with transverse carinae) and
Xoridinae (mesopleuron with sternaulus indistinct or less than
half as long as mesopleuron; areolet often open). The distinctive
morphology of Ateleutinae, as well as the diagnosis provided
earlier, should suffice to allow recognition of the subfamily by
users.

Distribution. Almost worldwide but mostly occurring in trop-
ical and subtropical areas.

Subordinate taxa. This subfamily includes two genera:
Ateleute, currently with 40 species and occurring almost world-
wide; and Tamaulipeca, with five species restricted to the
Neotropical region. The only sampled species of Tamaulipeca
appears in all trees as the earliest diverging lineage of the
group, suggesting that both genera may be reciprocally
monophyletic.˜

Cryptinae Kirby 1837, sensu n.
Cryptidae Kirby, 1837. In: Richardson et al. 1837: 259–260.
Type genus: Cryptus Fabricius, by original designation. Cryp-
tini Kirby, 1837 and Cryptus Fabricius, 1804 were conserved
by Opinion 1757 (International Commission on Zoological
Nomenclature, 1994).

Hedycryptinae Bradley, 1919: 55. Type genus: Hedycryptus
Cameron.

Osprynchotinae Viereck 1918; 73. Type genus: Osprynchotus
Spinola.

Latibulinae Constantineanu & Constantineanu, 1968: 171.
Type genus: Latibulus Gistel. Replacement name for Crypturina
Schmiedeknecht and Endurini Schmiedeknecht.

Diagnosis. Body small to large (forewing 2.8–27 mm, except
a few brachypterous species). Clypeus usually convex, separated
from face by groove. Supraclypeal area of male usually marked
with yellow or whitish. Apical truncation of flagellum dis-
tinctly oblique. Male antenna nearly always with tyloids. Epic-
nemial carina distinct both ventrally and laterally. Sternaulus
distinct, reaching at least 0.5 of the length to mid-coxa, when
complete ending on ventral corner of mesopleuron. Postpec-
tal carina incomplete – except in Amauromorpha and Apsilops
scotinus (Tosquinet) – often vestigial or absent. Foretibia of
female sometimes swollen. Propodeal carinae various, often
only the transverse carinae distinct. Areolet almost always well
delimited, pentagonal or quadrangular, even if crossvein 3r-m
absent. Forewing crossvein 2m-cu distinct, usually not dis-
tinctly inclivous, with a single bulla. Hindwing vein M+Cu
usually distinctly arched. Metasoma cylindrical to dosoven-
trally depressed, segments 3 and 4 wider than high; apex of
metasoma often truncate. First metasomal tergite usually pos-
teriorly widened, without glymma, its spiracle usually placed
posteriorly to mid-length. Thyridium usually small; gastro-
coeli absent. Ovipositor almost always extending conspicuously
beyond metasomal apex, usually 0.5–2.0× length of hindtibia,
its sheaths flexible.

Remarks. The Cryptinae are one of the most difficult sub-
families of Ichneumonid to diagnose and characterize based on
unambiguous morphological characters. Given the size and mor-
phological diversity of the subfamily, many of the features that
characterize other subfamilies are variable across Cryptinae. At
the same time, the group lacks distinctive, readily recogniz-
able apomorphies as found in some subfamilies (e.g. Acaen-
itinae, Agriotypinae, Mesochorinae) or the distinctive, readily
recognizable appearance of groups such as Anomaloninae, Ich-
neumoninae, Metopiinae and Ophioninae. Separating the Phy-
gadeuontini from the remainder of Cryptini does not necessarily
help the diagnosis of either group, as the distinction between the
two tribes was already difficult. The Cryptinae will run to cou-
plets 32, 61 or 68 in the key of Wahl (1993b). They will not
run to couplets 3, 21 or 72, which lead to taxa of ‘Cryptinae’
corresponding to the new definition of Phygadeuontinae.

Distribution. Worldwide.

Subordinate taxa. Tribes Aptesini and Cryptini, comprising
274 genera: 250 in Cryptini and 24 in Aptesini. See the
respective subordinate taxa sections for each tribe and the
catalogue of Yu et al. (2012).

Aptesini Smith & Shenefelt 1955, stat. rev.
Pseudocryptina Schmiedeknecht, 1911: 2278. Type genus:
Pseudocryptus Kriechbaumer (= Giraudia Förster).
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[Aptesini Townes, 1944: 19. Not available under Article 13 of
the Code.]

Aptesini Smith & Shenefelt, 1955: 184–185. Type genus:
Aptesis Förster. Aptesini is retained under Article 40.2 of the
ICZN and takes the date of Schmiedeknecht’s name.

Diagnosis. Head in front view usually somewhat globose,
eyes usually 0.4–0.6× as high as head. Flagellum usually stout,
first segment about 2.0 as long as wide. Dorsal margin of
metanotum posteriorly with a sublateral triangular projection
opposite to the anterior end of sublateral longitudinal carina of
propodeum. Propodeum with conspicuous longitudinal carinae.
Fourth tarsomere not distinctly bilobed. Areolet pentagonal or
rarely quadrangular, crossvein 3r-m always present. Hindwing
vein Cua usually at least 2.0 as long as crossvein cu-a; vein Cub
nearly always straight or concave.

