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The Journal of Hymenoptera Research (JHR) is published by the International Society 
of Hymenopterists. It is devoted to the study of all aspects of Hymenoptera and cov-
ers a broad range of research disciplines, including biology, morphology, behaviour, 
ecology, genetics, systematics and taxonomy. The journal was launched in 1992 and 
for most of its existence was published as two issues per annual volume. In 2011, after 
publication of 19 volumes, the Society decided to move from restricted to open access, 
with Pensoft as a publisher. This move had several important consequences for the 
publication and dissemination of information about Hymenoptera.

The new publication model has replaced the traditional schedule of two issues per 
year with a more flexible one allowing publication of unlimited numbers of issues, 
depending only on the availability of publishable content. The unrestricted number of 
issues speeded up the publication process and increased the number of published pages 
as a whole. For instance, from 2000 to 2010 (vol. 10–19), JHR published an annual 
average of 306 pages (Fig. 1), while shortly after changing the publication model, the 
number of published pages increased to 366 in 2011 and 712 pages in 2012. Likewise, 
there has been growth in submissions to JHR and published articles, reaching 51 and 
38 articles, respectively, in 2012. The rejection rate, at about 20%, remained about the 
same, with 10 rejected manuscripts in 2011 and 11 rejections in 2012.
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Apart from a significant increase in the volume of published content, the move to 
open access was accompanied by several other changes. Most importantly, published 
information is immediately disseminated, through XML markup, to global aggregators 
and scientific databases, including Encyclopedia of Life (EOL), the Global Biodiversity 
Information Facility (GBIF), Plazi, and Species-ID (see, e.g., Penev et al. 2010, 2011). 
Similarly, publication records are distributed to scientific databases, indices and search 
engines, such as Zoological Record, Web of Science, Google Scholar, CAB Abstracts, 
DOAJ Content and others. The publisher provides an alert service through email, RSS, 
and social networks, including Facebook, Twitter and Mendeley to inform readers of 
the publication of new issues.

JHR and the International Society of Hymenopterists have benefited also from Pen-
soft’s dissemination services. Since May 2011, Pensoft’s PR team has been supporting au-
thors actively in “translating” the technical texts into more popular language. Although still 
not a routine practice, the press release by Shaw et al. (2011), posted at Eurekalert, received 
around 800 page views during a short time. The accelerated dissemination workflow led 
to a increase of the visits to the JHR website. While web traffic statistics are not available 
from before the switch to open access, the number of page loads rose from about 25,000 in 
2011 to more than 40,000 in 2012. During the same period, the number of unique visi-
tors increased from ca. 8,200 to almost 14,350 (Fig. 2), indicating an improved visibility of 
the journal. The list of most viewed articles is a quite accurate representation of the topics 
and taxa that qualify as the most prominent research topics of articles published in JHR.

Figure 1. Annual number of published pages of Journal of Hymenoptera Research. The most recent two 
volumes (2011 and 2012) were published open access.
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Figure 2. JHR Statcounter statistics, showing the number of visits to the website.

Two groups of Hymenoptera stand out as receiving considerable attention in terms 
of published articles: Braconidae and aculeate wasps. In 2011 and 2012, a total of a 
dozen articles were published about Braconidae and they make up for over half of the top 
ten most viewed articles (Table 1). The majority of the most accessed articles comprise 
revisionary studies, including the large-scale revision of the genus Quartinia in Southern 
Africa (Gess 2011a, b; 2012a, b), with part IV being the most viewed article (Table 1). 
Eleven, or 19%, of all published articles in 2011/2012 had behavioural ecology as their 
main subject, with a prevalence of articles concerning aculeate wasps (Alcock 2011, Buys 
2012, Nalepa 2012, Dalmazzo and Roig Alsina 2012, Barthelemy and Pitts 2012, Sar-
zetti et al. 2012, Wcislo et al. 2012). Although there is a predominance of articles that 
have systematics, phylogeny, and ecology as their prime subjects, there have been several 
articles dealing with important, more general subjects. Gates and Buffington (2011) de-
scribe innovative techniques for processing the increasing number of parasitoid speci-
mens that are obtained through biodiversity studies. The tools developed and provided 
by Seltmann et al. (2012) in their article describing the Hymenoptera Anatomy Ontol-
ogy represent an important milestone for the future of sustainable digital publication, al-
lowing authors to reference their hymenopteran anatomical terminology to well-defined 
and illustrated anatomical concepts. 

