
ORIGINAL ARTICLE

Systematics and evolution of the parasitoid wasp genera of the tribe
Holcobraconini (Hymenoptera: Braconidae: Doryctinae)

Rubén Castañeda-Osorio1,2
& Sergey A. Belokobylskij3,4 & Yves Braet5,6 & Alejandro Zaldívar-Riverón1

Received: 15 October 2018 /Accepted: 5 June 2019 /Published online: 28 June 2019
# Gesellschaft für Biologische Systematik 2019

Abstract
The tribe Holcobraconini (Braconidae: Doryctinae) is a group of parasitoid wasps mainly found in the tropical and subtropical
regions of the world. It contains seven genera (Holcobracon Cameron, Ivondrovia Shenefelt & Marsh, Liodoryctes Szépligeti,
Monarea Szépligeti, Nervellius Roman, Odontobracon Cameron and Zombrus Marshall), most of which are characterized by
having the m-cu vein of the hind wing long and strongly curved towards the apex of wing. Some studies, however, found that
three doryctine genera that lack the above feature (Binarea Brullé, Liobracon Szépligeti and Odontodoryctes Granger) might be
closely related to holcobraconines. Here, we reconstructed the phylogenetic relationships among species of six holcobraconine
genera and the three putative closely related genera using four gene markers and estimated the times of origin and diversification
within the tribe. The holcobraconine genera were intermingled in a clade with the above three genera. Liobracon and Zombrus
were not recovered as monophyletic. Acanthodoryctes Turner, Antidoryctes Belokobylskij & Quicke and Priosphys Enderlein
were also included within the Holcobraconini based on morphology. Based on molecular evidence and on morphological
examination of the genera involved, Holcobraconini is proposed to comprise 13 genera for which we include morphological
diagnoses. The origin of the tribe probably occurred during the late Palaeocene to mid Eocene, 44.43 to 58.15 Mya. At least two
main dispersal events from the Ethiopian to the other biogeographic regions could have led to the current geographic distribution
of the Holcobraconini associated with the global increase of temperature during the Late Palaeocene to Middle Eocene.
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Introduction

The doryctine tribe Holcobraconini (Cameron 1905) is a small
group of usually large, conspicuous braconid parasitoid wasps
that is widely distributed in all biogeographic regions, al-
though most of its species richness is concentrated in tropical
and subtropical areas (Shenefelt and Marsh 1976; Yu et al.

2016). The host records that have been reported for species
of Holcobraconini show that they are idiobiont ectoparasitoids
of bark boring or xylophagous beetle larvae of Cerambycidae
and perhaps Cleridae (Belokobylskij 1992; Marsh 2002;
Belokobylskij and Samartsev 2011).

In the latest classification of the Holcobraconini
(Belokobylskij 1992), it was proposed to contain six genera:
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Holcobracon Cameron, 1905, mostly Neotropical but also
present in the Oriental region; Ivondrovia Shenefelt and
Marsh, 1976 (Fig. 1b), restricted to the Ethiopian region; the
Australian Liodoryctes Szépligeti, 1906 (Fig. 1d); Nervellius
Roman, 1924 (Fig. 1e), occurring in the Neotropics;
Odontobracon Cameron, 1887 (Fig. 1f) found in the

Neotropical and Nearctic regions; and Zombrus Marshall,
1897 (Fig. 1h), mostly Ethiopian but with few species in the
Australian, Palaearctic and Oriental regions (Belokobylskij
1992; Belokobylskij and Samartsev 2011; Yu et al. 2016;
Long et al. 2018). Moreover, Monarea Szépligeti, 1904,
which belonged to the tribe Doryctini, was recently placed

Fig. 1 Habitus of holcobraconine
genera. a Binarea pulchripes
(CNIN3092). b Ivondrovia
seyrigi (lectotype). c Liobracon
sp. aff. geniculatus (CNIN3079).
d Liodoryctes australiensis
(lectotype). e Nervellius
exquisitus (CNIN3076). f
Odontobracon janzeni
(CNIN3324). g Odontodoryctes
biannulatus (lectotype). h
Zombrus sp. aff. croceipes
(CNIN3091)
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within the Holcobraconinae based both onmolecular andmor-
phological (venom glands and reservoir and ovipositure struc-
ture features) evidence (Belokobylskij et al. 2014).

Belokobylskij (1992) had distinguished the original six
holcobraconine genera from the remaining doryctine taxa by
having the m-cu vein of the hind wing very long and strongly
curved towards its apical margin (Fig. 3a); the second
metasomal tergite usually with a large raised oval area
(Fig. 4c) and the hind coxa without a basoventral tubercle,
but often with one or two dorsal processes (Fig. 5a–c).
However, only the former feature is exclusive for these taxa,
whereas the latter two are shared with other non-related
doryctine genera (e.g. members of the Pedinotus genus group
and other genera of the Doryctini; Belokobylskij et al. 2004;
Samacá-Sáenz et al. 2016).

Morphological and molecular phylogenetic studies of the
Doryctinae have recovered some holcobraconine genera close-
ly related to Binarea Brullé, 1846 (Fig. 1a) and Liobracon
Szépligeti, 1901 (Fig. 1c) of the tribe Binaerini, as well as to
Odontodoryctes Granger, 1949 (Fig. 1g), of the tribe Doryctini
(Belokobylskij et al. 2004; Zaldivar-Riverón et al. 2006, 2007,
2008). The molecular phylogenetic study performed by
Zaldivar-Riverón et al. (2008) recovered a clade with the above
taxa and the members of the Holcobraconini as sister to a clade
with two major subclades, one mainly made up of South
American and the other one exclusively having Australian gen-
era. Comparative morphological studies also revealed that
some holcobraconine species share with those of Binareini an
undivided venom reservoir that is elongated, more or less par-
allel-sided, tubular in appearance and finely sculptured, and an
ovipositor with extremely flattened subctenidial setae, produc-
ing overlapping leaflet-like structures (Quicke et al. 1992;
Rahman et al. 1998; Belokobylskij et al. 2014).

