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Abstract

A phylogenyof the Torymidae (Chalcidoide# estimatedising 473sucleotides from 5

genesTwelveoutgroups and 235 ingroup taaeeused, representing about 70%tlud
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recognized gener@ur analysesdo not recoveirorymidae as monophyletic and wexognize
instead two familiesMegastigmidadstat. rev.) and Torymidaes.s. (stat. rev.). Within
Torymidaes.s., we recognizé subfamilies and &ibes, includingChalcimerinae,
Glyphomerinae and Microdontomeringeabf. nov.), and two newribes: Boucekimi and
Propalachiinitrib. nov.). Seven ualassified gener@.e. Cryptopristus, Echthrodape,
Exopristoides, Exopristus, part ofGlyphomerus, Thaumatorymus, Zaglyptonotus) are assigned
to tribes within“ournew classifcation Fivegenera are stored from synonymyAmeromicrus
andDidactyliocerus from underTorymoides (stat. rev.), Iridophaga andlridophagoides from
underPodagrionella (stat. rev.) andNannocerus from underTorymus (stat. rev.), andthree
genera are .synonymizedl]otorymus underTorymus syn. nov., Ditropinotus under
Eridontomerus$yn. nov. andPseuderimerus underErimerus syn. nov. A Palaearctic or
Eurasian origin‘for Torymidae is proposed. The ancestral area of Megastigmidheated
asthe Australianiregion. The most probable ancestral life strategy for Torysxdiese
ectoparasitism on gall-forming Cynipidakhe ife strategyand putative hosts of the common
ancestor of Megastigmidae remain uncertain
Introduction
Within Hymenoptera, Chalcidoidea is an extremely diverse superfamily. Mane22,500
speciesihave been described and their overall diversity is estimated ahamos€®,000
species (Heraty2009; Noyes, 20)7Although the number of recognized chalcid families has
varied substantially, most recently 22nilieshave beemecognized (Aguiaet al, 2013;
Heratyet al.,2013). Their morphologicalisparityand enormouspecies diversitarealso
reflected by their biological and feeding strategies. Most Chalcidoidea asstpais and thus
are important natural enemies of insects. Despite their functional importance in natural
ecosystems, the taxonomy, biology and phylogeny of most chalcidoid faandiesorly
known (Huber, 2009). Until now, only a few comprehensive phylogenetic studasitiés
or subfamilies of'Chalcidoiddaave been published. Most of these studies are based on
morphology«(Gibson, 1989 - Eupelmidae, 19%upelminae; Grisselll995 - Toryminae;
Heraty, 2002-Eucharitidae; Lotfalizadeét al.,2007 - Eurytominae), and only a few have
used molecular characters (Owedral.,2007 -Trichogrammatidae; Cruaud et &010, 2012
- Agaonidaesss;;, Cruaud et al., 2011a, lAgaonidae, Sycophaginae; Cruaud et al., 2013 -
Pteromalidae, Sycoecindgurkset al.,2011 - Eulophidae; Segat al.,2012 -Pteromalidag
Sycoryctinae; Murragt al.,2013 -Eucharitidae).

Torymidag asrecognized until nowis one of the midsized families of Chalcidoidea
thatincluded 69 valid extargenera and about 1100 described species (Gri$88b;Jansta
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et al.,2013). Monophyly of the familwassupported in analyses that included only adult
morphological characters (GrisselP95; Gibsoret al.,1999; Heratyet al.,2013). Although,
each of these authors acknowledged the monophyly of Torymidaesrtighasizedhe lack

of unique synapomorphies ftire family.Boucek (1988) summarized the classification

history ofsTerymidae and proposed five morphological features defining the family. Grissell
(1995) questionedall of the characters stated by Boucéek (1988) and interpreted them as
synapomorphies‘ofithe family. He also suggested that the family was monophylaliobase
combination of the same five character stdtesontrast, the monophyly of Torymidae based
only on molecular or larval characters, has never been recovered (Cas@heH000;

GoOmez et al.2008; Munreet al.,2011).

Theinfrafamilial classification of Torymidae has been revised several times since the
family wasfirst described (Walkerl833).Several subfamilies within Torymidaeere
createdIdarninae, Megastigminae, Monodontomerinae, Ormyrinae, Toryminae (all
Ashmead, 1899), Podagrioninae (Ashmead, 1904), Erimerinae (Crawford, 1914),
Epichrysomallinae and Sycophaginae (Hill, 1967), and Thaumatoryminae (Peck et al., 1964).
Some of them.are now classifisdother families (Idarninae and Sycophaginae in Agaonidae,
Epichrysomallinae in Pteromalidae, and Ormyrinae in Ormyridae) (Heralty 2083),
whereaghe remaining subfamilies (Megastigminae, Monodontomerinae, Toryminae,
Podagrioninae; Enerinae and Thaumatoryminae) remainedorymidae. The first tribal
classification (excluding Idarnini) was established by Boucek (1976) who created Palachiini
and Podagrionini within Podagrioninae (Torymidae). Later, Bouc¢ek (1978) included the
former Paagrioninae as a tribe of Monodontomerinae (along with Palachiini and
Podagrionini) and created several other tribes within the subfamily (Chalcimerini,
Chrysochalcissini, and Monodontomerini). Boucek (1988) reduced Erimerinae to a tribe of
Monodontomerinae andiecreasd the number of subfamilies of Torymidae to
Megastigminae, Monodontomerinae, Thaumatoryminae, and Toryminae, with the latter

divided intestwartribes, Torymini and Odopoiini.

Grissell (1995konducted a comprehensive phylogenetic analystseof orymidaebased on

24 morpholoegical characters and 46 taxacldssified Torymida and recognized ontywo
subfamilies, Megastigminae and Toryminaeluding Monodontomerinae,

Thaumatoryminae and Toryminaansu Boucek, 1988), and hypothesized the monophyly of
both groupsToryminae were divided into seven trikemsisting of 49 genera (Fig. S1) and
890 extanspeciesChalcimerini included 1 genus and 1 species (i.e. 1/1), Microdontomerini
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(9/112), Monodontomerini (13/§8Palachiini (329), Podagonini (7/140), Torymini

(10/420) and Torymoidini (6/11@Grissell 1995 Noyes, 2017)Odopoia was placed in
Torymini, however Grissell (1995) did not explicitiythdraw OdopoiiniSome genera were
treated asncertae sedis with respect to tribal classification Toryminae and remagu
unplacedCryptopristus (3 species)iEchthrodape (2), Exopristoides (2), Exopristus (1),
Glyphomerus (9), Stenotorymus (1), Thaumatorymus (1), andZaglyptonotus (3) (Grissel)

1995; Noyes; 2077

Grissell'sclassificationof Torymidaewasonly partly adopted by Zerova and Seryogina
(1999) and Zerovateal. (2003) who recognized only two subfamilies (Megastigminae and
Toryminae).and only three tribes within Toryminae (Podagricsamsu Boucek, 1978,
Monodontemerini (=Monodontomeringensu Boucek, 1988 excluding Podagrionini), and
Torymini sensu Grissell, 1995). Nothing was stated about Thaumatoryminae.

What was previausly classified as the subfamily Megastigmine@niposeaf 206 species

in 12 generaBoucek, 1988; Noyes, 2017). There has not been a rigorous phylogenetic study
of this group based on either morphological or molecular characters. Mualq2011) and
Heratyet al (2013) recovered Megastigminae as monophyletic, however with only 3 and 4
includedgenerarespectively

Most torymid generéd5) are distributed in the Old World (GrissdlB95;JansSteet al, 2013;
Noyes, 2017),with only a few cosmopolitan genera sharedtéthlew World:

Cryptopristus, Eridontomerus, Glyphomer us, |diomacromerus, Megastigmus,

Microdontomerus, Monodontomerus, Palmon, Podagrion, Pseuderimerus, andTorymus.

Only a few genera are endemic to the Neotropical and the Nearctic regiomdingcl
Boucekinus andPlatykula (Torymoidini), Zaglyptonotus (Toryminaeincertae sedis),

Chileana, Perissocentrus andZdenekius (Monodontomerini)Physothorax and

Plesiostigmodes (Torymini), andNeopal achia (Palachiini).

The biology of torymid species is still largely unknown but a fesll-deefinedpatterns are
apparent. Mestilarvae of Torymidas. (Chalcimerinagmost of Microdontomerinae,
Toryminae)are-ectoparasitoids of various gall makensinly Cynipidae and Cecidomyiidae.
At leasttwo.speciesf Palachiini and mostpecief Podagrionin{Grissell 1995as well as
Microdontomerus iridis arereported aparasitoids ofmantid eggs. Most Monodontomerinae
are ectoparasitoids on larvae of bees or endoparasitoids of eggs of Heteruptépupae

of Lepidoptera or Symphyi@rissell 1995). Only a f& specie®f Toryminiare
phytophagous. As far as is knovapecies ofiearly allmegastigmine genera are
ectoparasitoids of various gall makersphytophagous in plant seg@rissell 1999).
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Little is known about the larval mphology of Torymidae. There are several individual
studies concerning larval morphology and descriptions of various immature stakew,(As
1961, 1966, 2002; Sellenschl®82, 1983, 1984, 1989, Skrzypczynska and Roques, 1987,
Askewet al, 2004, 2007; Nieves-Aldrest al, 2007), but none have discussed larval
characters insasphylogenetic framework. The only phylogenetic analysis baslearacters

of theterminatinstar larve@ wasdone by Gomeet al (2008). Inthatstudy, larval

morphology did not support the monophyly of Torymidae as postulated in other studies
(Grissell 1995; Heratyet al, 2013), but instead suggested that Megastigminae and Toryminae
weretwo unrelated lineages

No fossil of. Megastigmidae and only a few fossif Torymidaes.s. have been documented

so far Theoldestlescribedorymid fossilsarein Baltic amber 44 Myr (Monodontomerus
primaveus Brues, 1923), but they are also known frdominican amber (325 Myr, Cruaud

et al, 2010) and Eocen®tigocene shale&Grissell 1976, 1995). Two extinct genera are
known from Dominican amber (Grissell980),Gummilumpus bouceki (Grissell, 1980) which

is assigned to PalachijrandZophodetus woodr uffi Grissell, 1980Qvhich appeasto be

closely related.te Microdontomerini (GrisselP95). The extinct gendfal eotorymus and
extantspecies offorymus were documented also from the Eocene-Oligocene boundary of
Florissant'shales in Colorado (Grissell 1976, 1995) and from Miocene compressitsnrios
Spain (Pé&alverandEngel 2006; Heraty and Darling, 2008)/hile Grissell (1995)

guestioned the inclusion of some fossil specidRabdotorymusin Torymidae, the species
described byeialver and Engel (20063 correctly placedHeraty and Darling2009).
Severahew amber fossils (mostly fromominican and Baltic amber) of undetermined
Toryminae have been recorded (Krogmann - pers. comm.). Surprisingly, thefadddst

which is, however, not unambigougiiacedwithin Toryminae (Krogmann anghnSta pers.
comm.),comes from Burmese amber (retaceous, latest Albian, ca. 100 Myr).
Historically, several families or subfamilies (i.e. Ormyridae, Agaonidae: Agaoninae and
SycophaginaeyPteromalidae: Epichrysomallinae) have been proposed to be sister t
Torymidaesensu/Grissell(1995) based either on intuitive analysis (Noyes, 1990) or on
convergences(Cruaud et al., 2010, 2011b), but without any morphological support. Bouc¢ek

(1988) mentioned that Ormyridae could be closely related to Torymidae based on shape of the
occipital carina. The same hypothesis was also proposed by Noyes (1990) in higintuitiv
cladogram that groups together Torymidae plus Ormyridae and Agaonidae plus Oragocerin
(Pteromalidae). Grissell (1995) added Pteromalidae, but not Ormyridae, asipstyy his
phylogenetic analysis of the Toryminae. Gibson et al. (1999) noted that relationships and the
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proper classification of Torymidae, Ormyridae and Agaonidae are one of the more perplexing
issues of chalcidoid classification. Because of variedselts, no sister group was proposed

for Torymidae as a result of the comprehensive phylogenetic analyses of Chalcidoidea using
molecular (Munro et al., 2011) or combined molecular and morphological data (Heahty et
2013). However, this latter anailgysepeatedly placed Torymidae in a clade with Ormyridae

and Colotrechninae (Pteromalidae).