Authors benefit from the move to the Pensoft online editorial platform in that they 
can expect a faster turnaround time for their manuscripts, usually ranging from one to a 
few months from submission to publication. The open access model guarantees a better 
dissemination and visibility of their articles through the simple but important fact of 
accessibility, augmented by tailored use of cutting-edge Web 2.0 technologies. Manu-
scripts are submitted through a highly automated online editorial management system 
that provides authors and editors with a more streamlined editorial pathway. The move 
to electronic publication also means that there is no page limit for manuscript length, 
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although for large revisionary works, checklists, catalogues, monographs, etc., there is 
the option of separate publication as a supplement. Nor is there a limit (or extra charge) 
for colour illustrations or the integration with multimedia (e.g. as in Wcislo et al. 2012), 
and authors are encouraged to submit non-printable matter like movie clips, sound re-
cordings, or 3D animations. At the same time, we continue to produce a high resolution 
full-color printed version with a subscription option for individuals and institutions, 
and Society members benefit from a discount on printed copies and open access fees.

The technological development of JHR continues and the next step will not delay 
too long. JHR will be transferred in 2013 to the brand new Pensoft Journal System 
(PJS 2.0), a novel editorial management system that will greatly facilitate the editorial 
process for our authors, reviewers and editors through improving usability and naviga-
tion. PJS 2.0 will offer a number of additional tools, that can be used optionally by the 
JHR authors, such as community and public peer review, and an online, collaborative, 
article-authoring tool (Pensoft Writing Tool, PWT) that provides a large set of pre-
defined, but flexible, templates of different types of article. In the PWT environment, 
authors can work collaboratively on their manuscripts online and may also invite ex-
ternal contributors, such as mentors, potential reviewers, linguistic and copy editors, 
colleagues, etc., who may watch and comment on the text during the manuscript 
preparation. The PWT will also facilitate upload of occurrence data in DarwinCore, 
provide automated registration of new taxa in ZooBank, import of references, embed 
multimedia, compose plates from single images, and many other features.

Table 1. The top ten most viewed articles of JHR published in 2011 and 2012 (according to the JHR 
website counter, accessed on 29 January 2013).

Rank Article Author (Year) Views

1 The genus Quartinia Ed. André, 1884 (Hymenoptera, Ves-
pidae, Masarinae) in Southern Africa. Part IV. Gess (2011a) 2,706

2 A review of New World Eurytenes s. str. (Hymenoptera, 
Braconidae, Opiinae)

Walker and Wharton 
(2011) 2,567

3 Sting microsculpture in the digger wasp Bembix rostrata 
(Hymenoptera, Crabronidae) Matushkina (2011) 2,563

4
Characteristics of the cocoon and natural history of the gre-
garious Meteorus restionis sp. n. (Hymenoptera, Braconidae, 
Meteorinae) from Costa Rica

Barrantes et al. (2011) 2,282

5
Two new brachypterous species of Heterospilus Haliday 
(Hymenoptera, Braconidae, Doryctinae) from the Nearctic 
region

Kula (2011) 2,265

6 A revision of Thai Agathidinae (Hymenoptera, Braconi-
dae), with descriptions of six new species. 

Stoelb and Sharkey 
(2011) 2,251

7 Two new synonyms in Oriental Crabronidae (Hymenoptera) Pulawski (2011) 2,095

8
Discovery of Rodrigama Gauld in the Old World, with de-
scription of two new species (Hymenoptera, Ichneumoni-
dae, Poemeniinae)

Matsumoto and Broad 
(2011) 2,068

9 A hymenopterists’ guide to the Hymenoptera Anatomy 
Ontology: utility, clarification, and future directions Seltmann et al. (2012) 2,052

10 Unusual host carrying by a parasitoid wasp (Braconidae, 
Braconinae, Pycnobraconoides) 

Quicke and Marshall 
(2011) 2,014
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abstract
Seven microsatellite loci were isolated and characterized from a microsatellite enriched genomic library 
for the stingless bee Scaura latitarsis. Primers were tested in 12 individuals. The number of alleles per locus 
ranged from 3 to 6 (mean = 4.29) and observed heterozygosity ranged from 0.00 to 0.75 (mean = 0.40). 
Cross-species tests showed successful amplification for Scaura atlantica, Scaura longula, Scaura tenuis, 
Schwarzula timida, Schwarziana quadripunctata, Plebeia droryana, and Plebeia remota.