In this study, we reconstructed the phylogenetic relationships
within Holcobraconini based on four different gene markers
and including various representative species from six of its
seven currently recognised genera, as well as members of the
three putatively closely related genera. Based on our best esti-
mate of phylogeny and on morphological examination of type
and additional material, we tested the monophyly of the tribe,
assessed its composition and generic limits and carried out a
relaxed molecular clock analysis to infer the main events that
could have led to its current geographic distribution.

Materials and methods

Taxon sampling

We generated and obtained from previously published studies
DNA sequence data for 18 species belonging to the currently
recognised holcobraconine genera except Holcobracon, and
for nine species (10 specimens) of Binarea, Liobracon and

Odontodoryctes. Taxon sampling included the following
numbers of representative species: Ivondrovia (one species),
Liodoryctes (one species), Nervellius (four species),
Odontobracon (eight species), Zombrus (four species),
Monarea (one species), Binarea (one species), Liobracon
(seven species) and Odontodoryctes (one species).

We also included in our analyses sequences of 28 species of
14 Neotropical doryctine genera and an Australian species orig-
inally assigned to Ontsira but that actually belongs to an
undescribed genus. These generawere recoveredwithin themain
South American–Australian doryctine clade in Zaldivar-Riverón
et al.’s (2008) phylogenetic study of the subfamily, where they
were recovered as sister clade to the Holcobraconini. The obtain-
ed trees were rooted with the aforementioned taxa.

In the cases in which we could not amplify at least three
genes for a given species of our ingroup genera, we added
sequences of an additional specimen of the same species in
the same terminal. For few outgroup genera, we included se-
quences of different species within a same terminal. A list with
the specimens examined, their species assignment, localities,
DNA voucher and GenBank numbers is provided in
Supplementary Material Table S1. We followed biogeograph-
ic regions proposed by Morrone (2015).

Morphological features

We examined the external morphology of the specimens, in-
cluding types, belonging to all our ingroup genera, as well as
of Acanthodoryctes Turner, Antidoryctes Belokobylskij &
Quicke and Priosphys Enderlein. The latter three genera were
not included in our molecular phylogenetic study, but their
morphology has been previously examined and they appear
to be closely related to the Holcobraconini (Quicke et al. 1992;
Rahman et al. 1998; Belokobylskij et al. 2004, 2014). All the
material examined is deposited in the following collections:
Colección Nacional de Insectos, Instituto de Biología,
Universidad Nacional Autónoma de México (IB UNAM);
Hungarian Natural History Museum, Budapest, Hungary
(HNHM); Muséum National d’Histoire Naturelle, Paris,
France (MNHN);Institut Royal des Sciences Naturelles de
Belgique, Brussels, Belgium (IRSNB); the Natural History
Museum, London, U.K. (BMNH); Swedish Museum of
Natural History, Stockholm, Sweden (SMNH); and
Zoological Institute of the Russian Academy of Sciences, St
Petersburg, Russia (ZISP). Body parts, sculpture and wing
nomenclature follows Sharkey and Wharton (1997).

DNA sequencing protocol and amplification

We examined sequences belonging to one mitochondrial and
three nuclear gene markers. We generated an ~ 867 bp frag-
ment consisting of the second and third domain regions of the
nuclear 28S ribosomal (r), 430 bp of the alpha subunit of the
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elongation factor-1 complex (EF1-α1) and 430 bp of the
wingless (wg) nuclear DNA genes. These three genes have
been widely employed to investigate the evolutionary rela-
tionships of various insect orders at different taxonomic levels
(Quicke and Belshaw 1999; Dowton et al. 2002). We also
generated 600 bp of the cytochrome oxidase I (COI) mito-
chondrial DNA gene. This gene has a faster substitution rate
and has been shown to improve the resolution of phylogenetic
estimates in multigene analyses of higher-level braconid taxa
(e.g. Zaldivar-Riverón et al. 2006, 2008, 2014). COI is also
the most employed marker within Metazoa to investigate re-
lationships among closely related species (Hebert et al. 2003).

Genomic DNAwas extracted from ethanol-preserved spec-
imens using a non-destructive technique both with the
FavorPrep™ Tissue Genomic DNA Extraction Mini Kit
(FAVORGEN® BIOTECH CORP.) and an EZ-10 spin
Column Genomic DNA Minipreps extraction Kit
(BIOBASIC CANADA INC) (Ceccarelli et al. 2012). Each
specimen was digested overnight in 300 μL of digestion so-
lution and 20 μL of proteinase K at 56 °C, and then the su-
pernatant was passed through a column following the manu-
facturer’s instructions. The elutions were stored at − 20 °C and
were used for the polymerase chain reactions (PCRs). All
specimens were subsequently washed, mounted and labelled
for morphological identification.

Amplification was performed with a total volume of 15μL,
which consisted of 3 μL 10 x PCR buffer, 0.2 μL 10 nM of
each primer, 0.2 μL of Taq polymerase (Bioline®), 3 μL of
DNA template and 8.4 μL of ddH2O. Primers and annealing
temperatures used during PCRs are listed in Supplementary
Material Table S2. Unpurified PCR products were sent for
sequencing to the genomic unit at IB-UNAM. Coding protein
sequences were manually aligned based on their translated
amino acids and were verified using the online version of
MAFFT v.7 (Katoh and Standley 2013). The alignment of
the 28S dataset was carried out based on the 28S braconid
secondary structure model proposed by Gillespie et al. (2005).

Phylogenetic analysis

A partitioned Bayesian MCMC analysis was performed for
the concatenated data set with the program MrBayes version
3.2.6 (Ronquist et al. 2012). We carried out two simultaneous
runs of 50 million generations each, using four chains, uni-
form priors and sampling trees every 5000 generations. Each
protein-coding gene was partitioned according to their codon
positions, and 28S was considered as a single partition. The
appropriate substitution models for each partition were select-
ed based on the Bayesian Information Criterion implemented
in the program Partition Finder version 2.1.1 (Lanfear et al.
2016) and are listed in Supplementary Material Table S3.