The main aims of our study are to (i) test the monophyly of the family based on molecular
data using broad taxon sampling, (ii) propose the first phylogenetic hypothesis for Torymidae
based on molecular data, (iii) compare the phylogeny of Torymidae to previous
morphological results an@visethe current classificatioaccordingly (iv) test the

monophyly of most genera, (v) assess the biogeography of the fambtsrslies and tribes
and (vi) discuss the origin of variohsst speciahatiors.

Material and methods

Taxon sampling

A total of 235.ingroup taxa (about 70% of the known genera) were used for this study. The
chosen taxa represent thlegastigmidae and all tribes previously recognized in Torymidae
s.s. To test'the'monophyly of Torymidaensu Grissell (1995)we included in our analysis
species ofwao taxathatwerehypothesizeas closely related lineages to TorymidgeHeraty

et al.(2013) Ormyridae(Ormyrus spp. andOrmyrulus sp.) andColotrechninae
(PteromalidaeZeala walkerea) as well asSycophaginaeXgaonidae Sycophaga gigas,
Sycophaga sp.) ancEpichrysomallinae (Pteromalida®dontofroggatia spp.) that were
sometimedistorically included in the Torymidae (Boucek, 1988; Grissell, 1995; Gibsat

al., 1999. We also included EurytomidaByrytoma gigantea, Ficomila sp.),which are
considered phylogenetically asore distant taxHeratyet al, 2013). Thus, ¢otal of 12
outgroup.species belonging to four families were uSeatleS1).

Most specimens sampled were initally preserved in 70 or 96% EtOH, although ar@tsext
were madesfrom dry, camhounted specimen3 ébleS1). Specimen voucheasd extracts
are deposited.in the Center for Biology and Management of Populations, INRA, Mentife
sur-Lez, France (CBGP); Charles University, Faculty of Science, Depdrtrinéoology,
Prague, Czech Republi€UPQ; Department of Entomology, University of California,
Riversde, CA, USA (UCR); and the National Museum of Natural History, Smithsonian
Institution, Washington, DC, USA (USNMT &bleS1).
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Molecular methods

DNA extraction either followed a modified Chelex protocol (CP) (Walshl, 1991) or
isolation using the QiagddNeasw kit (QP) following the manufacturer’s protocol. If we
had moresthan-one specimen from a specific taxon and locality, we used desDilzive
extraction (D) to obtain a higher quantity of genomic DNA. We useddestructive DNA
extraction (N)forrare taxa or for taxa that belong to taxonomically difficult grotadse

S1).

Five loci were sequenced: two nuclear protein coding geneB2tb@py of elongation factor-
la (EF-1a,516 bp) and\ingless (Wg, 402bp; two ribosomal nuclear genes8SrDNA (V3-

V5 expansion region, ~809bp) an@8SrDNA (D2 andD3-D5 expansion regions, ~1555bp;

and mitochondriatytochrome c oxidase subunit | (barcode fragment andC1-J-2183 (Jerry) -
TL2-N-3014 (Pat):fragment, 1452bp). Primer sequences and amplification protocols followed
Cruaudet al (2010) forCOI (barcode fragmengndWg, Cruaudet al (20114 for EF-/q,
Munroet al, (2011) forl8SrDNA and28SrDNA, and Weiblen (2001) fa2OI (C1-J-2183
(Jerry) - TL2-N-3014 (Pat) fragment)

PCR products were either sent as non-purified products to Macrogen Inc. for panfered
sequencing; orpurified using the QIAquick PCR Purification Kit®, and then sequenced using
the BigDyeTerminator v3.1® kit (Applied Biosystems) and3aB80x| Genetic Analyzer at
Charles"University in Prague, an ABI3730XL sequencer at Genoscope, Evry, France, or
sequenced at the San Diego State University Microchemical Core Facility or the UCR
Genomics'Core Facility. All sequences are deposited in GenBélirkegions sequenced for

specific taxaand GenBank accession numbairs listed inTableS1.

Alignment

Contigs were assembled and subsequently edited using the software Geneiou§ Mevr§&on
(Kearseet aly#2012). All gene regions were aligned using MAFFT (Katoh and Standley,
2013) version=7:110 using thelES-i strategy for ribosomal genes andNLS-i strategy for
coding genes. Alignments of proteinding sequence&l-/a, Wg, COI) were translated into
amino aci@ using Geneious 7.1t@ detect stp-codons that may indicate pseudogenes or
misalignmentsPossible substitution saturation for egcbteincoding gene and nucleotid
composition, respectively, was checkesing DAMBE (Xig 2013). Wealsoplottedthe

number of transitiongl's) and transversiar{Tv) vsan F80 model of genetdistance.
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Phylogenetic analyses

Parsimony and probalistic methods were usedfér trees. Maximum parsimony anaggs

(MP) were conducted under TNT ver. 1.1 (Golokaifal, 2003, 2008, updated version of

June 18, 2015). Analyses were performed under New Technology methods using 1000
random addition'sequences (RAS), random sectorial search (RSS) (with asglapavery

40 changes in sectors of size below 75 and every 100 changes in sectors of size above 75; 60
drifting cyclesforselections of size above 75 and 30 starts for selections békine75),
treedrifting,of 100 cycles, and tree-fusing of 100 rounds. A final swapping of the most
parsimonious trees was performesing the bbreak option and the Tree Bisection
Reconnection (TBR) method. Characte&taswere considered unordered, equally weighted
and nonadditivejall substitutions were equally weighted. Gaps were treated as missing data.
Nodal supports'were calculated using 100 standard bootstrap replicates undeetbeasam
criteria except for the number of RAS, which was set to BO0Otstrap percentage (BP)

70% were regarded as strong nodal suppeisenstein and Kishind993. For both

Bayesian (BA) andnaximum likelihood (ML) analyse®artition Finder v1.1.{Lanfear et

al., 2012)was.used to calculatestfit partitioning schemes and nucleotide substitution
models of evalution for individual genes under BayesianAkaike Information Criterion

(BIC). ML analyses were implemented in RAXN3L1.24 using GTRCAT approximation

with 1000 bootstrap replicates (Stamatak¥)&). Bootstrap percentagdP) > 70% were
considered as strong nodal support. For Bayesian Analyses (BA), a parallel version of
MrBayes3.2.3(Huelsenbeclet al, 2001; Ronquist and Huelsenbeck, 2003) was used.
Parameter values for the partitioning strategy were initiated with default uniform priors and
branch lengths estimated using default exponential pritves heating parameter waet $0

0.02 in order to allow swap frequencies from 20 to 70% as recommended by the manual of
MrBayes We ran two independent runs of 30 million generations, sampling e@8§ Epr

the determination of burn-in, we examined the plot of overall model likelihood against
generationsnumber using Tracer v1.6 (Ramleqat, 2014) to find the convergence point
where the likelinood started to fluctuate around a constant value. The pointecanig to
convergence of the chains were then discardesterior probabilities (PP)0.95 were
considered as,strong support, PP < 0.90 as weak. All ML and BA analyses were conducted on
the CIPRES Science Gateway (Milkral, 2010).
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Philosophy of a new classification

A new classification of Torymidae was established based on our results and in combination
with morphological features (mostly published by Grissell, 1995). A major shifein
classification of Torymidae.s. was required to coincide with the revised family classification
of Megastigmidae, and our new phylogenetic hypothesis. The subfamiles of Torgmidae
that we propose herein meet both the criteria that they are demonstrably monophypleti
analyses, andthat'they can be characterized by morptedldgta.Our proposed subfamilies
and tribesare further supported by molecular, morphology, biogeography and lnakeyl/-

features.

Character mapping and ancestral state reconstruction

To infer biogeography history and evolutionlité-history stratgies of parasitoid larvae, we
conducted MP and ML ancestral state reconstruction using Mesquite 2.75 (Maddison and
Maddison, 2011). All reconstructiomgereperformed on the resulting RAXML (ML) tree. For
ML optimization, we used a stochastic Markov model of evolution (Mk1). The Likelihood
Decision Threshold was set to 2 loglikelihood units. We assembled a matrix (se&aijle
two charactersl) species ditributionand 2) host assotiation of parasitoid larvae, from our
own collecting'data or several literature sources (Hari@9?2; Grissell 1995; Gomezt al,
2008; Noyes, 2007 All character states are discrete and unordém@dspecies distribution
character we identified six states: (0) Oriental, (1) Afrotropical, (2) Australian, (@dralic,
(4) Neotropical, and (5) Nearctic region. Gentyatare distributedn more than one
biogeographical regiowererepresented in theataset by taxa/spes originated from all
known regions to covaheentirearea of he specific genus distribution.

We defined prasitoid larvae lifdhistory by the followingcharacter states: (0) parasitoids
feeding on larvae of gall-forming Cynipidae (Hymenoptera: Cydiga), (1) parasitoids
feeding onilarvae of gall-forming Cecidomyidae (Diptera), (2) parasitoidsigedi larvae of
gall-forming=Eurytomidae (Hymenoptera: Chalcidoidea), (3) parasitoidinigen larvae of
gall-forming-Tephritidae (Diptera), (4) parasds feeding on boring ayall-forming
Lepidopteray(5) parasitoids feeding on larvae or pupae of Tephritidae (Diptera) or
Curculionidae (Coleoptera) in flowerheads of Asteraceae, (6) parasitoids feeding on larvae of
Aculeate Hymenoptera in their negitsymenoptera: Aculeataf7) parasitoids feeding on
pupae of Lepidoptera or larvaefode-living Symphyta (Hymenopterd enthredinoidea)
[including facultative secondary parasitism of their primary parasitBigiéefra: Tachinidae,
Hymenoptera: Ichneumonoidetc.), (8) parasitoids feeding on eggs of Mantodea, (9)
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(endo)parasitoids feeding éteteroptera eggs, (10) figs associdpesasitoids on larvae of
gall-forming Cecidomyidae or Agaonidae (Chalcidoidea) in figs], (11) parasitadsfgon
larvae of Bruchidae (Coleoptera) or Eurytomidae (Chalcidoidea) in seedsanfdaa, (12)
phytophagous species feeding in plant ovaries/seeds or buds, (?) unknown host association.
Torymidae are biologically extremely diverse and include fundamentally ditfeost
associationsevenat thegenus level. In cases where we did not have enough biological
informationto'summarize host association (i.e. for spewsiesse hosts are unknownfor
thoseparasitoids we were not able to determine to species level), we gegetiabased on
genuslevel characteriste obtainedrom theliterature.Thus, for the few cases where species
were known to attack more than one taxon, they were scored as polymorphic, with only one
taxon (diomacromerus) scored for a maximum of three character states to represent the most
common host associations for that particular genus. Moreoviglicagdontomerus has
exceptionally broad host rangaisthespecies leveparasitic on various lifstages of
Lepidoptera, Tephritidae, Apoidea, Colesator Mantodea as well dg/perparasé of
Hymenoptera withirepidoptera and Coleoptera larvae), we assigte@d"?" to
undetermined.species Bficrodontomerus.
Furthermore, to.minimizéhe number of states for this character, we provided some complex
stateghatcontain unrelated host taxa (i.e. state 5, 7, 10 or 11). Howeviresdstatesare
defined as diserete traivith respect t@ specific parasitoid group (mostly genus level) or
niche where their hostge living and, in general, their complexity do not affestimaton of
the ancestrahost association. For exampdate 5 is used for some species of
Microdontomerus, Torymoides andZaglyptonotus (belongng to threedifferenttribes),which
are parasitoidsfdarvaeandpupae of Tephritidae (Diptera) or Curculionidae (Coleoptera) in
flowerheads of Asteraceae; state 7 reflduistassociation of someMonodontomerus or
Perissocentrus speciegboth Monodontomerini) which are known as parasit@is
hyperparasitols) of Lepidoptera and Symphyta pupatgte 11 is used for speciagposting
into pods oseeds of Fabaceae infected by larvae of Bruchidae (Coleopt@&ma)chophagus
(Hymenopteraix=Eurytomida@ndfor whichwe do not haveeliable observations dfie exact
host.
However, because several taxa are considered in our dataset as parasitoids of more than one
host, andecauséMesquite requireunique character statés ML analyse®f theancestral
state, we defined ‘&xtra” states: (C) 0&11, (D) 0&1&1, (E) 4&5, (F) 6&7, (G) 0&1, (H)
1&2, (J) 1&3, (K) 5&11. Then, for graphic visualization (pie plots in trees, Figs laysl, F
S5-S6) and host estimatioof the character states overetiree, weadded to the particular
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character state th@obability of theaforementioned “extra” states asveighted ratio (ratio
of extra state probability to sum of state probabilities which are parts of the extra state

multiplied by the particular character state probability).