Remarks. The two genera that have previously given family
group names to the tribe are shown here to be clearly removed
from the Aptesini clade. Hemigaster is the sister group to the
clade including most of the traditional Phygadeuontini, and
Echthrus undoubtedly a member of the gabuniomorph lineage.
Other than those two taxa, the tribe seems to be a largely
monophyletic group. Until a more complete study or the tribe
can be performed, the name Aptesini should be used for all
previous members of Hemigastrini, except Hemigaster and
Echthrus.

The Aptesini are much more morphologically uniform than
the Cryptini, and most of the members of the tribe can be
readily distinguished from almost all Cryptini by the complete
set of propodeal carinae and a generally stouter body and
antennae. The wing venation is also much more uniform than in
the Cryptini. A few genera such as Stomacis and Megaplectes
are somewhat similar to the Cryptini, but at least the former
was recovered here as part of Aptesini. Mansa Tosquinet and
Litochila also have somewhat unusual morphologies and are
somewhat similar to Hemigaster, the three genera sharing
a cylindrical ovipositor tip with ridges on the dorsal valve.
According to Townes (1970), species of both Hemigaster
and Mansa are capable of producing a strongly odorous
secretion when captured. In the present analyses, Mansa was
recovered as part of the Aptesini and not closely related to
Hemigaster, suggesting that their shared ovipositor shape may
be a convergence.

Distribution. Worldwide. The vast majority of the species
occur in the Holarctic region. A number of genera reach the
Oriental region; three genera are recorded in the Neotropics
and three in the Afrotropical region. The only records for the
Australasian region are for three species of Mansa Tosquinet.

Subordinate taxa. The tribe currently includes 24 genera: the
26 listed by Yu et al. (2012), minus Echthrus, which clearly
belongs in Cryptini, and Hemigaster, better treated as part of
Phygadeuontinae.

Cryptini Kirby 1837, sensu n.
Cryptidae Kirby, 1837. In: Richardson et al. 1837: 259–260.
Type genus: Cryptus Fabricius, by original designation. Cryp-
tini Kirby, 1837 and Cryptus Fabricius, 1804 were conserved
by Opinion 1757 (International Commission on Zoological
Nomenclature, 1994). Mesostenini Ashmead, 1900: 570. Type
genus: Mesostenus Gravenhorst.

Sphecophagini Beirne 1941; 167, 174. Type genus: Sphe-
cophaga Westwood.

Echthrini Narayanan & Kundan Lal, 1958: 18, 25. Type genus:
Echthrus Gravenhorst.

[Trachysphyrini Constantineanu & Constantineanu, 1968. Not
available under Article 13 of the Code.]

[Endurini Schmiedeknecht, 1912: 2495. Invalid proposal
based on Endurus Rondani (replacement name for Crypturus
Gravenhorst), junior objective synonym of Latibulus Gistel (the
valid replacement name for Crypturus Gravenhorst).]

Diagnosis. Head in front view globose to triangular, eyes
often 0.7–0.8× as high as head. Flagellum elongate, first
segment usually over 4.0 as long as wide (except 3.0 in
Bicryptella Townes). Dorsal margin of metanotum without
triangular projection opposite to anterior end of sublateral
longitudinal carina, sometimes with a triangular projection
ventrad to the dorsal margin. Fourth tarsomere usually distinctly
bilobed, especially in larger species. Propodeum nearly always
without longitudinal carinae posteriorly to anterior transverse
carina. Areolet variously shaped, crossvein 3r-m absent or
present. Hindwing vein Cua usually less than 2.0 as long as
crossvein cu-a; vein Cub often apically convex, sometimes
straight or concave.

Remarks. A few genera of Cryptini have a rather unusual
morphology which could make them harder to diagnose: The
three genera of Townes’ Sphecophagina (Arthula Cameron,
Latibulus Gistel and Sphecophaga Westwood) have a flattened
or concave clypeus, areolet vestigial and ovipositor not reaching
past the tip of abdomen. Apsilops Förster and Amauromorpha
share a complete postpectal carina and distinct longitudinal
carinae on the propodeum. The latter genus also has a vestigial
areolet. Many Cryptini have weakly developed longitudinal
carinae on the anterior part of the propodeum, the carinae very
rarely extending past the anterior transverse carinae.

In spite of its size and morphological diversity, and the lack
of unambiguous, nonhomoplasious apomorphies to characterize
the group, it seems that the concept of Cryptini – as defined by
Townes (1970) and other authors – was fairly solid. The only
taxonomic changes to Cryptini indicated by the present results
are: (i) the removal of Ateleutina to form its own subfamily
Ateleutinae; and (ii) the inclusion of Helcostizus, which was
recovered either as sister to all other Cryptini or as sister to the
gabuniomorph clade, and Echthrus.