We set the burn-in fraction of 0.25 after examining the
stationarity of the Markov chains with the program Tracer

version 1.6.0 (Rambaut et al. 2014). The remaining trees of
each run were used to reconstruct a majority rule consensus
tree with posterior probabilities (PP) of clades. Clades were
considered significantly supported if they had a posterior
probability of at least 0.95 (PP ≥ 0.95).

Tests of alternative hypotheses

Our best estimate of the phylogeny recovered from the
Bayesian analysis was tested against two alternative topologies
with Bayes factors comparisons calculated from estimates of
marginal likelihoods using the stepping stone (SS) sampling
approach (Xie et al. 2011) as implemented in MrBayes version
3.2.6 (Ronquist et al. 2012). The alternative topologies forced
the monophyly of Liobracon and Zombrus, respectively.

The two SS tests were run for 20 million generations,
followed by 50 steps with 1000 samples within each step
and eliminating the first 25% of samples for each step. Each
test consisted of two independent runs, one for the constrained
topology and the other one for an unconstrained topology. The
criterion to reject an alternative topology was the arithmetic
difference of the Bayes factors of the two runs in log units. A
log difference > 5.0 was regarded as strong evidence for
rejecting an alternative hypothesis (Kass and Raftery 1995).

Divergence-time estimates

We assessed the times of origin and main diversification events
within the Holcobraconini using the concatenated data set and
the Bayesian relaxedmolecular clock approach implemented in
the program BEAST version 1.8.2 (Drummond et al. 2012).
The analysis was run for 100 million generations, sampling
trees every 1000 generations and treating each marker as a
single partition. The evolutionary models selected for each par-
tition are listed in Supplementary Material Table S3. An uncor-
related lognormal clock rate and a “birth-death incomplete sam-
pling” speciation tree prior (Stadler 2009) were implemented.
The burn-in fraction was set at 0.25. The remaining trees were
used to reconstruct a maximum clade credibility tree with PP of
clades, mean nodes ages and their 95% highest posterior den-
sities (HPDs) with the program TreeAnnotator version 1.8.4
(available from the BEAST package).

The analysis was performed calibrating the node that di-
vides the Holcobraconini from the South American +
Australian clades. This relationship was recovered in a previ-
ous phylogenetic study (Zaldivar-Riverón et al. 2008). The
calibrated node used a mean age of 52.11, a normal distribu-
tion that allows a bidirectional decreasing uncertainty and a
standard deviation of 3.48.

The MrBayes and BEASTanalyses were carried out on the
CIPRES cluster website platform (http://www.phylo.org/sub_
sections/portal/; Miller et al. 2010). The datasets generated
during this study (concatenated matrix, ID: M49867;
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phylogenetic trees reconstructed withMrBayes, ID: Tr117204
and BEAST, ID: Tr117205) are available in TreeBASE
version 2 (www.treebase.org; Piel et al. 2009; Vos et al.
2012) under the study accession number S24323.

Results

Phylogenetic relationships

The examined sequences were 600, 430, 430 and 575 base
pairs long for COI (mitochondrial), EF1-α (nuclear)1,
wingless (nuclear) and 28S (nuclear), respectively. The
concatenated matrix had a total of 2035 nucleotide positions
and 58 terminal taxa.

The Bayesian phylogram derived from the concatenated data
set is shown in Fig. 2. All ingroup genera with two species or
more were recovered as monophyletic except Liobracon and
Zombrus. The concatenated analysis recovered the
Holcobraconini as paraphyletic with respect to Binarea,
Liobracon, Monarea and Odontodoryctes, though with a mar-
ginal non-significant support (PP = 0.91), with Ivondrovia in the
basal branching, followed by Odontodoryctes (PP = 0.97) and
then by two major clades (PP = 0.99). One major clade was
composed of Liobracon + Binarea, which were sister to
Nervellius (PP = 0.85). The only species we included of
Binarea was nested within Liobracon, although with non-
significant support (PP = 0.5). The second major clade had a
clade with the only species of Liodoryctes intermingled with
the members of Zombrus (PP = 0.58) as sister to Odontobracon
(PP = 1.0), and withMonarea as sister to all of them (PP = 0.61).

Tests of alternative hypotheses

The Bayesian tests of alternative topologies carried out with
Bayes factors comparisons and the stepping stone (SS) sam-
pling approach statistically rejected the alternative topology
that supported the monophyly of Liobracon (log difference
between the unconstrained and the constrained topologies, −
24,088.78 and − 24,110.08, respectively). The alternative to-
pology that constrained the species of Zombrus was on the
other hand not statistically rejected (log difference between
the unconstrained and the constrained topologies, −
24,107.44 and − 24,111.30, respectively).

Divergence time estimates

The chronogram obtained from BEAST (Supplementary
Material Fig. S1) is generally congruent with the relationships
obtained with the Bayesian analysis performed withMrBayes.
The main differences in the BEAST analysis were the place-
ment ofMonarea, which was placed as sister to aNervellius +
(Liobracon + Binarea) clade (PP = 0.65), and with Liobracon,

which was recovered as monophyletic, although without sta-
tistical support (PP = 0.4).

The divergence of the Holcobraconini from the South
American + Australian clade and the most recent common
ancestor (MRCA) of the former tribe was estimated to have
occurred during the Late Palaeocene to Middle Eocene,
44.43–58.15 Mya (mean = 51.28 My) and 40.76–56.44 Mya
(mean = 48.68 My), respectively. The divergence time be-
tween the two major ingroup clades was estimated to have
occurred between the Middle Eocene to Early Oligocene,
29.71–43.48 Mya (mean = 36.42 My). Also, the MRCA of
the Neotropical clade comprised of Liobracon + Binarea +
Nervellius +Monarea diverged between the Middle Eocene
to Late Oligocene, 25.38–39.16 Mya (mean = 32.26 My),
whereas the MRCA of the clade with Odontobracon +
Zombrus + Liodoryctes diverged during the Late Oligocene
to Middle Miocene, 16.94–26.93 My (mean = 21.82 My).

Discussion

Generic composition of the Holcobraconini

Here, we carried out the first extensive molecular phylogenet-
ic analysis for the cosmopoli tan doryct ine tr ibe
Holcobraconini. Our two Bayesian analyses consistently re-
covered the tribe as paraphyletic with respect to the two mem-
bers of the Binareini (Binarea and Liobracon), as well as to
Odontodoryctes, which was previously placed in the
Doryctini (Belokobylskij 1992).