Results

Alignment and phyl ogenetic analyses

A total of 4734"bp'was used for our analysi8SrDNA = 809bp,28SrDNA = 1555bp (722bp

+ 833bp),EF-/a =516,COI = 1452 (654bp + 798bp) atilg = 402. Under parsimony
analyses with gaps treated as missing, there 8@28 constant, 1709 variable and 1347
informative .characters. Alignment of protein coding genes revealed no stop codons or frame
shifts. For the/mitochondrial locu€QI) and nuclearllg andEF-/«), the third codon

position (nt3) showed a high bias in base composition (A+T 9280In C+G 72% in\Wg

and 60% irEF-/a) and high level ofransition (forCOI) and transition and transversion (for
Wg andEF-/a) saturation othe third codon position compadto the first and second

position (FIg.S2). To decrease the saturation leaeld base heterogenetfnt3 in all three
genes we decided to recode all adenine (A) and guanine (G) in nt3 nucleotide pasitions a
purines (R)and all cytosine (C) and thymine (T) @gimidines (Y) (Phillips and Penny

2003).

As suggested.biartition Fnder, thedatasetvas separat intosix partitions 18SrDNA (V3-

V5) (1) +28SrDNA (D2) (2) +28SrDNA (D3-D5) (3) + COI (barcode fragment andC1-J-

2183 (Jerry) - TL2-N-3014 (Pat)) (4) + EF-1a (5) + Wg (6). Models choosen for these
partitions for BA'wer&k80+I+G (for 1), SYM+I+G (for 2, 3) GTR+I+I (for 4) andSYM+G

(for 5, 6).

Maximum Likelihood (ML) andBayesian(BA) analyss yielded almossimilar topology

(Figs 1a-d'S3a-d).The parsimony analysis (MP) of the entirgpartitioneddataset resulted in
32 most parsimonious treesth a tree length 017,136steps(Cl =0.142, RI=0.581)The

strict consensus-tred all most parsimonious treespresented in FgfS4a-c(BP values> 50

at nodes) The:topology from MP analysis is slightly differeviten compaedto the ML and

BA topologes Deviations of topology under different phylogenetic approaches are discussed
below.

Monophyly of Torymidae sensu Grissell (1995)
In all ouranalyses, Torymidagensu Grissell(1995)(i.e. Megastigminae +

Toryminae=Megastigmidae + Torymidass. in our sense, for details see Discusyiwas
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never recovered as a monophyletic group. Instead, a monophyletic Torwsicheaes
recoveredhat wassister tomost included outgroups (excluding Eurytomidae for ML and BA
and Eurytomidae and Sycophaginae for MRJlegastigmida¢node support ML/BA/MP
92/1.00/-)(Figsla-d,S3a-d,S4a-<).

Phylogeny of Megastigmidae

Megastigmidaavererecoverecasmonophyletic (100/1/99)clade 1 Figs 1aS3, S4a) and
with the exception oBootanomyia (part 1 angart2) all included genera were monophyletic,
mostly with_high or very high support ©7/0.98/92) Mal ostigmus, Megastigmus and
Neomegastigmus hadlower support in ML and BA analyses and very low or non®IP
analysesThe relationships among genera across all analyses were diffdteand BA

(Figs 1a, S3panalyses recoverdgbotanomyia part 1 Bootanomyia dorsalis andB.
stigmatizans) as sister t@all otherMegastigmnae(with support only in BA - 0.99hile MP
analysig(Fig. S4a) recoveredParamegastigmus as sister to the rest bfegastigmidagwith

no bootstrap support).

Phylogeny of Torymidae s.s.

Nodal supportfor a monophylefiorymidaes.s. (= Toryminaesensu Grissell, 1995wvas
high in all analyses (98/92). All analyses recovered a monophyléff@umatorymus +
(Chalcimerus+ Exopristoides) (Chalcimerinagdade 2 Figs 1b,S3b) with high support
(100/1/100) This clade was recoveraster to all otheiforymidaes.s. (90/1/93).In ML and
BA analysesTorymoidini + Toryminisensu Grissell (1995)Toryminae, clades 3:55/1/-,
Figs1b, S3) wererecovered sister tall otherTorymidae(Microdontomerinae,
Monodontomeriae Podagrioniag andrest ofgenera treated by morphologyiasertae
sedis with respect to tribal classification in Toryminsemsu Grissell, 1995)clades 611,
73/1/-, Figs 1c-dS$3c-d). MP analysisecovered different topology (support <5@yith
Torymoidini==Toryminisensu Grissell (1995) nested withifiorymidae (Fig. S4b).
Torymoidinisensu Grissell (1995)was paraphyletic in all analysesades 3 and 4Figs 1b,
S, S4b), with Boucekinus + (Platykula + one undescribed genus from Chi(elade3)
(99/1/8() sister.to a monophyleti67/0.98/-) groupcontaining allother Torymoidini (kade4)
(74/1/) + Torymini(clade5) (100'1/91). Torymoidini (clade 4) is monophyletic and the sister
group of Torymini in bottML and BA (Fig 1a, S3panalyss, with HolarcticPseudotorymus
(subclade 4a) (i.eexcluding French Guiand. Pseudotorymus - PJAN1056 (99/1/98) sister
to a strongly supported clade (90/1/-) includirggymoides (subclade 4b) and sclade4c,
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which consist®f a Neotropicalspecies otf. Pseudotorymus (PJAN1056)and species
included inAmeromicrus, Didactyliocerus andSenegalella that previously were classified in
Pseudotorymus or Torymoides (seefurtherbelow). Torymoidini (dade4) wasparaphyletic in
theMP analysigFig. bS4b) with Holarctic Pseudotorymus (subclade 4agister to Torymini
(clade5, support <5

The tribe Torymini ¢lade5, Figs 1h S3b, S4b) was recovered anonophyletic in all analyses
(100/1/91)'but'withdifferent ingroupopologes The genuJorymus was polyphyletic and
divided inte two major and few minorclades. In all analysesjostNew World species of
Torymus and allNew Worldspecies oPhysothorax as well aghe subgenubllannocerus of
Torymus were clusterethto a poorly supportedlade (subclade 5&1/0.72/-). The second
major clade’(subcladsb) included most Old World speciasda few Nearctic species
(88/1/58)of Torymus. The position of species belonging to the gebisnorus, as well aghe
genuskEcdamua and one species dbrymus sp. from Chilg wereunstable and recovered in
multiple positions in the different reconstructegologies.

In ML and'BA analyses, the remaining Torymidase (73/1.00/) weresubdivided into two
cladeqFigs.lc-djS3c-d). A poorly supported clade (48/0.76fcludedseveral species of
Glyphomerus (clade6) + Microdontomerime (clade 7) and a well supported clade (7)/1/-
grouping all"Moenodontomerae(clade8), Propalachia spp. (clad®), Palachia spp.(clade
10) and Podagrionir{cladell). MP analysig¢Figs S4a-c) resulted in different topologs
with Microdontomerina@alwayssister toGlyphomerinae+ (Toryminae+
(Monodontomerinae + Podagrioa). In MP analysis, botstrapvalues supportinthese
lineages were alwayss0.

Glyphomerus was alwaysecoveredasparaphyleticThree species dblyphomerus (including
the type specie$. stigma from Europeand two undescribed species from Canaplauped
in a strongly supported clade (clade 6) (100/1/1@8)le threeother species dblyphomerus
(subclade 7a) formed a waupported clade that wassted within all species of
Microdontemerinadsulclade &) (100/1/99). The position alade 6 variedn thedifferent
analysesClade:6 wasecovered sister to triddicrodontomerinaéclade 7) §omeML andall
BA analysis<50/0.76/; Figs 1c, S3c)sisterto (Monodontomerinaélade 83+ (Propalachia
spp. (clad®)=,(Palachiini(clade10) + Podagrionin{cladell))) (some ML analyses50/-/-
) or sister to (Torymoidini (cladé) + Torymini (clades)) + (Monodontomerinaéclade 8) +
(Propalachia spp. (clade p+ (Palachiini (cladd.0) + Podagrionini (clad&l))) (in MP
analysis, -/-/<50, FigS4b-c).
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Within Microdontomerinaeglade 7 100/1.00/99)all of thegenera were monophyletiand
strongly supportedith the exception dEridontomerus, |diomacromerus andPseuderimerus.
Eridontomerus was rendered paraphyletic the type species @itropinotus, D.

aureoviridis, wherea$seuderimerus was rendered paraphyletic Byimerus, and
Idiomacremeruswas pdyphyletic in all analyses (Figkc, S, S4a). Several genera
previously/classified ascertae sedis relative to tribal placementere placed in our clade 7
with high support,"namel@ryptopristus, Echthrodape, Exopristus, andGlyphomerusin part.
Echthrodape was recovered as sister to the rest of Microdontomerinae
Monodontomertiae(clade 8weremonophyletic (91/1.00/83) and includ&dglyptonotus
(unplaced to tribe bgrissell 1995). Monodontomeraeweresubdivided into three
sulxlades imllfanalysesZdenekius (subcladeBa) was recovered sister to all other
Monodontomerinae (67/-/53), and all other Monodontomenveresubdivided intcsubclade
8b (predominantly Old Worlépecies, 100/1/99) and subcladg8ew World species,
88/1/73) with strong support valuddonodontomerus (51/0.99/) was rendered paraphyletic
by Rhynchoticida maai in all analysegFigs1d, S3d, S4c). Although the support for this
topology was.alwaybw (<50 in all analysis), it is necessary to tesstirelationshig in
future studiesising broader taxon sampling and more markers.

In all analysesPropal achia spp.,Palachia spp. Palachiinisensu Grissel| 1995), and
Podagrionini fermed enonophyletic clade (74/0.98/within Torymidaes.s. Propalachia spp.
(clade9) was sister (98/1.09/to Palachia spp.(cladel0) + Podagrionini (cladé&l) (Figs1d,
S3d, S4c).

Podagrionin{cladell) was always recovereasmonophyletic (73/1.00/75as well agnost
of the Podagrionini gener&ropachytomoides (79/0.96/64)Palmon (100/1.00/97),
Mantiphaga (100/1.00/100)Podagriomicron (85/0.98/68) andPodagrion (99/1.00/83).
Podagrionella was polyphyletic in all analyse$he support values of the backbone of
Podagrioninwere alwaysow and topologies variegicross analyses.

Character mapping

Biogeographical history

While the biegeographical origin of Torynaids.s.and thosef most tribes remained
equivocal using parsimony reconstruction, tbenmon ancestor of Megastigitae was
shown to have an Australasian origin (F&a). Similarly, maximum likelihoodavored an
Australianovera Palaearctiorigin of the Megastigmile (proportional likelihoods of 0.79
and 0.19, respectively). The mostdik ancestral area diorymidaes.s. was the Palaearctic
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region (proportional likelihood of 0.90). Within Torynaiés.s., only the ancestral areaf
Chalcimerinae, clade B¢ucekinus, Platykula andone undescribed genus from Chile), and
clade 9+(10+11)Rropalachia spp.,Palachia spp. and Podagrioninyereidentified usinga
maximum parsimony approach. These areas were the Palaearctic for Chalcimerinae
(proportienallikelihoods of Palaearctic origh@s0.96), the Neotropgfor clade 3
(proportional litelihoods of Neotropical origiwas0.8 over 0.15 for Palaearctic origin), and
the Afrotropi@lregion for clade 9+(10+11) (proportional likelihoods of Afrotropical origin
was0.67 over 0.23 for Palaearctic origin) (see FigS3andTableS?2).