Keywords
Microsatellites, Scaura latitarsis, genetic variability, Meliponini

introduction

Scaura latitarsis is small (4.0 mm) and black stingless bee which nidifies in arboreal 
termite nests of Nasutitermes (Michener 2007). The species is widely distributed in 
tropical South America, with records in the following countries: Colombia, Venezuela, 
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Guyana, Suriname, Peru, Bolivia, and Brazil (Camargo and Pedro 2012). The large 
geographic distribution and the well reported female philopatric behavior in stingless 
bees (Nogueira-Neto 1954, Brito and Arias 2010, Francisco and Arias 2010) suggest 
that S. latitarsis populations should be highly differentiated. In general, population 
studies apply combined molecular markers of nuclear and cytoplasm origins. Mito-
chondrial polymorphism is easily assessed due to universal primers already described 
(Simon et al. 1994). However, the same is not true for nuclear markers. Microsatellites 
have been the nuclear marker most used in population genetic studies. As they present 
Mendelian and biparental inheritance, it is possible to evaluate the parental contribu-
tion, especially from males when mitochondrial data are also available (e.g. Estoup et 
al. 1996, Franck et al. 2001, Quezada-Euán et al. 2011). For future population studies, 
our first goal was to construct a microsatellite-enriched genomic library to isolate and 
characterize microsatellite loci for S. latitarsis.

Total DNA of 12 workers was extracted using a phenol/chloroform protocol. The 
microsatellite-enriched genomic library was constructed according to Billotte et al. 
(1999) with some modifications (Brito et al. 2009). From 96 selected colonies of trans-
formed Escherichia coli DH5α lineage, 48 were sequenced and 25 contained micros-
atellite sequences. Fifteen of these were chosen for primers design based on sequence 
quality. The software Primer3 was used (Rozen and Skaletsky 2000) to indicate the 
best primer sequences. Primers were tested on 12 workers of S. latitarsis from seven dif-
ferent locations in Brazil: Ribeirão Preto, SP (n = 2), Cajuru, SP (n = 2), Pedregulho, 
SP (n = 2), Ribeirão Cascalheira, MT (n = 2), Nova Xavantina, MT (n = 1), Manaus, 
AM (n = 2), and Londrina, PR (n = 1). Amplification reactions were conducted in a 
volume of 20 µL containing 2 µL of the PCR reaction buffer (Invitrogen), 1 µL of 
dNTP 2 mM each, 0.6 µL of MgCl2 50 mM, 0.4 µL of each primer 20 µM, 15 ng of 
template DNA and 0.3 µL of Taq DNA polymerase 5U/µL (Invitrogen). PCR condi-
tions were the following: 93 °C for 4 min, 35 cycles of denaturation at 93 °C for 40 
s, annealing at 60 °C for 50 s and elongation at 72 °C for 40 s. A final extension step 
of 72 °C for 5 min was performed. PCR products were separated on 5.6% polyacryla-
mide gels and stained with silver nitrate. Allelic richness (k), observed (HO) and expect-
ed (HE) heterozygosity were calculated in FOFPOP 2.0 (Francisco 2009). GENEPOP 
4.1.4 (Rousset 2008) was used for Hardy-Weinberg equilibrium (HWE) and linkage 
disequilibrium tests. Bonferroni corrections were used for multiple comparisons.

Seven out of 15 primer pairs generated fragments of expected size, and they were 
polymorphic (Table 1). The number of alleles ranged from 3 to 6, with an average of 
4.29. Values of HO ranged from 0.000 to 0.750 (mean = 0.405) and HE from 0.531 to 
0.736 (mean = 0.664). After Bonferroni correction, only the loci SLAT 16 and SLAT 
40 showed significant deviation from Hardy-Weinberg-expectations. Linkage disequi-
librium was detected after Bonferroni correction between SLAT 16/SLAT 24, SLAT 
24/SLAT 43, and SLAT 40/SLAT 43. Deviations from HWE and linkage disequilib-
rium are expected when individuals are sampled from genetically differentiated popula-
tions (Brito et al. 2009).
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Table 1. Summary of general information for the microsatellite loci isolated from Scaura latitarsis. k: 
number of alleles; ASR: allele size range (bp); HO: observed heterozygosity; HE: expected heterozygosity.