Currently, there is no known consistent external morpho-
logical synapomorphy that supports the placement of the
above genera within the Holcobraconini, since the only fea-
ture that supported the generic composition of the tribe before
this study, m-cu vein of the hind wing very long and strongly
curved towards its apex, appeared to have been lost three
different times in our phylogenetic reconstructions. Despite
the above, we transfer the two genera of the Binareini,
Binarea and Liobracon, and Odontodoryctes to
Holcobraconini. Based on morphological evidence, we also
transfer the two remaining genera of the Binareini to
Holcobraconini: Acanthodoryctes, which was the only mem-
ber of the subtribe Acanthodoryctina (Belokobylskij 1992),
and Antidoryctes (Belokobylskij and Quicke, 2000). Species
of these two genera share with Binarea and Liobracon the
following combination of morphological features: occipital
carina completely absent, neck of pronotum with one or two
obtuse or pointed tubercles or spines (processes); hind coxa
always without basoventral tubercle; second metasomal ter-
gite with sublateral transverse furrows; usually third segment
of the labial palp distinctly shortened. In addition, the venom
gland apparatus of Acanthodoryctes is very similar to those
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found in the original members of the Holcobraconini,
Monarea and Binarea (Quicke et al. 1992).

Although in our molecular phylogenetic study we could
not include species of Priosphys Enderlein, 1920, it is mor-
phologically very similar to Odontodoryctes, and thus, we
also include Priosphys within Holcobraconini. The hind coxa
in species of Priosphys has two dorsal teeth followed by an
apically posterior dentate crest in line with the teeth
(Supplementary Material Fig. S2e; Belokobylskij et al.
2004; Braet 2014). This feature closely relates Priosphys to
Odontodoryctes, which also has a dentate keel on the hind

coxa, and for years Odontodoryctes was a synonym of
Priosphys (Shenefelt and Marsh 1976). However,
Belokobylskij (1992) resurrected the name Odontodoryctes
based on the following differences: second metasomal tergite
without (Priosphys; Supplementary Material Fig. S2j) or with
(Odontodoryctes) basal area delineated posteriorly by deep
furrow, third tergite without (Priosphys; Supplementary
Material Fig. S2j) or with (Odontodoryctes) transverse
submedian groove, first flagellomere of antenna shorter
(Priosphys; Supplementary Material Fig. S2f) or distinctly
longer (Odontodoryctes) than second flagellomere and

Fig. 2 Bayesian phylogram derived from the concatenated (COI + EF1- α +Wingless + 28S) data set using MrBayes. Black circles near branches
represent PP values ≥ 0.95; hollow circles represent PP values ≤ 0.94 and ≥ 0.9
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propodeum without (Priosphys) or with (Odontodoryctes)
areas delineated by carinae.

We therefore recognise within Holcobraconini a total of 13
genera (see below). Belokobylskij (1992) divided the
Holcobraconini into three subtribes based on external morpholo-
gy, Odontobraconina (with Odondobracon, Zombrus and
Liodoryctes), Holcobraconina (with Holcobracon and
Nervellius) and Ivondroviina (with Ivondrovia). Our analyses re-
covered the members of the above subtribes in separate clades, as
well as a clade with the members of the previously regarded tribe
Binareini, Binarea and Liobracon. In addition to this, Monarea
and Odontodoryctes cannot be placed in any the above groups,
and thus, we propose abandoning this subtribal classification.

Based on our morphological examination, we propose the
following combination of characters to diagnose the
Holcobraconini: (a) m-cu vein of the hind wing very long and
strongly curved towards its apical margin (Fig. 3a), or rather
short and slanted towards the base of the wing (Figs. 3b, d), or
absent (Fig. 3c); (b) second metasomal tergite usually with a
large raised suboval (Fig. 4c) or subtriangular medial area (Fig.
4d); (c) hind coxa always without basoventral tubercle, often
with dorsal processes (1–2 teeth/projections or dentate keel;
Fig. 5b–d); (d) an undivided venom reservoir, elongated, paral-
lel-sided, tubular in appearance and finely sculptured
(examined in species of all genera except Odontodoryctes,
Priosphys and Antidoryctes; Quicke et al. 1992) and (e) ovipos-
itor (for taxa that were examined for this feature) with extremely
flattened subctenidal setae producing overlapping leaflet-like
structures (Rahman et al. 1998).

Below, we provide a key to the 13 holcobraconine genera
that are recognized after this study, followed by a diagnosis for
each of them. All diagnoses are mainly based on morpholog-
ical examination of type material deposited in the collections
mentioned above.

Key to the genera of the tribe Holcobraconini

1. Vein m-cu of hind wing long and strongly curved to distal
margin of wing (Fig. 3a). Hind coxa dorsally often with one or
two projections or teeth (Fig. 5b, c) ...................................... 2
- Vein m-cu of hind wing short and oblique to baso-posterior
margin of wing (Fig. 3b, d); sometimes (Monarea and
Acanthodoryctes) completely absent (Fig. 3c). Hind coxa dor-
sally usually without projections or teeth (Fig. 5a), rarely
(Odontodoryctes, Priosphys) with dentate crest (Fig. 5d)
................................................................................................ 7
2. Hind coxa dorsally with one or two projections or teeth
(Fig. 5b, c)……..............................................……………... 3
- Hind coxa dorsally without any projections or teeth (Fig. 5a)
…..............................................…………………………..... 5
3. Occipital carina completely absent (Fig. 4a). Notauli mostly
r e d u c e d . A u s t r a l i a n a n d E t h i o p i a n r e g i o n s
..............................................................Liodoryctes Szépligeti
- Occipital carina present at least laterally (Fig. 4b), rarely
(some Zombrus) completely absent. Notauli present at least
o n a n t e r i o r h a l f o f m e s o s c u t u m
………………………………………...……...….....……... 4