Parasitoid larvaelife-history

Both ML (proportional likelihood of 0.97) and M&halysesuggestdthat the ancestral
biology of Terymidhes.s. was ectoparasitism on larvae of glaltming Cynipidae (see Fsgl,
S6). Thiswas also the cager the common ancestor Ghalcimerinagof clade 6
(Glyphomerus) and ofMicrodontomerinagproportional likelihood of 0.99, 0.99 and 0.89
respectively). ThéMP ancestral biology oflades3, 4 and Svas ectoparasitism on larvae of
gall-forming.Cecidomyidae (Diptera). However, ML an#@yestimate states 0, 1 and 11 as
almost equiprobable for clades 4+5 (proportional likelihood of 0.34, 0.33 and 0.30
respectively)states 1 and 11 for clade 4 (proportional likelihood of 0.5, and 0.48
respective}), andit highly favored stateO for clade5 (proportional likelihood of 0.90Y he
ancestral biology dPalachia spp. and Podagrionimias estimated to be parasitism of

Mantodea eggs using loMP and ML approaches (segsl, S6andTableS3).

Discussion

The monophyly of Torymidagensu Grissell (1995)i.e. Megastigminae + Toryminagjas

not supported by our analyses, whadntradictanost previous studies based on morphology
(e.g.,Boucek, 1988; Grissell, 995; Heratyet al, 2013, but see Campbedit al (2000) and
Munro et al=(2021).Grissell (1995) discussed all charactemsviously used for the definition
of Torymidae-and pointed out that Torymidae could be defined by the concopnéaahce

in femalesof-@n occipital caringchaacterl in Grissell (1995) datagetan exserted cens
(char. 23), dlap-like and articulated metasomal tergiteMk §) separated from Mt(char 24),
the construction of Mtand position of theeras (part of char. 23 in Grissell (1995) dataset),
and a hypostomal bridgeonstituted bythe fusion of the hypostomal carina ventrathe
occipital foramer(not used in Grissell (1998ataset)However,as Grissell (1995) stated

because of character variability within the famthere is nainique synapomorphy ttefine
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Torymidae. Furthermoréhese characters are homofpilaand are partly found iseveral
other Chalcidoidea lineages.

Using a combination of moleardand morpholoigal evidenceHeraty et al(2013) recovered
Torymidaeasmonophyetic. The authorspecifiedthe following charactertatesasputative
synapomerphies of Torymidasulciextending from tentorial pits (48), mesepimerowith
posterior margininotched (110: 1), fore wingh basal lobe present (141), fore wing with
Rsabsent (1593),"basitarsus with ordinary setdé6: 2),Mtg. o articulating (2110,
character 24 in Grissell (1995); also define Agaonidae), cercus arisingneombranouarea
(217 1, character 23 in Grissell (1995); also define Agaonidaeyalwvifers without
sclerotized bridgbetween them (2240). However these hypothesized charactzte
polaritieswerefestablished using the most parsimonious explanation of character
transformation based on position of Torymidae with respect to othleiddid taxa in some
cases (for example charactelt andL10) theyare likelysymplesiomorphiesatherthan
synapomorphies. No unique characte defineJorymidaesasmostoccur, at least partly,
in otherChalcidoidedamilies In Heratyet al (2013),0rmyridae andColotrechnus
(Pteromalidae:.Colotrechnina®ymed thesistergroupof amonophyletic Torymidae,
howeverwith poar support valueghis relationship isnorphologicallycorroborated by the
presence of‘aulcusextending from the posterior tentorial pfs: 1 in Heratyet al, 2013),
the broadmetanotal scutellar arfi24: 0) andthe presence of a setal line defining thbital
vein (144 3, reversed i©rmyrulus andEchthrodape).

In our ML and BA analyses, Megastigae isnestedwithin acladethat alsancludes
Ormyridae some Pteromalida€plotrechninaeZeala walkerae and Epichrysomathae
Odontofroggatia Spp) and Agaonida€MP resultsin similar topologybut Agaonidaere
excluded from the cladeflowever using thecharacters of Heratgt al (2013), therare
again no synapomorphies defining this cléelecept Agaonidae + Megastigiae in ML and
BA analysis- characters 2110, 217: 1). Based on our analysegddstigmilae always
appear meeclosdy relaedto Ormyridae, Pteromalidagolotrechninae and
Epichrysomalinae)and possiblyalso toAgaonidaethan to Torymilae This result is
supported.byraanalysisof the morphology of thiast larval insta(Gomezet al, 2008),
which failed'to,recovea monophyletic Torymidaeensu Grissell (1995and suggested
insteadthatMegastigmnaeandToryminae were not relatedn their study, the authors
showed that larvae dflegastigminae havebarebody segments (bare or only with very short
setae), mandibles with four or five teethd labrum divided inteeverakmall lobesin
contrastjarvae ofToryminaehave hairy body segments, mandibles with a single tooth and an
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undividedlabrum (@mez et al, 2008 NievesAldrey et al., 2008 Gémez et al. (2008) also
suggested thatoryminae and Eupelmidae (usikgpel mus only) could beclosely related.
All other included taxaRteromalidae, Eulophidae, Ormyridae and Megastigehitiffered
from Torymnae + Eupelmidae by having very short setae or no sethe abdominal
segmentsiHowever,as Gémez et al. (2008) stated, Megastig®iOrmyridae and
Eurytomidae do not appetr beclosely relatedas they differ sigificantly in severabther
morphological‘characters of the larva.

We proposénereto elevateToryminae and Megastigminase(su Grissell 1995)to family
rank (namely Torymidass. and Megastigmidae)Vithin Torymidaes.s., we also recognize
six subfamilies namely Monodontomerinae, Toryminae, Podagrioninae @athrev.), and
ChalcimerimagGlyphomerinae, Microdontomerinaall(subf. nov.), andthetribes Palachiini,

Torymoidini{bothsensu nov.), and Boucekinini an&ropalachiinibothtrib. nov.).

Megastigmidae stat. rev.

Diagnosis. Excludindive morphological features (symplesiomorphies) shared with
Torymidae, Megastigmidae are defireslfollows: body yellow with dark partegs
frequentlywith metallic color);clypeuseitherbilobed,deepy incisedmedially, or margin
produced asabroad angle or median toehgdhrand dorsal part of mesosowith only a

few, usually dark and symmetricalijstributed longsetae; ppnotum dorsally elongate,
usually almost akbng as mid lobe of mesoscutum; marginal vein often shorter than
postmarginal veinstigmal vein always developed, branching off most commordynabst
right angle"with marginal veirgnd accentuated by knobbed stigma stiggmausually higher
than wide, with height subequal to or greater than height of costésm®ak speciewith

only moderate size stigma, but thesi¢h considerably long stigmal veirgigma often
surrounded by infuscated aréasal setal line usually well pigmented, in some genera
developedinto basal vethatposteriorlyis curved outwards; hind coxalatively short, not
more thanitweortimes length of mid cofoucek, 1988; Grissell, 1995, 1997).

Although Megastigmide aradistributed worldwide, most of their diversity (9 of 12 genera)
has been reported from the Australian region (Boucek, 1988). However, the diversity in other
regions, especially on angiosperm plants, appears to be underestimated (Roques et al. 2016)
and many species remdambe described. Ehy species angarasitoids of variouglant
gallers, whereasthess arephytophagousféedng on seeds or agall makerse.g.Bortesia)
(Boucek, 1988). Severabhytophagous species of Megastigaedare considered as serious
pests (Roques et al. 2010, Auger-Rozenberg & Roques 2012).
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DiscussionThemonophyly of Megastigmidaés Megastigminad)as never ben questioned
(Boucek, 1988;Grissell 1995). However, nphylogenetic classification of Megastigiae
has been proposed and our analysis is thetdiisicludea significant number of genelia. all
of our analyse#legastigmidae isnonophyletic with very high support though the
relationships-betweehe genera remain unresolvedL analyss favours arancestral feeding
strategyphytophagy Bootanomyia dorsalis andB. stigmatizans), and zoophagy appears to
have originated at'least twiagedependentlyn the gener&ootanomyia part 1and
Neomegastigmus. Our analyses also highlight that the phytophadéegastigmus is the last
lineage to diverge.

In our analyseghe metallicPakearcticspecies oBootanomyia (Bootanomyia part 1,that are
zoophagous anderehistorically included withilMegastigmus) do not groupwith the
Australian species of thgeenus Bootanomyia part 2) Figs 1a S3a) as advocated bpoganlar
(2011a) and should be excluded from that genus. Indeed, in additiomtetddéc coloration
of adults, the larvaef Bootanomyia havea medial piton the frongAskew, 1966)thatis not
presenin phytophagou#egastigmus (NievesAldrey et al, 2008). However, thiarvae of
species belonging Bootanomyia part 2are unknown and suppddr these twagroupsis

high only in,BA analysisUntil the adult morphology is more thoroughly studied, we do not

yetwant to'assigmootanomyia part 1 to anew genus.

Torymidae stat. rev.

Diagnosis, Torymidae are defined by having: body of most taxa with metallic coloration,
rarely onlyyellow;clypeus not bilobed (in marginal @sswith deep emarginatiamly);

setation of head and dorsal part of mesosoma irregular, not symmetricallyutistyioften
dense and adjacent; pronotum dorsally usually not elongate, transverse, notice&daly shor
than mid lobe of mesoscutum; marginal vein usually obviously longer than, rarely subequal i
length topastmarginal vein, stigmal vein bramat off at an acute angléusually about 45°)

with marginalwveinand stigma subquadrate or wider than high, its height less than height of
costal cellzhind/coxalongated, at least alk®.5 times length of mid cox@oucek, 1988;
Grissell, 1995,1997).

Biology anddistribution isliscussedn detail within specific tribes.

Discussion. The monophyly of Torynaids.s. (as Toryminae) has been demonstrated by
several studies based on batblecular and morphological characters (Gris4€Db5;

Campbellet al, 2000; Munrcet al, 2011; Heratyet al, 2013) and is corroborated by our
results. However, no unique synapomorphy defines the clade, and the griospeasddefined
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by a combinatiorf five charactesgtatesshared in paby other chalcid familigancluding
Megastigmida€Boucek, 1988; Grissell 1995).0ur analyses alstorroborate the monophyly
of nearly all tribesnorphologically defined by Grissell (1995). However, thlationships
between the tribediffer from those proposed by Grissell (199bigs 1b-d,S1, S®-d, S4).

Chalcimerinae subf. nov.

Diagnosis.“Milar'space longnore than 0.5 times height of eygtennal @va without
micropilosity areapccipital carina dorsally arched, neapessteriorocelli than occipital
foramen, lateral marginsot nearly reaching upper half of hypostomal canwsterior
tentorialsulci elongate; marginal vein as long as postmarginal vein (except in
Thaumatorymus)'and 2 times longer thatigmad vein; metasomal terga not emarginate.

All three genera have similar distributions (restricted to the West Palaearctic region) and share
similar biologies)(parasitoids of Aylacini gallwasps, Cynipidae).
DiscussionChalcimeinae(subf. nov.) (clade2) is sister to all othesubfamiliesof
Torymidae..This clade includeghalcimerus and two generthat were previously unclassified
to tribe Exopristoides andThaumatorymus. Chalcimerus was formerly treated as
Chalcimerini §ensu Boucek, 1978) and the sister groupf Podagrionini (Grissell, 1995). This
relationshipyvas supported by several putative morphological synapomorphies (enlarged hind
leg with toothed femora and curved tibia bearing only one apical tibial spur). Howeassr, t
features appear to be homoplastic across Chalcidoidea (Heraty2€x18)), and consequently
the hypothesis of synapomorphy and proposed relationship between Podagrionini and
Chalcimerustslikely based on convergence. Our inclusion of the three genera in
Chalcimernaeis mostly based on our molecular resuétsrroborate@lsowith some
morphological charactetates(see above) suggestititgir close relationship and enabling a
differential'diagnosis of the tribelowever,some ofdiagnostic states defined by Grissell
(1995, p..141) cannot be assumed for Chalciraetecause¢hey characterize only
Chalcimerus=Synapomorpies of Chalcimerinaarenow considered only to shape othe

occipital carinasangosterior tentoriasulci.

Toryminae stat..rev.