Locus Repeat motif
Genbank 
accession 
number

Primer sequences (5’-3’) k ASR HO HE

SLAT 10 (AG)12TA(AG)3 JQ001766 F: TGAATTAACAGGCCGGAATC
R: TTCGTTGCCTCGCTCTTTAT 5 183–197 0.417 0.694

SLAT 16 (AG)21 JQ001767 F: AAACGAAGGACAGACGTTGG
R: AATATGTGGACCGCGTGTTA 5 145–179 0.000 0.736

SLAT 18 (AG)24 JQ001768 F: GGATCGTCGAACGGAATATC
R: TCGTCAACATTCCTCACTGG 3 232–240 0.250 0.531

SLAT 24 (GAA)16 JQ001769 F: CGAACCAGTGTCTGAATCGT
R: GCCTCGAACTCTGGCGTAT 6 184–202 0.500 0.715

SLAT 40 (GA)3AA(GA)18 JQ001771 F: GTTCCACACCGGAAGACC
R: GTGAACGAGCCTCTGCAATC 4 200–214 0.333 0.653

SLAT 43 (AG)24 JQ001772 F: GCGGAATTAACAACGGACAT
R: GCATACCGGCGAATATAACC 4 119–135 0.583 0.719

SLAT 44 (GA)19(GAA)9 JQ001773 F: GGCATAGGTTACGATTTGGAG
R: GTGGCAGTCAACGTGTTAGG 3 222–230 0.750 0.601

Table 2. Cross-species amplification of 7 microsatellite loci from Scaura latitarsis in S. atlantica, S. lon-
gula, S. tenuis, Schwarzula timida, Schwarziana quadripunctata, Plebeia droryana, and Plebeia remota. (+): 
successful amplification; (-): no product or multiple bands.

Locus Scaura 
atlantica

Scaura 
longula

Scaura 
tenuis

Schwarzula 
timida

Schwarziana 
quadripunctata

Plebeia 
droryana

Plebeia 
remota

SLAT 10 + + + + + + +
SLAT 16 + - - - - - -
SLAT 18 - - - + + + +
SLAT 24 + - - + + + +
SLAT 40 - - - + + + +
SLAT 43 + - - - - + -
SLAT 44 + + + + + + +

Using the same conditions aforementioned we tested the primers for the polymor-
phic loci in seven stingless bee species: Scaura atlantica, Scaura longula, Scaura tenuis, 
Schwarzula timida, Schwarziana quadripunctata, Plebeia droryana, and Plebeia remota. 
Cross-species amplification was 100% efficient for SLAT 10 and SLAT 44 (Table 2). 
However those loci were the only ones amplified in S. longula and S. tenuis. At least five 
out of seven primer pairs were successfully amplified in species from three other genera.

The microsatellite loci described here will be very helpful to gather molecular data 
of S. latitarsis to understand the population structure of this widely distributed species. 
If queen philopatry is confirmed for this species, these microsatellite loci will allow an 
evaluation of male’s contributions as gene flow mediators.
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abstract
Notes are provided on the morphology of males and females of the enigmatic Lithurgus huberi Ducke 
(Lithurginae: Lithurgini), a species historically believed to have been introduced into South America 
from Asia and to be a possible synonym of the more widespread L. atratus Smith. Distinctive differences 
are documented between L. huberi and L. atratus, perhaps indicative of separate species. In addition, we 
provide new records of L. huberi in Argentina and Paraguay.
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introduction

Megachilid bees of the subfamily Lithurginae Newman are commonly known as 
wood-boring bees because they usually excavate burrows in dead, dry, often decayed 
wood (Michener 2007). The subfamily is unquestionable monophyletic and the sis-
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ter group of Megachilinae (Roig-Alsina and Michener 1993, Engel 2001, Michener 
2007, Gonzalez et al. 2012). Lithurginae consists of two tribes, Protolithurgini En-
gel, an extinct lineage preserved in mid-Eocene Baltic amber, and Lithurgini New-
man, an extant taxon containing about 60 species in three genera: Lithurgus Berthold 
(currently with two subgenera), Microthurge Michener, and Trichothurgus Moure. 
Although the subfamily is relatively small in number of species, it is found on all 
continents except Antarctica. Only species of Lithurgus s.str. are found in the Eastern 
Hemisphere except for Lithurgus huberi Ducke, which occurs in Brazil and Argentina 
(Roig-Alsina 2006, Moure and Melo 2007). Snelling (1983) suggested that L. huberi 
was adventive to South America and probably a synonym of the Indo-Australian spe-
cies L. atratus Smith given the morphological similarity between the two. Such a hy-
pothesis is also supported by the wood-nesting habits of Lithurgus, which facilitates 
dispersion across great distances.