Fig. 3 Photographs showing the
fore and hind wing of
holcobraconine genera. a
Zombrus sp. b Liobracon sp. aff.
geniculatus c Monarea tripartita.
d Odontodoryctes biannulatus
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4. Hind coxa dorsally with two projections (Fig. 5c), but
sometimes second projection very short. Old World
(Palaearctic, Oriental, Ethiopian and Australian regions)
...…...……...……...……...……...…...… ZombrusMarshall
- Hind coxa dorsally with one projection (Fig. 5b). NewWorld
(Nearctic and Neotropical regions) …..……………..
Odontobracon Cameron
5. Occipital carina and subocular suture absent (Fig. 4a). Frons
near antennal sockets without keel. Third segment of labial
palp not shortened. First flagellomere of antenna not longer
than second flagellomere. Propodeum with distinct areola and
medial basal carina, without areolation. Ethiopian region
….......................................... Ivondrovia Shenefelt & Marsh
- Occipital carina and usually subocular suture present
(Fig. 4b). Frons near antennal sockets with more or less high
keel. Third segment of labial palp distinctly shortened. First
flagellomere of antenna longer than second flagellomere.

Propodeum without areola and medial basal carina, usually
covered by dense areolation ................................................. 6
6. Marginal cell of hind wing without transverse vein
(r). Ocelli arranged in equilateral triangle. Second
metasomal tergite with large oval area delineated by
deep sublateral furrows (Fig. 4c). Second suture with
distinct sublateral breaks. Oriental and Neotropical re-
gions .............…………………. Holcobracon Cameron
- Marginal cell of hind wing with distinct transverse vein (r).
Ocelli arranged in triangle with base distinctly larger than its
sides. Second metasomal tergite without delineated area
(Fig. 4e). Second suture almost straight or absent.
Neotropical region .................................... Nervellius Roman
7. Occipital carina completely absent (Fig. 4a). Pronotum dor-
sally with one or two projections or lumps. Scapus of antenna
often with transformation, more or less distinctly depressed,
with deep excision on inner apical margin, with dense

Fig. 4 Photographs showing
some morphological features of
holcobraconine genera. Head
(dorsal view) with absence/
presence of occipital carina (a, b):
a Binarea spinicollis; b
Odontodoryctes sp. aff.
xanthocephalus Granger. Second
metasomal tergite (dorsal view)
(c, d, e, f): c Zombrus sp. aff.
croceipes, with a large raised oval
area; d Monarea fridae, with a
subtriangular mediobasal area; e
Nervellius sp. nov. aff.
costaricensis, with a medial oval
area; f Odontodoryctes
biannulatus, with a wide semi-
round mediobasal area
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pubescence on inner apical margin.Marginal cell of hind wing
with vein M + CU usually distinctly longer than vein 1-M
................................................................................................ 8
- Occipital carina present at least dorsally and laterally
(Fig. 4b). Pronotum dorsally always without projection
or lumps. Scapus of antenna without transformation and
peculiar pubescence on its apical margin. Marginal cell
of hind wing with vein M + CU no longer than vein 1-
M ……………..................………...………………….. 11
8. Third segment of labial palp long. Scapus of antenna sim-
ple, without transformation and dense apical pubescence.
Hind wing without vein m-cu (Fig. 3c); marginal cell without
transverse vein (r). Pronotum dorsally with one or two pointed
projections. Metapleuron and most of first metasomal tergite
covered by very dense white pubescence. Australian region
......................................................... Acanthodoryctes Turner
- Third segment of labial palp shortened. Scapus of antenna with
transformation, more or less distinctly depressed, with deep ex-
cision on inner apical margin, with dense pubescence on inner
apical margin; rarely scapus only with simple semi-oval apical
process. Hindwingwith veinm-cu;marginal cell oftenwith vein
r. Pronotum dorsally with one or two subobtuse lumps.
Metapleuron and first metasomal tergite without very dense
white pubescence..….................................................................... 9
9. Scapus of antenna with simple semi-oval apical pro-
cess. Pronotum dorsally flat and with two obtuse lateral
lumps. Marginal cell of hind wing without vein r.
Second metasomal tergite with mediobasal area delineat-
ed by furrow. Australian region........................................
Antidoryctes Belokobylskij & Quicke
- Scapus of antenna more or less distinctly depressed, with
deep excision on inner apical margin, with dense pubescence

on inner apical margin. Pronotum dorsally convex and with a
single subobtuse submedian lump. Marginal cell of hind wing
with vein r. Second metasomal tergite without mediobasal
area delineated by furrow……..............…………..…….... 10
10. Propleuron below anteriorly with two anterior hook-like
pointed teeth, with two distinct tubercle in posterior third.
Precoxal sulcus absent or very shallow. Hind basitarsus 4.0–
5.0 times longer than inner spur, 0.5–0.6 times as long as
second-fifth segments of hind tarsus combined. Neotropical
region............................................................... Binarea Brullé
- Propleuron below without teeth and tubercle. Precoxal sul-
cus usually distinct. Hind basitarsus only 2.5–3.0 times longer
than inner spur, 0.35–0.40 times as long as second-fifth seg-
ments of hind tarsus combined. Neotropical re-
gion........................................................ Liobracon Szépligeti
11. Vein m-cu of hind wing completely absent. Second
metasomal tergite with sublateral furrows distinctly conver-
gent posteriorly, delineating a subtriangular mediobasal area
(Fig. 4d). Hind coxa dorsally without teeth and crest (Fig. 5a).
Neotropical region.....………………..... Monarea Szépligeti
- Vein m-cu of hind wing always present (Fig. 3d). Second
metasomal tergite without sublateral furrows, sometimes only
with semi-rounded basal area (Fig. 4f). Hind coxa dorsally
with teeth and dentate crest (Fig. 5d). Ethiopian region
.............................................................................................. 12
12. Second metasomal tergite without basal area delineated
posteriorly by deep furrow (Supplementary Material Fig. S2j).
Third metasomal tergite without transverse submedian groove
(SupplementaryMaterial Fig. 2k). First flagellomere of antenna
shorter than second flagellomere (Supplementary Material
Fig. S2f). Propodeum without areas delineated by carinae
(Supplementary Material Fig. S2h)…… Priosphys Enderlein