DiagnosisOccipital carina presendprsally archedgloserto posteriorocelli than to occipital
foramen and witlits ventrdateral edges extending at lebstowventral margin obccipital
foramen, oftemeaching ammaginary linedrawn horizontally across dorsum of hypostpma
metepisternumwith anterior edge of propodeal foramenatedabout midway between
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anterior and posterior margins of hind-coxal foramen, mg&temial area transversely
narrowed to strip half as Igras diameter of propodeal foramen, without metepnal shelf
marginal vein most often relatively long, most often 3 to 7 times length of postmarginal
and at least 6 times length of stigmain, lattersessile or subsessileind femur usually
simple, though=sometimasmgulate owith single or double teeth; hind tibia usually straight,
at most slightly curved (in sonigiomorus), apex truncate (margins at right angle), and with 2
spurs at ventral corner; Mhot emarginatéaterally, usually dorsomedially emargite
Discussion. Members of clades 3, 4 and 5 (Torymishajeonly one hypothesized
synapomorphy, th€orymus-like wing venation as defined abo{@rissell 1995, Fig. 42 -
character 8, state Tgryansteet al, 2011).0Othercharactetatesmentioned above are
present rapndomly in other tribes. Torymoidsansu Grissell(1995)is subdivided into two

clades Boucekinini(clade 3 and Torymoidini (clade 4). THatter is sisteto Torymini.

Boucekinini trib. nov.

DiagnosisMetepimeron lateral panel of mefdeuron)with anterior margin straight;
marginal vein.very long, about 4.5t&es as long as postmarginal vaimd 1116 times as
long as stigmal veirstigmd vein sessil€Grissell, 1995; Jansta et al., 2011).
Boucekinini‘comprises only New World membeBsycekinus, one undescribed genus from
Chile,andPlatykula. The bology is only known foBoucekinus, which is parasitial of gal-
forming ‘Cecidomyidae (JanSta et al. 2011).

Discussion. Excegdor character stagementioned above, thenas been nmorphological
characterization of taxa in this tribe until nos previously noticed (Jansta et al., 2011),
based on wing venatiddoucekinus appears to be morphologically similar Rbatykula.
However, based on our analyses we propose a new Bdoedkinini trib. nov.) to include

all speciesiin clade 3.

Torymoidinisensu nov.

Diagnosis =Metpimeon with anterior margin straight;arginal vein very long, but at most
3.5-8 timessqas long as postmarginal vein &nidnes as long as stigmal vegtigmal vein at
least short subsessileind femur simple or with subapical angle ventrgBrissell, 1995).
Members of this tribe are didtted throughout the world with most speciethim
Pakearctic and Australian regisnTorymoidini are mostlparasitoids of larvae of gall

forming Cecidomyiidae, Cynipidae and Tephritidae in various plant families, or patasit
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feeding on larvae of Bahidae (Coleoptera) or Eurytomidae (Chalcidoidea) in seeds of
FabaceaéGrissell, 1995)

Discussion. In our analyses, Torymoididiade4) is restricted tdorymoides and
Pseudotorymus. The generaAmeromicrus, Didactyliocerus andSenegalella, that we
recognizerhereyere previously synonymized undesrymoides andPseudotorymus. The
Palaearctic species Beudotorymus (subclade 4a) isister to the rest aforymoidini.
Subclade 4b'includes only speciedofymoides. The gecies from Australia and New
Zealandarethesistergroup to théPabearctic Torymoides kiesenwetteri) and African species
within this clade Subclade 4c constitutelse rest offorymoidini. This cladecontainsseveral
lineageghat previously had been synonymized under eitbeymoides or Pseudotorymus
(Figs 1b,S3v),and one undescribed geneé Pseudotorymus) from French Guianal he

latter is morphologically similar to oth@seudotorymus species (subclade 4amd part of
subclade 4¢ i.e. Senegalella), but molecularlyseparatedWe could not find any evident
morphological character that wouddferentiate these twtaxa

Torymoidesyiolaceus was described iAmeromicrus (Nikol'skaya and Kjaol1954)but was
transferred.tdorymoides by Grissell (1995)Ameromicrus has marginal vein shorter (only
about 6 times stigmal vein length vs 8 times) tharymoides (subclade 4b) and Grissell
(1995) did'noet'considehat itshouldwarrant generic statu$orymoides dispar was described
in Didactyliocerus (Masi, 1916) andvaslater synonymized by Boucek (1988). Boucek

(1988) didnotconsiderthat absence @ mesepimeral dividing groove in femalgsit presen
in males) oD. dispar was enouglio separate thawo different genera. Howevdygcause
these two species stand far away fralhother species belonging to clade 4b (contains only
Torymoides), andfurthermorehave some morphological differences, we propose to restore
the two generic names (iA&meromicrus violaceus andDidactyliocerus dispar stat. rev.).
Risbec (1951) described tAdrotropical genusSenegalella, whichdiffers from

Pseudotorymus only by the absence of setae on the dorsal surfaite dfind coxa in
combination=withe hind femurlackingatooth. Grissell (1995) discovered undescribed
species ofenegalella in the Oriental region, northern Africa and southern Europe, and based
on these distribution records synonymi&edegalella with Pseudotorymus. The crown group
of sulxlade 4anas comprisednly of Afrotropical species oPseudotorymus with bare hind
coxae, and this group wagonglysupported in almost all atyses. Therefore&enegalella
(with bare hind coxa dorsally and unmodified hind femur lacking a Y@mpears to be a

valid genus, sister tDidactyliocerus dispar, and should be restorédtat. rev.).

This article is protected by copyright. All rights reserved



Torymini sensu Grissell(1995)

Diagnosis. The diagnosis, distribution and biology of Torymitiéssame astated in

Grissell (1995, p. 98).

Discussion. Torymini (clade Fjgs1b, S3) is well supported in our analyses and is
corroborated=merphologically by members havimgtepimeron with anterior margsmuate
(Grissell 1976, p. 105, fig. 1cited as “sinuate metapleural margirtfiowever, relationships
within Torymini-are“still unresokd. Torymus forms a polyphyleticassemblagwith different
topologesacross all analys. Sublades 5ec are the only cladesonsigantly recovered and
relatively wellsupported in all analyses (support of 5a and 5b in MP analgses> 50).
Subclade 5a includesome New World species dbrymus (including the subgears
Nannocerussensu Boucek, 1993) andPhysothorax. The hology of almost allTorymus
speciedelonging to this clade is unknown, howespecies oPhysothorax andTorymus
(Nannocerus) arerassociated with figBoucek (1993) reportedhysothorax bidentulus as
parasiticon larvae of gall-forming Cecidomyiidag@thin Ficus syconia. From ouresults we
infer that most species &hysothorax andTorymus (Nannocerus) develop as parasitoias
Cecidomyiidae.opther galiforming fig wasps Moreover, hese species are only known from
the neotropics.(with a few species reaching FloridaPi.bidentulus). The morphological
differences betweeRhysothorax andTorymus (Nannocerus) are 1) thenumber of ventral
teeth on the hind femypne inT. (Nannocerus) and two orsometimes more than two in
Physothorax), and 2)the presence afinged males ifPhysothorax versusapterousnalesin

T. (Nannocerus) (Ashmead 1904;Boucek, 1993). Torymini is the only known group of
Torymidae containing species with apterous males. Apterism probably evolved as an answer
to the assaciation with figs as previously observezkirerabother fig wasps (Cruauet al,
2010, 2011b; Segat al, 2012). Based on such evidence (high bootstrap support in all
analyses and clear morphological and biological traits), we propodeataicerus should

be ranledas a genugstat. rev.) as originally established by Mayr (188%ther tharas a
subgenus eforymus.

Subclade 5Shrineludes part of the formerly recognized gbmrsorus, whichhas been
repeaedly synonymized undeforymus (Graham and Gijswitl998 Zerovaet al, 200Q
Zavada, 2003and resurrected to genus level (Zerova e28I03). Within this clade, larvae of
Diomorus armatus andD. cupreus are ectoparasitic on larvae of aculeate wasps, a biology
also shared witkcdamua species (Graham and Gijswit998; Zerova et al., 2003) abd

orientalis (pers. observ.). However, tpesition ofEcdamua andD. orientalis varies across
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our analyses and there is no evidence to suggest this strategy evolved only once in ;Torymini
thus renderindpiomorus aparaphyletic genus.

Subclade 5cosists of anajority of the Torymus speciesncluded in ouranalysesplus

Torymus splendens comb. n. Torymus splendens, the type species @fllotorymus, differs

from other species oforymus by its elongate pronotum and a strongly clavate flagellum, but
othercharacter statemre shared with species from tharymus laetus speciesgroup (Grissell,
1976;Granham and Gijswjtl998; Zavada, 2003). Therefore, we propose symgrof
Allotorymus underTorymus (syn. nov.).

Our sampling of Torymini is not representative of the overall diversity of the gonly five

of theten genera), therefore i@ notmakeother taxonomic changes until the relationships
are confirmed/by an analysis including more genera.

Toryminae(clades %) is sister taGlyphomerinaedlade 6) + Microdontomerinae (cladg 7
and Monodontomerinaeléde § + Podagrioninaedfade 9 Propalachiini + (clade 10
(Palachiin) + clade 11Rodagrionin)).

Glyphomerinae subf. nov.

Diagnosis Occipital caringpresent and archatbrsallyalong entire lengtlsituatedmidway
betweerthe posterior ocelli and dorsal margin of occipital foranteteral edges of occipital
carina at level.of occipital foramesifuated midway betwegosterior tentoriasulci and
posterior margin of eye/entrally occipitalcarinaalmost reaching hypostomal carina above
base of maxillolabial complexnarginal vein about as long as postmarginal veintamck as
long asstigmd vein; metasomal terga not emarginate.

Glyphomerinae have a Holarctic distribution with many species undescribed\Nedhetic
region. Where knowrall are parasitoids of galbrming Cynipidae oriRosa spp.(Grissell,
1995).

Discussion. Therposition of clade 6 (parGbyphomerus speciesFigs 1c, S, S4h variesin
our analysessand support valaesalways low. Based otihe study ofG. stigma, Grissell
(1995) includedslyphomerus asincertae sedis within Toryminae and placed it in a basal
multifurcatien. He found no morphological support to allocaighomerus to any of the
torymid tribes and defined the genus on a combination of several plesiomorphic characte
states In ouranalysesGlyphomerus appearpolyphyletic. WhileGlyphomerus stigma, the
type species dblyphomerus, and two other undescribed species from Canadaanges of
clade 6 G. aylax andG. tibialis are part of clade (Microdontomerini) Glyphomerus stigma
and two species not included in our analy§&garinatus andG. montanus, as well agwo

This article is protected by copyright. All rights reserved



undescribed Canadian specigister from all otherGlyphomerus speciegincluding G. aylax
andG. tibialis) by amoreexpandedaccipital carinaand longmalar spacep to 0.33 length of
aneye(Stojanova, 2005Both groups contain species associatét gall wasps orRosa
spp., busome species dlfie last grouglevelopalsoon larvae ofAylacini (Cynipidae)gall
wasps onsherbs/(Noye2017). Consequently we propose limititigjyphomerus to those
species irclade 6and recognizéhis cladeas thesubfamily Glyphomerinaesbf. nov.). This
clade does net link"'within any other subfamilies of Torymislaeas they are defined herein
and is itself well supported. The species previously classifi€iiyshomerus and now
excluded from the gendsrm a dadewithin the new subfamily Microdontomerinae

(subclade 7a, see belaw)

Microdontomerinae subf. nov.

Diagnosis. Occipital carina absemaguely indicated or, if present, with ventrolateral edges
not extending below imaginary line drawn horizontally across ventral margin gitatci
foramen, and doadly nearer tgposteriorocelli than occipital foramen; etepisternum with
anterior edg®f propodeal foramen placed about midway between anterior and posterior
margins of hind-coxal foramemetpisternal area transversely narrowed to strip half as long
as diameterof'propodeal foramen, without metiepnal shelf; marginal veih5 to 2.8 tines
length of postmarginal vein and 2-4.5 times length of stigmal tamal femur simple, serrate,
enlarged or toothednetasomal terga not emarginateMir,.; dorsomedially deeply
emarginate.