We confirmed the close morphological similarity between L. atratus and L. huberi, 
as noted by Snelling (1983). However, we also noted some morphological features in 
both sexes of L. huberi that seem to be consistent and that may prove to be useful in 
species recognition. Accordingly, the purpose of this note is to document and illustrate 
those characters, as well as record L. huberi for the first time for Paraguay and supple-
menting this with new distribution records for Argentina (vide infra).

Materials and methods

We examined (V.H.G. & M.S.E) the type series of L. atratus as well as of L. dentipes 
Smith, a species that has been considered a synonym of L. atratus, deposited in The 
Natural History Museum, London (NHML). Additionally, we examined 42 speci-
mens of L. atratus from India, Celebes, Borneo, Solomon Islands, and Australia de-
posited in the Snow Entomological Collection (SEMC), Division of Entomology, 
University of Kansas Natural History Museum, Lawrence, Kansas, USA, and the 
U.S. National Pollinating Insects Collection, Bee Biology and Systematics Labora-
tory (BBSL), Utah State University, Logan, Utah.

Photomicrographs were prepared using a Canon 7D digital camera attached to 
an Infinity K-2 long-distance microscope lens, and were assembled with the Com-
bineZMTM software package. Specimens are deposited in SEMC and the entomolog-
ical collection of the Museo de La Plata, Argentina (MLP). Occurrence data for L. 
huberi were plotted using CorelDRAW® X5 and were taken from the literature (i.e., 
Ducke 1907, 1908, 1910, Camillo et al. 1983, 1994, Wittmann and Hoffmann 
1990, Roig-Alsina 2006, Pick and Schlindwein 2011) as well as from specimen data 
retrieved from the Inter-American Biodiversity Information Network (IABIN) pro-
vided by the USDA, Agricultural Research Service Pollinating Insect Research Unit, 
Logan, USA, and the Coleção de Entomologia do Laboratório de Biologia Vegetal, 
Universidade Federal de Pernambuco, Recife, Brazil.



Species status and new distribution records for Lithurgus huberi Ducke... 15

Results

Females of L. huberi primarily differ from those of L. atratus by the facial prominence. 
In L. huberi it is more strongly punctate and more depressed along the epistomal sulcus 
than in L. atratus (cf. Figs 1, 3 vs. 2, 4). Likewise, males of L. huberi differ from those 
of L. atratus in the inner glabrous surface of the metabasitarsus, which is broader and 
more projected (cf. Figs 5 vs. 6). Although subtle, such morphological differences ap-
pear to be consistent across the specimens examined. However, we have had access to 
a limited number of individuals from a restricted set of localities and cannot rule out 
that such differences represent mere geographic variations.

Despite the small number of species in Lithurgus s.str., the status of most of them 
remains questionable, particularly those from Southeast Asia. For example, at least 
eight ‘species’ that are closely related to L. atratus have been suggested to represent a 
single taxonomic unit (Michener 1965), although they could be a complex of rather 
cryptic species. Some of these are practically indistinguishable from L. atratus, differ-
ing mostly in body size (e.g., L. atratiformis Cockerell). Undoubtedly, a revision of the 
group that includes a great number of specimens from multiple locations (thereby ne-
cessitating extensive fieldwork as existing collections have significant gaps for Lithurgus 
across its distribution) is needed before any taxonomic action can be taken with cer-
tainty. Such a work would ideally be accompanied by molecular data to further test pu-
tative species boundaries as well as to elucidate possible routes and times of dispersion.

In conclusion, we support the view that L. huberi is closely related to the Indo-
Australian L. atratus species or species group and, if dispersed by human activity, it 
might have reached South America at least 100 years ago when it was described (Ducke 
1907). However, we show here consistent, albeit somewhat subtle, morphological fea-
tures to distinguish L. huberi from L. atratus. For the time being we recommend that 
they should be treated as separate species.

Taxonomy

Lithurgus (Lithurgus) huberi Ducke
http://species-id.net/wiki/Lithurgus_huberi
Figs 1, 3, 5, 7

New records. Argentina: 1♂, Buenos Aires, Berazategui (Parque Pereyra Iraola), 24-1-
2011, Col. Alvarez. L-Lucia. M (MLP) (foraging on Ipomoea purpurea (L.) Roth); 1♀, 
Misiones, Loreto, February 1954 (SEMC). Paraguay: 2♀♀, 4♂♂, Itapua Vega, Dec 
1955, Juan Foerster (SEMC).