Fig. 5 Photographs showing the
hind coxa of holcobraconine
genera. a Nervellius sp. nov. aff.
costaricensis, without dorsal
processes; b Odontobracon
janzeni, with one tooth; c
Zombrus sp. aff. croceipes, with
two teeth; d Odontodoryctes
seyrigi, with one tooth followed
by a dentate crest
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- Second metasomal tergite with semi-rounded basal area de-
lineated posteriorly by deep crenulate furrow (Fig. 4f). Third
metasomal tergite with transverse submedian groove. First
flagellomere of antenna distinctly longer than second
flagellomere. Propodeum with areas delineated by cari-
nae...................................................OdontodoryctesGranger

Acanthodoryctes Turner 1918
Type species Iphyaulax morleyi Froggart, 1916.
Acanthodoryctes Turner, 1918: 55; Shenefelt and Marsh

1976: 1264; Yu et al. 2016.
Diagnosis. Occipital carina completely absent.

Maxillary palp relatively long; third segment of labial palp
not shortened. Scapus of antenna common, without trans-
formation. Pronotum dorsally flat, with two lateral long
and pointed curved projections. Propleuron without teeth.
Notauli deep and complete. Propodeum with dense and
small irregular areolation, with delineated areola.
Precoxal furrow present and shallow. Hind coxa without
dorsal projections and basoventral tubercle. First discal cell
of fore wing distinctly petiolate anteriorly. In hind wing,
vein m-cu absent; marginal cell without transverse vein r;
vein M + CU not shorter than vein 1-M. Second metasomal
tergite with two deep sublateral and weakly divergent fur-
rows reaching second suture.

Distribution. Australian region. Three recognized species.

Antidoryctes Belokobylskij & Quicke, 2000
Type species Antidoryctes pronotalis Belokobylskij &

Quicke, 2000.
Antidoryctes Belokobylskij & Quicke, 2000: 137; Yu et al.

2016.
Diagnosis. Occipital carina completely absent. Maxillary

palp relatively long; third segment of labial palp shortened.
Scapus of antenna elongated, without deep transformation,
only with distinct semi-circular apical lobe. Pronotum dorsally
more or less flat, with two elongate, obtuse, wide lateral pro-
tuberances. Propleuron without teeth or protuberances.
Notauli deep, almost complete, but very shallow posteriorly.
Propodeum rugose-areolate, without delineated areas.
Precoxal furrow present and deep. Hind coxa without dorsal
projections and basoventral tubercle. First discal cell of fore
wing shortly petiolate anteriorly. In hind wing, vein m-cu
present; marginal cell without transverse vein r; vein M +
CU distinctly longer than vein 1-M. Secondmetasomal tergite
with basomedian area delineated posteriorly by a distinct fur-
row not reaching second suture.

Distribution. Australian region. One recognised species.

Binarea Brullé, 1846
Type species Binarea spinicollis Brullé, 1846.
Binarea Brullé, 1846: 470; Shenefelt and Marsh 1976:

1267; Yu et al. 2016.

Diagnosis. Occipital carina completely absent. Maxillary
palp long and narrow; third labial segment shortened. Scapus
of antenna more or less distinctly depressed, with deep exci-
sion and dense pubescence on inner apical margin. Pronotum
dorsally with single thick and obtuse projection. Propleuron
anteriorly with two hook-like pointed teeth. Notauli reduced
posteriorly. Propodeum without areolation. Precoxal furrow
absent or very shallow. Hind coxa without dorsal projections
and basoventral tubercle. First discal cell of fore wing shortly
petiolate anteriorly. Hind wing vein m-cu present, short,
slanted towards base of wing; marginal cell with transverse
vein r; vein M +CU distinctly longer than vein 1-M. Second
metasomal tergite with two shallow sublateral convergent fur-
rows reaching second suture.

Distribution.Neotropical region. Four recognised species.

Holcobracon Cameron, 1905
Type species Holcobracon fulvus Cameron, 1905.
Holcobracon Cameron, 1905: 89; Shenefelt and Marsh

1976: 1363; Yu et al. 2016.
Diagnosis. Occipital carina present at least dorsally and

laterally. Frons usually with deep depression and median lon-
gitudinal keel. Third segment of labial palp distinctly short-
ened. Scapus of antenna common, without transformation.
Notauli deep and complete. Propodeumwith dense areolation.
Precoxal furrow present. Hind coxa without dorsal projections
and basoventral tubercle. First discal cell of fore wing sessile
anteriorly. Hind wing vein m-cu long and strongly curved
towards the apical margin of the wing; marginal cell without
transverse vein r; vein M +CU distinctly longer than vein 1-
M. Second metasomal tergite with two deep sublateral and
weakly convergent curved furrows separated by a raised oval
median area.

Distribution. Oriental and Neotropical regions. Three
recognised species.

Ivondrovia Shenefelt & Marsh, 1976
Type species Lophogaster seyrigi Granger, 1949.
Lophogaster Granger, 1949: 93 (preocc., not Lophogaster

Sars, 1857, Crustacea).
Ivondrovia Shenefelt & Marsh, 1976: 1364; Yu et al. 2016;

Belokobylskij et al. 2018: 89.
Diagnosis. Occipital carina completely absent. Frons with

shallow depression and almost without keel. Third segment of
labial palp slightly shortened. Scapus of antenna common,
without transformation. Notauli deep and complete.
Propodeum mainly smooth, with long median carina and de-
lineated areola. Precoxal furrow present, but shallow. Hind
coxa without dorsal projections and basoventral tubercle.
First discal cell of fore wing petiolate anteriorly. Hind wing
vein m-cu long and strongly curved towards the apical margin
of the wing; marginal cell without transverse vein r; vein M +
CU longer than vein 1-M. Secondmetasomal tergite with deep
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lateral furrows, convergent posteriorly and fused with second
suture; these furrows and second suture medially define a
large and leaf-shaped median area; additionally, second tergite
in anterolateral half with subtriangular area delineated by shal-
low or deep furrows.

Distribution. Ethiopian region. Two recognised species.