Microdontomerini hava mostly Holarctic distribution witla few exceptions reachingto

the Afrotropical, Neotropical, Oriental and Australian regioBshthrodape, Eridontomerus,
Erimerus, Idiomacromerus, Microdontomerus). Themembers of this tribexhibitdiverse
biologies. They mostly parasitize gall-forming Cynipidae, Eurytomidae (Hymenoptsita)
Tephritidae (Diptera) Their larvae can also be ectoparasiticlarvaeof Eurytomidae in seeds
of Fabaceaediomacromerus), of aculeate Hymenopter&dahthrodape, Microdontomerus),

or, in otherMieredontomerus species, are parasitoids of various life stages of Lepidoptera
(including.eggs), eggs of beetlesd Mantodea egg&(issell, 1995Jansta et al. 2016
DiscussionWeclassifythe monophyletic clade (Figs 1¢,S3t, S4a) asthe
Microdontomerinadsubf. nov.). Echthrodape was not included in previous phylogenetic
analyses and wast placedo tribeby Grissell (1995). Indeedchthrodape is
morphologicallyoutstanding within Torymidaand isectoparasitic opupaeof different
Braunsapis speciegApidae: Allodapini) (Grisse]l2007).In our analyseschthrodape is
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sister to all other Microdontomerirtror the time being we considire genuss part of
Microdontomerimebecause they share several character statie®ther members of this
subfamily. Theother nodes in clade 7 withokthtrodape have generally lower support and
we cannot be sure thBthtrodape is really sister taxa ttherest of clade 7 amight be
included=Thissis confirmed also by shape ofdheipital carina, which isimilarto that of
Exopristus or Cryptopristus, and the same organizationtbé meepisternum as is known for
the rest of ‘Microdontomerae Moreover, Microdontomeraeare biologically diverse and
bee parasitism is knowat least also withiMicrodontomerus. As stated above,
Microdontomerimealso includes some genef@ryptopristus andExopristus) previously not
assigned to.tribby Grissell (1995as well assome species currently classified in
Glyphomerus. The relationshipsf Glyphomeruss. |. arediscussed abové&rissell (1995)
consideredCryptopristus andExopristus to berelaedto Monodontomerinaer a clade
consisting ofChalcimerinae, PalachiimindPodagrionini because they share the same
modification of the hind femora; howevas statedlzove,this character is homoplastic.
Following Echthrodape, Exopristusis sister taall otherMicrodontomerime Cryptopristusis
sister to the.gendslarnotorymus. Both genera havihe hind margin of the metasomal tergites
distinctly emarginateMicrodontomerimelike occipital carinaanddistinctivemorphologyof
themeepisternumtheyare respectively parasitoid$ gall-forming Eurytomidae in stems of
Poaceaandof.gall-forming Aylacini (Cynipidae) inherbstems (Grissell1995; Zeroveet al,
2008).

The generiMicrodontomerus and Adontomerus sensu Grissell (1995) are monophyletic.
However Pseuderimerus is paraphyletic with respect trimerus. Pseuderimerus and
Erimerus sharetwo common charactetates 1) a single apical spur on the hind tibia and 2)
males of some species with reduced eyes (Grjd€9b; Burks and Redak, 200Fherefore
we synonymizéseuderimerus underErimerus (syn. nov.). Eridontomerusis also
paraphyletic with respect @itropinotus aureoviridis, althoughEridontomerus and
Ditropinotuswere considered as distirggnera by Grissell (1995). However, all the character
statesthat diseriminate these genexppear to be homoplastic and there is no synapomorphy
that reliablyeharacterizeshem(Jansta pers. obs.). Moreovethe species belonging these
genera share the same biolpggcurrently reported as larval parasitoids of Eurytomidae
(Chalcidoidea) in grass stems (Griss#895;JanStaandBoucek, 2006). Consequently we
synonymiseDitropinotus underEridontomerus (syn. nov.). Idiomacromerus sensu Grissell
(1995) is polyphyletic, with mosipeciegorming awell-supportectlade within
Microdontomerinagbutwith two speciess separate cladesthin Adontomerus + Erimerus.
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| diomacromerus arcus, which wasdescribé in Liodontomerus by Boucek (1969)but
transferred tddiomacromerus by Grissell (1995)is recovered asister toAdontomerus
species in all analyses (Bid.c,S3c). Grissell (1995ouldnot find anyfeature differentiating
I diomacromerus andLiodontomerus and consequently synonymized them. Howevéwa
charactergappear taliscriminag Idiomacromerus (sensu Grissell 1995) andAdontomerus,
such aselativelength of the marginal and posarginal veis to the length of thiore wing
andthe presence ane vs twaanelli. However, as menti@uabove, these characters aot
reliableto discriminate genenaithin Torymidae. Moreover, some of tAelontomerus
species analysed hezzhibittwo anelli PEJ_1243). Thefere thetransferof some

| diomacromerus (Liodontomerus) speciego Adontomerus is needed.

Monodontomerinae stat. rev.

Diagnosis. Antenna with only one anelluscipital carina well developed, dorsally flat,
closer tooccipital foramen than posterior ocelli, with ventrolateral edges reachpugtoynal
carina afits.median point (excej@hileana andZaglyptonotus - in whichoccipital carina des
not abut hypostamal carindorsum of occipital carinbeinglocated midway between
posterior ocelli and occipital foramen; a@dpristus - where occipital carina is lackiig
anterioriedge of propodeal foramen closer to posterior edge of hind coxal foramen than
anterior edge;nmercoxal carinae joimg medial edg of propodeal foramen and continuing to
anterior'margin of plate; mepisternal area longitudinally narrowed, subequal to diameter of
propodeal foramen in lengtmarginal vein 2-3imesas long as postmarginal vein and 4-6
timesas long as stigmal veihind femurwith singletooth distally or medially placed tooth
with or without additional femoral modifications, or enlarged with 1 or 2 rows of teetth; hi
tibia straightor curved, always with apex truncate and bearing two spetasomal terga not
laterally emarginate, dorsomedially truncate in most genera, eRbepana, Oopristus and
Zaglyptonotus, with Mt,., emarginate (Grissell, 1995; Jansta et al. 2013).

About halfiefsMenodontomerinaspecies arélolarctic,with the resdistributedin other
zoogeographiesregions. Members of this subfamily parasitize predominantly Lepalopt
pupae, larvae of aculeate wasps and bees, and sawflies and larvae of their hyperparasitoids.
This is the only.group of Torymidae that attack eggdeteroptera and Orthoptera. Some
species (genuBaglyptonotus) lay eggs into galls caused by various groups of insects
(Grissell, 1995).

Monodontomeriae(clade 8 Figs 1d,S3d) aremonophyletic in all our analyses. The
subfamily is well defined by the morphological characters proposed by Grissell (1995),
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althoughChileana andZaglyptonotus eachbearadistinct occipital carina not known in other
MonodontomerinaelJanstaet al, 2013). BottZdenekius and the Neotropical genus
Rhynchodontomerus wereconsidered to be basal monodontomerines by Grissell (1993, 1995).
Our results (ML and MP analyses) plafdenekius (subclade 8aas sister to all other
MonodontomerinaayhereafRhynchodontomerus is nested withirthe clade,sister to
Zaglyptonotus (ML analyses) or t&hileana and onaundescribed New World geno$
MonodontomerinaéMP and BA analyses)

BeyondZdenekius, Monodontomerinaaresegregatetto two geographically defined
sulrlades.Subclade 8b includes mostly Old World gendarfodontomer us, Anneckeida
andRhyncheticida) plusthe HolarcticMonodontomerus. In our resultsiVionodontomerus is
paraphyletic with respect hynchoticida, howevetrthisrelation could bartefactuabs we
failed to sequence most genesRhiynchoticida (only 28S rDNAIis sequencedTalde S1

and Figs 1dS3d).Morphologically,Rhynchoticida (small bodied with an unusually short
ovipositor) is similar tcAnneckeida anda few other Monodontomerinae (not included here)
that are egg parasitoids of Heteropter@rthopteraywhich isa peculiar biologyor
Monodontomerina€el hethird subclade (8) includes the New World gene@hileana,
Perissocentrus, Zaglyptonotus, andtwo undescribed generdaglyptonotus was treated as
incertae'sedis by Grissell (1995) because it shafestureswvith Torymoidini. Recently, Jansta
et al (2013) describe@hileana, which shareseveralfeatureqe.g.long hind tibial spurs,
incision'of hing margin of metasomal tergites) witiglyptonotus, andthis clo relationship

Is supported herby our molecular results

Podagrioninae stat. rev.

Diagnosis. Antenna with clava formed of 3 flagellomeres, windemales arérequently
indistinctly delimitedventrallyby sutures and with large area of micropilosity ventrally over
entire length of clavéexcept in some genera likéantiphaga, Neopalachia, Iridophaga,

where clavasformed 3 well separated flagellomeres with very small or no micropilosity area);
occipital caina-dorsally arched, nearer to posterior ocelli than to dorsum of occipital forame
ventrolaterally expanded, joining hypostomal carina near base of mandiblepisternal

shelf always'presenbut with metepisternum variable, either with propodearfan adjacent

to hind-coxal foraran (somePalachia) or placed well beyond bases of hind coxae, lateral
carinaconnecting propodeal and hind-coxal foeamresen{Grissell, 1995); ptiole with a
distinct and often long posterior projection strorgffached to basal sternite (Delvare &
Jansta, pers. observ.).
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Discussion. Podagrioninae can be easily defined by two aporoatptes (shape of occipital
carina joining hypostomal carina near base of mandibles, and posterior projectitinlej.pe
Thisistheonly subfamily wherall of the specieswith known biology are adapted for
parasitizing Mantodea eggs in egg casdschis mirroredby their general habitus (usually
long ovipesiterusually hind femur enlargedh many small teetrand claval segments
usually almost fused with distinct micropilosity areBased on our analysis, morphological
featuresand thebiological specializatiopresented mostly by Grissell (1995), we distinguish

within Podagriomae three tribes and leave two genermestae sedis.

Propalachiinirib. nov.

Diagnosis.Head and dorsum of mesosoma with distinct though not long and subdecumbent
pilosity; colors gnerally dull, not contrastinglaigellum of females distinctly clavateith no
visible annulation within segments awith largearea ofmicropilosity, occipital carina

joining hypostomal carina in its upper half, but abruptly ingrdownwad toward base of
mandible; pronotal collar anteriorly rounded; propodeal foramen placed well beyond bases of
hind coxae,lateral carina conniegtpropodeal and hindoxal foramerpresent; propodeum
posteriorly praduedinto short neck; ére wing with marginal vein less than 4 times as long as
stigmad vein;“hind'femur moderately thickenedentrally in distal half with a rovef teeth, 2

of them usually-prominent; hind tibia only slightly curved, witmtate apex and 2 apical
spurs;metasoma laterally not depressed, tengire or rarelydorsally emarginatéGrissell,

1995; Boucek 1978; 1998).

There are only thregescribed and fewundescribedpeciesall knownonly from the Old

World tropics. W do not have information about biology (Bouc¢ek, 1998) but based orther
general habitus we can expect Propalachiini are parasitoids of Maotoolber
Polyneopteraggs in oothecae.

DiscussionPropalachia (clade 9 Figs 1d,S3d, S4c) is monophyletic and sister Ralachia +
Podagrioninisinzall analyses, although the MP support is low. Based on morphology,
Propalachiawashistorically classifiedwithin Palachiinj together wittthe extantgenera

Palachia andNeopalachia and theextinctgenusGummilumpus (Boucek, 1978;Boucek,

1998; Grissell 1995). Adiscussed by Boucek (1978), Propalachia exhibitsrather
plesiomorphicharactetates(widespread pubesces shape of wing venation, pronotum

and metasomand was considered basaRalachia. Taking into account our results as well
as theaforementioned discussiong/e proposedo classify tis genusnto a new tribe
Propalachiini (trib. nov.).

This article is protected by copyright. All rights reserved



Palachiinisensu nov.

Diagnosis. Head and dorsum of mesosaitnaostwith indistinct or extremely short pilosity;
body withcontrastingcolored regionsflagellum of females distinctly clavate, witkava one-
segmente@ndlarge area omicropilosity; occipital carina joing hypostomal carina in its
upper halfgbut abruptly turning downvdatoward base of mandibleypnotal collar
anteriorly usuallyforming righéngular collarpropodeal foramen adjacent to hioolxal
foramen, lateral carina conn@ag propodeal and hirdoxal foranenpresentforewing with
marginal veirat least #imes as long as stigrinaein, which is very short or only rudimentary
hind femur.moderately thickened, in distal half ventral edge with a row of ®ef them
usually prominent; hind tibia slightly curved, wittubcate apex and 2 apical spurgtasoma
laterally depressedit,.4 usuallydorsally emarginate (Grissell, 1995; Boucek 1978; 1998).