Distribution. Worldwide, though most diverse in the tropics.
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Subordinate taxa. As per the most recent accounts, this
tribe included 250 genera (249 calatogued by Yu et al., 2012,
plus Eknomia Santos & Aguiar 2012). Herein Ateleute and
Tamaulipeca are removed from Cryptini, but Helcostizus and
Echthrus are added to the tribe; thus, the number of genera
remains the same.

Phygadeuontinae Förster 1869, stat. rev.
Pezomachoidae Förster, 1869: 143, 172. Type genus:
Pezomachus Gravenhorst (=Gelis Thunberg).

Phygadeuontoidae Förster, 1869: 144, 181. Type genus: Phy-
gadeuon Gravenhorst.

Hemiteloidae Förster, 1869: 144, 173. Type genus: Hemiteles
Gravenhorst.

Stilpnoidae Förster, 1869: 144, 188. Type genus: Stilpnus
Gravenhorst.

Hemigastrini Ashmead, 1900: 38. Type genus: Hemigaster
Brullé.

Myersiidae Viereck, 1912: 575. Type genus: Myersia Viereck
(=Polyaulon Förster).

Gelinae Viereck, 1918: 73. Type genus: Gelis Thunberg.
Gelini was retained over Pezomachoidae under provisions of
Article 40.1 and 40.2 of the Code and takes the date of Förster’s
Pezomachoidae name.

Diagnosis. Body usually small (forewing almost always
2.0–8.5, very rarely up to 11 mm, with some apterous species).
Clypeus usually convex, separated from face by groove. Supr-
aclypeal area of male almost never marked with yellow or
whitish. Apical truncation of flagellum transversal to oblique.
Male antenna nearly always with tyloids. Epicnemial carina dis-
tinct both ventrally and laterally. Sternaulus distinct, reaching
at least 0.5 of the length to mid-coxa, when complete ending
distinctly dorsad of ventral corner of mesopleuron. Postpectal
carina incomplete, often vestigial or absent. Dorsal margin of
metanotum posteriorly with a sublateral triangular projection
opposite to the anterior end of sublateral longitudinal carina of
propodeum. Foretibia of female never swollen (except in Bilira
Townes). Propodeum almost always with both longitudinal and
transverse carinae. Areolet pentagonal and well delimited, even
if crossvein 3r-m is absent. Forewing crossvein 2m-cu usually
distinct, rarely spectral or absent, usually distinctly inclivous
and with two bullae. Hindwing vein M+Cu distinctly arched.
Metasoma cylindrical to dosoventrally depressed, segments 3
and 4 wider than high; apex of metasoma often truncate. First
metasomal tergite usually posteriorly widened, without glymma,
its spiracle placed posteriorly to mid-length. Thyridium usually
small; gastrocoeli absent. Ovipositor almost always extending
conspicuously beyond metasomal apex, usually 0.3–1.2× length
of hindtibia, its sheaths flexible.

Remarks. The results of the present analyses points to an
urgent need for a major revision in the taxonomy of phygadeuon-
tines. It seems likely that this group will need to be split into mul-
tiple taxa as it is clearly polyphyletic. The name Phygadeuonti-
nae should probably be restricted to the clade with two bullae

on crossvein 2m-cu, including Phygadeuon and apparently the
majority of the genera previously assigned to Phygadeuontini.
However, the relatively limited taxon sampling in the present
study, considering the size of this group, prevents a major taxo-
nomic revision. More refined studies are needed to assess the
phylogenetic placement of the genera previously assigned to
subtribes Bathythricina, Endaseina, Mastrina and Hemitelina. In
the meantime, the name Phygadeuontinae is to be applied to the
previous tribe Phygadeuontini with the addition of Hemigaster.
The Phygadeuontinae will run to Cryptinae in the couplets 3,
21, 32, 61, 68 or 72 in the key of Wahl (1993b). Couplets 3,
21 and 72 will only be reached by specimens of Phygadeuon-
tinae, not of Cryptinae; in couplets 32, 61 and 68, additional
diagnostic characters are needed to differentiate between the two
subfamilies.

Distribution. Worldwide, though most diverse in temperate
regions.

Subordinate taxa. The subfamily as defined here includes 122
genera: the 122 listed under Phygadeuontini in Yu et al. (2012),
minus Helcostizus, transferred to Cryptini (see earlier), plus the
addition of Hemigaster. Townes (1970) classified the genera of
Phygadeuontini (=Gelini) in 12 subtribes, but acknowledged
his classification to be a tentative one. In principle, these
subtribes should be raised to tribes due to the change of rank
of Phygadeuontini to subfamily level. However, the results
obtained herein confirm that Townes’ subtribal arrangement is
mostly artificial, so it is questionable whether it would be useful
to apply any classification scheme to Phygadeuontini before a
more detailed phylogenetic study.
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