Liobracon Szépligeti, 1901
Type species Liobracon singularis Szépligeti, 1901 (=

Syngaster macula Brullé, 1846).
Liobracon Szépligeti, 1901: 361; Shenefelt and Marsh

1976: 1316; Yu et al. 2016.
Diagnosis. Occipital carina completely absent. Maxillary

palp long and narrow; third labial palp segment shortened.
Scapus of antenna depressed, with deep excision and dense pu-
bescence on inner apical margin. Pronotum dorsally with one or
two lumps. Propleuron without teeth and tubercles. Notauli re-
duced at posterior half of mesoscutum. Propodeum without
areolation. Precoxal furrow present. Hind coxa without dorsal
projections and basoventral tubercle. First discal cell of forewing
shortly petiolate anteriorly. Hind wing vein m-cu present, short,
slanted towards base of wing; vein M+CU distinctly longer
than vein 1-M. Second metasomal tergite with two deep or shal-
low sublateral convergent furrows reaching second suture.

Distribution. Neotropical and Nearctic regions. Sixteen
recognised species.

Liodoryctes Szépligeti, 1906
Type species Acanthobracon australiensis Szépligeti,

1902.
Liodoryctes Szépligeti, 1906: 599; Shenefelt and Marsh

1976: 1364; Yu et al. 2016.
Diagnosis. Occipital carina completely absent. Frons usu-

ally with deep depression and median longitudinal keel.
Maxillary palp long and narrow; third labial palp segment
shortened. Scapus of antenna common, without transforma-
tion. Notauli completely reduced in posterior half. Propodeum
with dense areolation. Precoxal furrow present. Hind coxa
dorsally with two, long and short, projections, without
basoventral tubercle. First discal cell of fore wing petiolate
anteriorly. Hind wing vein m-cu long and strongly curved
towards the apical margin of the wing; marginal cell without
transverse vein r; vein M +CU weakly longer than vein 1-M.
Second metasomal tergite with two deep sublateral and weak-
ly divergent curved furrows separated by a raised suboval
median area.

Distribution. Australian and Ethiopian regions. Six
recognised species.

Monarea Szépligeti, 1904
Type species Osmophila fasciipennis Szépligeti, 1902.
Monarea Szépligeti, 1904: 68; Shenefelt and Marsh 1976:

1320; Belokobylskij et al. 2014: 424; Yu et al. 2016.

Diagnosis. Occipital carina present at least dorsally and
laterally. Frons distinctly concave, with median keel. Third
segment of labial palp not shortened. Scapus of antenna com-
mon, without transformation. Propleuron with additional low-
er lateral lumps slightly before its anterior margin. Notauli
complete. Propodeum mainly smooth. Precoxal furrow pres-
ent but shallow. Hind coxa without dorsal projections and
basoventral tubercle. First discal cell of fore wing sessile an-
teriorly. Hind wing vein m-cu of hind wing absent; marginal
cell without transverse vein r; vein M +CU distinctly longer
than vein 1-M. Second metasomal tergite with two deep
sublateral and strongly convergent furrows separated by a
subtriangular mediobasal area.

Distribution.Neotropical region. Four recognised species.

Nervellius Roman, 1924
Type species Nervellius subdivisus Roman, 1924.
Nervellius Roman, 1924: 5; Shenefelt and Marsh 1976:

1364; Yu et al. 2016.
Diagnosis. Occipital carina present at least dorsally and lat-

erally. Frons usually concave and with a median longitudinal
keel. Third segment of labial palp distinctly shortened. Scapus
of antenna common, without transformation. Pronotum and
propleuron without lumps or processes. Notauli complete.
Precoxal furrow present, distinct and smooth. Propodeum with
large areolation. Hind coxa without dorsal projections and
basoventral tubercle, but sometimes with a dorsal tooth
(N. philippus Braet, 2014). First discal cell of fore wing petiolate
anteriorly. Hind wing vein m-cu long and strongly curved to-
wards the apical margin of wing; marginal cell with transverse
vein r; vein M +CU slightly longer than vein 1-M. Second
metasomal tergite with two shallow sublateral divergent furrows.

Distribution. Neotropical región. Eight recognised spe-
cies.

Odontobracon Cameron, 1887
Type species Odontobracon nigriceps Cameron, 1887.
Odontobracon Cameron, 1887: 461; Shenefelt and Marsh

1976: 1365; Marsh 1988: 444; Yu et al. 2016.
Diagnosis. Occipital carina present at least dorsally and lat-

erally. Frons usually with deep depression and median longitu-
dinal keel. Third segment of labial palp distinctly shortened.
Scapus of antenna common, without transformation.
Pronotum and propleuron without lumps and processes.
Notauli complete. Propodeum with dense areolation, rarely al-
most smooth. Precoxal furrow present, distinct. Hind coxa dor-
sally with only a single long projection, without basoventral
tubercle. First discal cell of fore wing petiolate anteriorly.
Hind wing, vein m-cu long and strongly curved towards the
apical margin of the wing; marginal cell without transverse vein
r; vein M + CU weakly longer than vein 1-M. Second
metasomal tergite with deep sublateral and weakly convergent
curved furrows separated by a raised oval median area.
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Distribution. Nearctic and Neotropical regions. Fifteen
recognised species.

Odontodoryctes Granger, 1949
Type species Odontodoryctes biannulatus Granger, 1949.
Odontodoryctes Granger, 1949: 96; Shenefelt and Marsh

1976: 1328; Yu et al. 2016.
Diagnosis.Occipital carina mainly present. Frons concave,

with median keel. Third segment of labial palp not shortened.
Scapus of antenna common, without transformation.
Pronotum and propleuron without lumps and processes.
Notauli complete. Propodeum areolate-rugose, with delineat-
ed areas. Precoxal furrow present, distinct. Hind coxa dorsally
with curved and pointed anterior long and posterior short teeth
(spines) and denticulate crest, without basoventral tubercle.
First discal cell of fore wing petiolate anteriorly. Hind wing,
vein m-cu present, short, slanted towards base of wing; mar-
ginal cell without transverse vein r; vein M +CU shorter than
vein 1-M. Second metasomal tergite with wide semi-round
mediobasal area delineated by deep curved furrows; third ter-
gite with submedial transverse furrow.