The tribe isonly distributed inthe Old World tropicgBoucek, 1998). Two species are known
to be mantid egg parasitoids in oothecae (Narendran, 1984, Delvare unpubl.)
Discussion. Palachiini was considered closely related to Podagigridiucek (1976).
Palachiini(sensuBoucek, 1976, 1998Grissell 1995)differs from Podagrionini in having a
shorter hind, coxa, slender hind femur bearglgtively fewsmall teetha truncate hind tibia
bearingltwo apical spurseccipital carinaappearing to join hypostomal carina in upper half,
but abruptly turned downward towards base of mandénid, Mt without lateral
emarginatior{Boucek, 1978;Grissell 1995. However, ashown above, Palachiini (based on
Propalachia andPalachia) is paraphyletic in all our analyses aRdachia (clade 10Figs1d,
S3d, S4c) is sister to PodagrioninPropalachia is sister tdPalachia and differs in many
morphological features. Therefore we propose the lineage, which includes only tite exta

genusPalachia, asPalachiinisensu nov.

Podagrionini

Diagnosis»Ventral part of clava bearing an area of micropilosity (in spe@eslava

formed by 3:well separated flagellomeres with very small or no micropilosity area); occipital
carina completely encircling back of head, ventrolaterally expanded and meetintphmglos
carina slightly above base of mandible; propodeal foramen placed well beyond bases of hind
coxae, lateral carineonnecting propodeal and hind-coxal foerpresent; marginal vein-4

times longer than postmarginal vein and 3-9 timesdotigan stigmliavein; enlarged hind

femur with numerous ventral teethind tibia curvedvith apex prolonged into spine; single

hind tibid spur, Mt,.s laterally and dorsolaterally emarginate.
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Although worldwide in distributionthe majority of species are paropical occurring irthe
Neotropical, Afrotropical, Oriental and Australian regions and reported as parasitoids of
mantid egg cases (Grissell, 1995).

Discussion. Grissell (1995) defined several synapomorphidofiagrioninisee above)
which aremenephyletic in all our analyses with high support, Bwel (out of sevenyjenera
of Podagrioninarealso monophyleti¢Mantiphaga, Palmon, Podagriomicron, Podagrion,
andPropachytomoides). Micropodagrion is notincluded inour analysesPodagrionella

(sensu Grissell 1995)appeas polyphyletic, butorms several monophyletic groups that
roughly reflectthe previously accepted genera, i.edophagoides, Iridophaga and
Podagrionella (Boucek, 1976;Girault, 1913). Furthermordridophaga andlridiophagoides
(sensu Bougek1976)are cladesupporteased severahorphologicakharactersKoucek,
1976, Delvare anplubl.) as welience we prefer to split someRddagrionella groups into
distinct genera and resurrect some of tfevjpusly known genera (i.&.idophaga stat. rev.
andlridophagoides stat. rev.). Howeverthe rest oPodagrionella lineages haveow nodal
supports and require deepeorphological studyo clarify their generic status.

The inclusion.ofNeopalachia (only known in Neotropics) and fos§ummilumpus
(Dominican,amber) in Podagrioninae is questionable as they differ morphdiogiceveral
traits fromPalachia andPropalachia (see Grissell, 1995Neopal achia andGummilumpus
have the antennal club 3-segmented without micropilosity and are known from the
Neotropics; moreoveNeopalachia has the hind femur with a comb of fine, regular teeth, and
the hind tibia curved and diagonally truncate (character 11, Grissell, 1995), and
Gummilumpus has a frenalihe, elongated stigma vein, and no elongated submarginal
bristles). Their inclusion within the newly defined tribes requires a thorough morphological
analysis oflGummilumpus and new sampling and sequencing of the Keapal achia.
Therefore we propose to keBjpopalachia andGummilumpus asincertae sedis relative to
tribal placement; but with apparent close relationships to Propalachiachitai and

Podagrioninis

Reconstructien of biogeographical history

Theareas obrigin of Megastigmdaeand Torymicehave never been hypothesizétie
highest diversity of Megastigmidae, both in termgefera and specifiacluding many
undescribed species (Jansta, pers. olssinjthe Australian regior{Boucek, 1988),with only
Megastigmus andBootanomyia found outsidef this biogeographicakgion(Boucek, 1988;
Doganlar, 2011a, 2011b}ere, ve includedsevenof the twelve describegenera of

This article is protected by copyright. All rights reserved



Megastigmdae,four of whichare endemic to Australidhe five genera not included in our
analysis arall distributed in Australiawith a few specieseachinghe Oriental region.
Although Bootanomyia clade 1, whichs distributed in the Palaearctic regiassister to the
restof Megastigmiag dl of our analyses proposed tAastralian region as thencestral area
of Megastigmilae.However, the backbone of tMegastigmdaeis poorly resolved and
several key taxaneed to be included before reaching a definitive conclusion. Wath mor
comprehensive saripg, two scenarig couldbe tesed in futureanalyses(1) the common
ancestor of Megastigm@e hasnAustralian originwith at leastwo subsequent dispersal
eventg(Bootanomyia part 1,Megastigmus), or (2) Megastigmilaeoriginated in the northern
hemisphere and subsequently colonized the Australian region where it diversified into
multiple lineagesand possibly (at least fddegastigmus) recolonized the rest @forld.
Based on our limited outgroup analysi® cannotdentify a definitive sister group to
Torymidag and this prevents proposing a robust biogeographic hypotbethe family.
Corsequently, th@ncestral aregeconstructioranalysiss eitherunresolved (using MP
approach)‘or favora Palaearctic origifior Torymidaeandfor most of the includettibes
(ML approach)Considering fossil evidendeom Burmese ambemnft yet unambiguously
placedwithin Toryminae, Jansta - pers. oh8gltic amber lMonodontomerus primaveus,
Brues 1923 "undetermined Microdontomerini, Jangtars. observand ML analyss,we
propose &alaearctic or &urasian origirfor Torymidae with subsequent disperstd all
other regionsAfrotropical, Nearctic, Neotropicalnd theAustralianregions).

It was difficult to identify areas of origin for most of tterymid tribes, however the
Boucekininiare indicated tthave aNeotropical origin, Chalcimerira Palaearctiorigin and
the most derived tribe$(opalachiini Palachiini and Podagrionini) appear to have originated
in the Afrotropical regionwith subsequent dispersals to thew World, Australianand
Orientalregions(see FigS5). Therelativelyrecentdisperal of Palachiini and Podagrionini
to the New World is corroborated bgssilsfound in Dominican ambeGummilupus bouceki
(Grissell, 1980)); which arde only fossils known from these tribes (Griss&é®95).

Evolution of life strategies

Because most,Megastignaiel have phytophagous larvae, phytophagghypothesized ahe
putativeancestral stratedypr that familyby Grissell (1995) witla subsequent shifh biology
to parasitizingnsectsdevelopingn seedsand finaly to attackinggall makers The sister
relationshipof “Bootanomyia part 1"to all other Megastigmidae may indicatditierent
ancestral biology for Megastigmidae. Indedgipdtanomyia part 1" isknown to be

This article is protected by copyright. All rights reserved



ectoparasit on gall-forming Cynipidae, aniP ancestral reconstructianalysis yields an
ambiguous evolutionary patteraurthermore, our knowledge of the biology of many genera
of Megastigmilae is still fragmentargndall outgroupspeciesncluded in our analysis have
unknown biology(parasiticor phytophagous)lo better assegheancestrabiology of
Megastigmiag:we need to know more about the biology 8obbtanomyia part 2” and to
identify theclosestgroup toMegastigmilae @s well as itdiology), whichis still unknown
(Munroet al,"2011"Heratet al, 2013). Although the ancestral biologfyMegastigmilae
remainsunknown, our results strongly suggest that zoophagy (i.e. ectoparasitism on gall-
forming Cynipidae or Cecidomyidae) evolvadleast twdimes independenthyithin
Megastigmilae.lndeed, Bootanomyia part1” and Neomegastigmus are two unrelatedenera
that arezoophagoudn contrast phytophagy may have evolved once in the clade including
the three genera whose larvae develop on plant tissues, ndegglstigmus, Bortesia, and
Botanelleus.

Both ML andMP analygssuggest thagctoparasitisnon larvae ofgall-forming Cynipidaas
the ancestral biologipr Torymidae Several lineages oforymidaearethenpresumed to
haveswitcheal.hostspemmingectoparasitoids of the larvae ather gallmakers including
Cecidomyidae, Eurytomidae, Tephritidae, and also in larvae of Bruchidae or Eurytémidae
seeds of Fabaceashich may simulate the gall environme@ur resultsproposeseveral
additionalswitches and even reversals, of biology durihg evolution ofTorymidae (see

Fig. S6), includingectoparasitisnon larvaeof Aculeat in twigs or endoparasstnon pupae

of Lepidoptera or Symphyta. We do not knoweiturrent exploitation adimilar hosts by
Torymidae“iscorrelated withconvergent morphological adaptation, but most exdadt
extinctTorymidae have long ovipositors to oviposit@mcealed host larvae. Therefore we
can presume thatlang ovipositor isa pre-disposition for exploiting hodtsatdeveloped in
concealedsituations to proteagainst parasitoids (Bailest al, 2009).

Sone Torymidaeare known to be endoparasior oophagous (parasitism of eggs) (Grissell,
1995).Withsthesexception of Mymaridae and Trichogrammatidae, oophagyaswithin
Chalcidoidea-and has been observed only in some species of Aphelinidae, Eupelmidae,
EulophidaegEurytomida®teromalidaeSigniphoridae, Tetracampidae, and Torymidae
(Heratyet al}2013). Grissell (1995) suggested that oophagyanderived strategy that
evolved several timasdependently in Torymak Oophagyhas beembserved for all studied
species oPodagrionini andPalachiini, two species of Microdontomerini and several species
of Monodontomerina€Grissell 1995).Grissellalso suggested that oophagy and
endoparasitisrweretwo closely relatediologies. The proximity of these two biological
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strategiexouldexplain why amajority ofMonodontomerinaareeither endoparasitoids of
pupae of Lepidoptera/Symphyta or oophagous. Howsweenge studiesRarker 1924 -for
Podagrion pachymerum; Delvare, 2005 - for Podagrionirdianstaetal., 2016 -for
Microdontomerusiridis) have suggested that a few cases of endoparasitic life styles
(endoparasiteids of mantid eggs in oothecea) are in fact special cases of ectoparasitism, where
the parasitoid larvae fed on the host eggs within the ocathmit nbwithin the eggs.
Therefore eophagy'in Torymagcould be only a special case of ectoparasitima clearly
need accugate investigations in other oophagous Toagnid

Ourresultsstrongly suggest that parasitismtbé eggs oMantodeawasthe ancestrabiology
for Palachia (Palachiin) and Podagrionini. Howevehedre areonly two biological
observation$or Palachia (Narendran, 1984, Delvare unpubl.) and generalizing this biology
to theentiretribé could be inadequate. The biologyPobpalachia (Propalachiini)s
unknown.However, PalachiiniPodagrionini and Propalachiisihhareunique morphological
adaptatios associatedith the parasitism ahantid oothecadong ovipositor and
micropiloearea on clavajandwe hypothesize that (ecto)oophagy of Mantodea calddbe
the ancestral biology of Propalachiini, although there is no host record for this(Brapk,
1998).

Endoparasitismis definitely a derived biological strategy in Torymadaeoriginated at least
once within the-family. The same derived pattern for endopamasitas alsbeen observed
within a'few otherchalcidoid families (e.g. Perilampidae and Eucharitidae) (Heaaty
Murray, 2013).In contrast to Megastigmae, phytophagy is uncommonTorymidae
(Grissell 1995). Unfortunately, no phytophagous species of Togeackincluded in our
analyses. However, because all speafeBorymidaeknown to be phytophagous belong to
the genugorymus (Grissell 1995), wehypothesize that phytophagyaderived biological

strategy within Torymide

Conclusion

This study:did-not support monophyly of the family Torymidemsu Grissell(1995). Rather,
our broad.taxonomic sampling alageamount of sequence datalicates Torymidaeensu
Grissell is a'polyphyletic group that necessitéteatingToryminae and Megastigminae at a
family rank, i.e. Torymidas.s. and Megastigmidad&ased orbothmolecular datand
morphological data from immaturdglegastigmidae and Torymidae are twwelated
families within ChalcidoideaAlthough subdivision of the family Torymidae into 6
subfamilies and tribes is repeatedly corroborated regardless of analytical methods, the
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position of someubfamilies(namely Glyphomerinae, Microdontomeaa and

Monodontomeriag is not well supported and neefisther investigationThe ancestral area

of Megastigmidae is indicated #® Australian region. Torymidais indicated to have

originated in the Palaearctic region with subsequent dispersals to alteglwers While the
ancestralrhests:for Megastigmidae remain uncertain, the most probable ancestral life strategy
for Torymidae is ectoparasitism on larvae of -gatiming Cynipidae with several derived

traits throughoutthe torymiphylogenyHowever,to resolve the pattern of host association

and biogeographical events within these two families, tribes and generaeditfuréher

collecting of taxa including host dataast but not least, additional sequencing and detailed
morphological analysisf all lineages including fossil records angently needed to test

evolutionary history of these two families properly.
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Figure captions

Figure la. Phylogram oMegastigmidae an@lorymidae relationships (outgroupsd

Ormyridae),based on RaxML with 1000 bootstrap (BP) replications. If no support values

indicated, BP"maximum likelilaxl and maximum parsimony <50 and posterior probablities

<0.75. Shaded-areas highlight supported monophyletic genera. Upper pie charts at main nodes
show the likelihood of ancestral state of different geographic areas of origin,dmaararts

are likelirood of ancestral state of life strategassinferred by Mesquit®ars on terminal

branches indicate host association, icons after taxon hames indicate biogeolgregioicaf

specific taxa distribution (color legend for bars and icons below treee<tad labelled

using the new classification Mfegastigmidae an@iorymidae as proposed in text.

Figure 1b. Phylogram of Torymidae relationships (Chalcimerinae and Toryminae:

Boucekinini, Torymoidini and Torymini) based on RaxML with 1000 bootstrap (BP)

replications=ifsne support values indicated, BP maximum likelihood and maximum

parsimonys<b0-and posterior probablities <0.75. Shaded areas highlight supported

monophyletic'genera. Upper pie charts at main nodes show the likelihood of antastiaf s

different geographic areas of origin, lower pie charts are likelihood of ancestral state of life

strategiess inferred by Mesquitdars on terminal branches indicate host association, icons
after taxon names indicate biogeographical region of specifidiattédbution (color legend

for bars and icons below tree). Clades are labelled using the new classification of Torymidae

as proposed in text.
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Figure 1c. Phylogram of Torymidae relationships (Glyphomaaand Microdontomeriae

based on RaxML with 1000 bootstrap (BP) replications. If no support values indicated, BP
maximum likelihood and maximum parsimony <50 and posterior probablities <0.75. Shaded
areas highlight supported monophyletic genera. Upper pie charts at main nodes show the
likelihood-of-ancestilsstate of different geographic areas of, lower pie charts are likelihood of
ancestral state of life strategiesgin as inferred by Mesquit®ars on terminal branches
indicate haost'association, icons after taxon names indicate biogeographmalafesgiecific

taxa distriution (color legend for bars and icons below tree). Clades atedalsehg the

new classification of Torymidae as proposed in text.

Figure 1d. RPhylogram of Torymidae relationships (Monodontomerinae and Podagrioninae:
Propalachiini Palachiini and Podagrionini) based on RaxML with 1000 bootstrap (BP)
replicationsIf no support values indicated, BP maximum likelihood and maximum
parsimony <50 and posterior probablities <0.75. Shaded areas highlight supported
monophyletic genera. Upppie charts at main nodes show the likelihood of ancestral state of
different geographic areas of origin, lower pie charts are likelihood of ancestral state of life
strategiesas.inferred by Mesquitdars on terminal branches indicate host association, icons
after taxon pames indicate biogeographical region of specific taxa distribction legend

for barsiand‘icons below tree). Clades are labelled using the new classification of Torymidae

as proposed. in-text.

Supplementary material:

Figure S1. Phylogeny of Torymidae sensu Grissell (1995) based on morphological characters
(modified from Grissell 1995).

Figure S2. Saturation plots for transitions (s) and transversions (v) of entire fragment
sequenced.(a), first (b), second (c) and third (c) codon pusifiwCOIl (1), EF-/a (2) and

Wg (3). Matrix based uncorrecteddistances on-gxis versus K80 distances oraxis.

Figure S3a=d«=Phylogram oMegastigmidae an@lorymidae relationships based on RaxML

with 1000 beetstrap (BP) replications. Support values indicate in order: BP maximum
likelihood =450, posterior probablities (PP) >0.75, BP maximum parsimony > 50. Letters (a-g)

behind name ef each taxa specify gene regions sequencd8%it®NA, 28SrDNA D2, 28S

rDNA D3-5, EF-/a, COI barcode fragment, COI Jerry -Pat, Wg, respectively), asterisks

indicate only part of gene region sequenced. Shaded areas highlight supported monophyletic

genera. Clades are labelled using the new classification of Torymidae as proposed in text.
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Figure $4a-c. The strict consensus tree of all most parsimonious trees of Megastigmidae and
Torymidae founded in the TNT analysis, gaps were treated as missing data (L= 17199,
ClI=0.142, RI=0.579). Bootstrap support values >50 at nodes. Letters (a-g) behind name of
eachtaxa specify gene regions sequenced 1B8rDNA, 28SrDNA D2, 28SrDNA D3-5,

EF-/a, COIl bareode fragment, COI Jerry -Pat, Wg, respectively), asterisks indicate only part
of gene region sequenced. Shaded areas highlight supported monophyleticGadesare
labelled usingthe"new classification of Torymidae as proposed in text.

Figure Sba-b. Maximum parsimony and maximum likelihood ancestral state reconstruction
of biogeographical history dflegastigmidae and Torymidae. Ancestral states were mapped
onto the RAXML: tree topology using Mesquite. Color of background indicates the
tribal/subfamiliar or familiar affiliation as in Fig33-S4. Pie charts at main nodes show the
likelihood, branch colors show the most parsimonious ancestral state of diffevgrajjac
areas of origin as inferred by Mesquite (see “Materials and Methods” section), exact
likelihood of all values at all nodes in Supporting Material (§&82). Clades are labelled
using the new classification of Torymidae as proposed in text.

Figure S6a-b..Maximum parsimony (a) and maximum likelihood (b) ancestral state
reconstruction of parasitoid larvae lifigstory strategiesf Megastigmidae and@lorymidae .
Ancestral states'were mapped onto the RAXML tree topalsayg MesquiteColor of
background indicates the tribal/subfamiliar or familiar affiliation as in B§S4. Pie charts

at main ‘nodes show the likelihood, branch colors show the most parsimonious anegstral st
of differentlarvae lifehistory strategieas inferred byMesquite (see “Materials and

Methods” section), exact likelihood of all values at all nodes in Supporting Mg{Esial

S3). Clades are labelled using the new classification of Torymidae as propasdd in t

Table S1. Specimen voucher information and @amk accession numbers (AGS

Agaonidae: Sycophaginae, EWEurytomidae, OR - Ormyridae, PT®teromalidae:
Colotrechninae, PTE - Pteromalidae: EpichrysomalliMteG - MegastigmidaeTOC -
TorymidaexChalcimeriame TOM - Torymidae: Microdontomerae TON - Torymidae:
Monodontemeriae TOO- Torymidae:Podagrioninae: PodagrionidiOP - Torymidae:
PodagrioninaePalachiini,TOR - Torymidae: Podagrioninae: Propalachiini, TOB -
Torymidae:TForyminae: Boucekinini, TOT - Torymidae: Toryminae: Torymini, TOY -
Torymidae: Toryminae: Torymoidini; Extraction: destructive, N - nomlestructiveP -

partly destructive, QP - Quaigen protocol, CP - Chelex protocol; Voucher priotioandi

96/70 - in 96/70% EtOH, D - dryed and mounted; Voucher museum repositories abbreviations

This article is protected by copyright. All rights reserved



and all character states for species distribution and host association are listed in M&M.
Outgroups species names are bolded).

Table S2. Likelihood values of ingeographical historgncestral state reconstructioh
Megastigmidae and@lorymidaeat all nodes mapped onto the RAXML tree topology using
Mesquite:

Table S3. ldkeliheod values of parasitoid larvae lifestory strategieancestral state
reconstructiorof Megastigmidae ant@lorymidaeat all nodes mapped onto the RAXML tree

topology using Mesquite.
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m | | Zaglyptonotus spPJ0023 USA
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Propalachiini

Propalachia sp. 2 Laos v+
Propalachia sp. 1 Kenya ¥

™~ - Propalachia sp. 3 Mozambique ¥ clade 9
Palachia sp. 2 Mozambique ¥, e
> ml- Palachia sp. 1 Mozambique “¥. PaIaCh"r"
Palachia sp. 3 India v+
clade 10

B’ Palachia spPJ0033 India v+
“Podagrionella” sp. 2 PNG#

B’ “Podagrionella” sp., areaolata gr. PNG%
Propachytomoides sp. 1 Australia 4,
Propachytomoides sp. 2 Australia %,
Propachytomoides sp. 4 Australia %,
B’ Propachytomoides sp. 3 Australia 4,

' Palmon sp. Kourou French Guiana 'y
= l A Palmon sp. 2 Ecuador y
.I [ Palmon sp. 1 Madagascar ¥,
n Palmon sp. 4 RSA™¥.
'" [ ] Palmon sp. 3 Taiwan v¥
Iridophaga spPJ0009 stat. rev. Kenya ¥
wosg Iridophaga lichtensteini stat. rev. France
[ ]
I‘ 54/.97/-

Iridophaga sp. stat. rev. UAE

Podagrionella sp. Australia %,
“Podagrionella” sp., Afrotropical gr. Kenya™¥.
“Podagrionella” sp., Afrotropical gr. Mozambique ¥,
Podagrionini n. gen. sp. Australia 4,
Mantiphaga bekiliensis Madagascar “¥.
Mantiphaga sp. 1 Madagascar “¥.
Iridophagoides tatianae stat. rev. Spain abcdef
“Podagrionella” sp., ambatobeensis gr. Madagascar ¥,
“Podagrionella” sp., ambatobeensis gr. Mozambique ¥
“Pogadrionella” sp. PNG %,
n Podagriomicron sp. n. Laos v+
431.72)- L Podagriomicron spPJ0032 Thailand v+
Podagrion sp. Australia % ,
5 Podagrion sp., idomene gr. Cameroon™¥.
1 63/.65/68 Podagrion sp., idomene gr. Australia %,
1 B Podagrion sp., idomene gr. Vanuatu 4,
- Podagrion sp., New World gr. USA
u Podagrion sp., New World gr. USA
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Podagrion sp. Wak Cameroon “¥.

Podagrion sp. Batibo Cameroon ¥,
Podagrion sp., Afrotropical gr. UAE
L] Podagrion sp., Afrotropical gr. Cameroon “¥.
Podagrion sp. Malaysia v+
u Podagrion sp. India v+
Podagrion bouceki France
A Podagrion sp. Cape Verde Is. ¥,
Podagrion sp. RSA ¥
Podagrion pachymerum ltaly
Podagrion sp., idomene gr. PNG %,
Podagrion minus Spain
W' Podagrion splendens France
Podagrion sp. Bolivia 'y
m' Podagrion sp. Argentina‘y
A Podagrion sp. Kourou French Guiana y
= Podagrion sp. French Guiana 'y
' Podagrion sp. Ecuador y

69/:90/-

A

B ML270%/PP20.95/MP=70%
A only ML270%/PP=0.95

0.2

Hosts:

Gall-forming Cynipidae |

Pupae of Lepidoptera or free-living sawflies
Gall-forming Cecidomyidae Mantodea eggs
Gall-forming Eurytomidae Heteroptera eggs

Gall-forming Tephritidae [ ]

|
Tephritidae or Curculionidae in Asteraceae flowerheads [l
Larvae of Aculeate enopte

{$"Tticle is protected by €opyright. All rights reserved

Figs associates
Gall-forming or boring Lepidoptera Larvae of Bruchidae or Eurytomidae in seeds of Fabaceae

Phytophagy
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Iridophaga korsakowi stat. rev. Mauritania
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