Distribution. Ethiopian region. Six recognised species.

Priosphys Enderlein, 1920
(Supplementary Material Figs. S2a–k)
Type species Priosphys denticulata Enderlein, 1920.
Priosphys Enderlein, 1920: 132; Shenefelt and Marsh

1976: 1328; Yu et al. 2016.
Diagnosis.Occipital carina mainly present. Frons concave,

with fine median keel. Third segment of labial palp not short-
ened. Scapus of antenna common, without transformation.
Pronotum and propleuron without lumps and processes.
Notauli complete. Propodeum areolate-rugose, without delin-
eated areas. Precoxal furrow present and deep. Hind coxa
dorsally with curved and pointed anterior long and posterior
short teeth (spines) and denticulate crest, without basoventral
tubercle. First discal cell of fore wing petiolate anteriorly.
Hind wing, vein m-cu present, short, slanted towards base of
wing; marginal cell without transverse vein r; vein M +CU
shorter than vein 1-M. Second metasomal tergite without
mediobasal area delineated by furrow; third tergite without
submedial transverse furrow.

Distribution. Ethiopian region. One recognised species.

Zombrus Marshall, 1897
Type species Zombrus anisopus Marshall, 1897.
Zombrus Marshall, 1897: 10; Shenefelt and Marsh 1976:

1366; Yu et al. 2016.
Diagnosis. Occipital carina present at least dorsally and

laterally, but in a few species completely absent. Frons with
deep depression and median longitudinal keel. Third segment
of labial palp distinctly shortened. Scapus of antenna com-
mon, without transformation. Pronotum and propleuron

without lumps and processes. Notauli complete. Propodeum
with dense areolation. Precoxal furrow present, distinct. Hind
coxa dorsally with two, long and short, projections, without
basoventral tubercle. First discal cell of fore wing petiolate
anteriorly. Hind wing, vein m-cu long and strongly curved
towards the apical margin of wing; marginal cell without
transverse vein r; vein M +CU distinctly longer than vein 1-
M. Second metasomal tergite with two deep sublateral and
weakly convergent curved furrows separated by a raised oval
median area.

Distribution. Ethiopian, Australian, Oriental and
Palaearctic regions. Forty-two recognised species.

Generic limits

Our phylogenetic analyses recovered the examined genera
with two or more species as monophyletic except Liobracon
and Zombrus. The placement of Binareawithin the Liobracon
clade (though with non-significant support), the result of the
test of alternative topology and the similar morphology be-
tween these two genera strongly suggest that they should be
synonymized. The features that allow distinguishing species
of both genera (based on examination of type material) are
propleuron anteroventrally with (Binarea) or without
(Liobracon) two anterior hook-like pointed teeth, an addition-
al distinct tubercle (Binarea) in posterior third, and precoxal
sulcus absent (Binarea) or present (Liobracon). However, we
decided to maintain these two taxa separately since we only
examined one species of Binarea and the relation recovered
had no statistical support.

The presence of the only species of Liodoryctes nested
together in a clade with the four species of Zombrus is con-
gruent with their geographic distribution, since the single
Palaearctic species of Zombrus (Z. bicolor) here included
was recovered as sister to the remaining taxa, all of which
occur in the Ethiopian region. However, the test of alternative
hypotheses did not reject the monophyly of the Zombrus. We
therefore leave Zombrus and Liodoryctes as separate genera
pending future phylogenetic studies with additional species.
Based on examination of type material, these two genera can
be morphologically distinguished from one another by having
the occipital carina completely absent (Liodoryctes) or present
at least laterally (Zombrus), and the notauli mostly reduced
(Liodoryctes) or present at least on anterior half (Zombrus).

Biogeographic inferences

We did not perform an ancestral area reconstruction analysis
since our taxon sampling did not cover all the biogeographic
regions that have been recorded for some holcobraconine gen-
era. However, we mention some biogeographic inferences that
we could make for the group based on the recovered
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relationships and the divergence time estimates and the known
geographic distribution of each genus.

Our results suggest that the Holcobraconini probably orig-
inated during the Late Palaeocene toMid Eocene. This time of
origin for the tribe agrees with the one recovered by Zaldivar-
Riverón et al. 2008) molecular phylogenetic study of the
Doryctinae using the penalised likelihood method
(Sanderson 2002). Additionally, the two most basal
holcobraconine branching, which includes the genera
Ivondrovia and Odontodoryctes, are restricted to the
Ethiopian region, suggesting that this could have been the
ancestral area for the MRCA of the tribe.

The recovered divergence time estimates within the
Holcobracinini are considerably younger than the proposed
age for the final separation between South America and
Africa (~ 105–120 Mya; McLoughlin 2001; Seton et al.
2012). Thus, we propose that at least two main dispersal
events could have led to the current geographic distribution
of the holcobraconine genera. One of them possibly occurred
from the Ethiopian to the Neotropical region during the
Middle Eocene to Late Oligocene in the clade that contains
Monarea, Nervellius, Binarea and Liobracon. The second
main dispersal event could have occurred with the
Odontobracon, Zombrus and Liodoryctes clade, whose
MRCA probably dispersed from the Ethiopian to the
Palaearctic, Neotropical and possibly the Australian and
Oriental regions during the late Oligocene to early Miocene.

The sugges ted spec ies d ivers i f i ca t ion of the
Holcobraconini and its apparent dispersal to most biogeo-
graphic regions during the Late Palaeocene to Middle
Eocene could have occurred due to an increase in atmospheric
temperature during this period, an event known as the
Palaeocene-Eocene Thermal Maximum (PETM) (Bains
et al. 1999; Gingerich 2006; Jardine 2011; McInerney and
Wing 2011). This increase in temperature propitiated the en-
vironmental conditions that could have favoured the popula-
t ion growth of many insec t spec ies , inc lud ing
holcobraconines, as well as their dispersal to previously cold
environments (Currano et al. 2011; Jardine 2011; McInerney
and Wing 2011), allowing their dispersal to various biogeo-
graphic regions.
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