Additional material examined. Brazil: 3♀♀, 3♂♂, B. Horizonte, Minas, Brasil. 
A. Costa Jr. 20-4-49; 1♂, Para, Conceicão do Araguaia, July 1959, M. Alvarenga; 1♂, 
Paraíba, Santa Luzia, Mun. Serra do Brandão dos Chandoca, 4/8 December 1955, 
Sebastidos Madeiros (SEMC).
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Figures 1–6. Details of Lithurgus huberi Ducke from Minas Gerais, Brazil (left column: 1, 3, 5) and L. 
atratus Smith (NHML syntypes) (right column: 2, 4, 6). Facial views (1, 2), detail of facial prominence 
(3, 4), and inner surface of metabasitarsus emphasizing the apical expansion and glabrous surface (5, 6).
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abstract
Two new species of amisegine chrysidids, Cladobethylus insularis and Exova tunana, are described. Both 
species were reared from eggs of the stick insect, Eurycantha insularis Lucas (Phasmatidae), collected from 
infestations of oil palm pests in Papua New Guinea. This is the first host record for either genus.

Keywords
Cladobethylus, Exova

introduction

Outbreaks of the oil palm stick insect, Eurycantha insularis Lucas, 1869 (Figs 1, 2), oc-
curred in 2007 and 2008 in smallholder oil palm plantations in the Tunana smallholder 
blocks in Northern (Oro) Province, Papua New Guinea. Damage caused by these stick 
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Figures 1–3. Eurycantha insularis Lucas 1 feeding damage in Tunana small holding oil palm plantation 
in Papua New Guinea 2 Male 3 Female with parasitized egg; egg not to scale.
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insects can be seen in Fig. 3. Eggs from this stick insect were regularly collected during 
these infestations and two new species of chrysidid egg parasites, Exova tunana sp. n. 
and Cladobethylus insularis sp. n. described below were reared from the eggs. There is 
no information on the ecology of these parasitoids except for the rearing information.

There are seven named species of Cladobethylus and two species of Exova described 
prior to those described below (Kimsey and Bohart 1991, Kimsey 2011). The new spe-
cies of Cladobethylus described below is the second one recorded from New Guinea. 
Exova is known from northern Australia and Fiji, so it is not surprising to find a species 
in Papua New Guinea.

Materials and methods

Specimens were all reared by the second and third authors and their staff at PNGO-
PRA, Higaturu Centre, Northern Province, Papua New Guinea.

Types are deposited in the following museums and institutions: CANBERRA – 
Australian National Insect Collection, CSIRO, Canberra, ACT, Australia; DAVIS – 
Bohart Museum of Entomology, University of California, Davis, USA; KIMBE - Pap-
ua new Guinea, PNG Oil Palm Research Association Dami Research Station, Kimbe, 
West New Britain Province; LONDON – The Natural History Museum, London, 
England, and PORT MORESBY – the National Insect Collection, Port Moresby, 
Papua New Guinea.

Cladobethylus insularis Kimsey & Dewhurst, sp. n.
urn:lsid:zoobank.org:act:B4B4A207-A0D8-43E8-87D2-1E76C0F155E0
http://species-id.net/wiki/Cladobethylus_insularis
Figs 4–10

Holotype male. Papua New Guinea, Northern (Oro) Province, Higaturu, ex Eurycan-
tha insularis egg, second generation coll. 23/ii/2009, died 23/ii/2009 C. F. Dewhurst, 
No. 888 (LONDON).

Paratypes (17 males, 3 females): same data as holotype except: 1 male, 1st genera-
tion, em. (emerged) 28/xii/2008, died 5/i/2009, C. F. Dewhurst , No. 855; 1 male, 
1st generation, emerged 28/xii/2008, died 5/i/2009, S. Nyaure, No. 855; 1 female, 1st 
generation, emerged 8/ii/2008, died 14/ii/2008, C. F. Dewhurst, No. 833; 1 male, 1st 
generation, emerged 6/i/2009, died 17/i/2009, S. Nyaure, No. 869; 1 male, 1st gen-
eration, emerged 2/i/2009, died 9/i/2009, S. Nyaure, No. 862; 1 male, 1st generation, 
emerged& dead 22, 23, 25/i/2009, S. Nyaure, No. 875; 1 male, 2nd generation, coll. 
3/ii/2009, died 16/ii/2009, C. F. Dewhurst, No. 887; 1 male, Higaturu Oil Palms, 
coll. 8/v/2007, H9/vi/2007, C. F. Dewhurst, Nos. 823; 3 males, 2nd generation, coll. 
25/vii/2009, died 27/vii/2009, C. F. Dewhurst, No. 893, 894, 895; 1 male, 2nd gen-
eration, coll. 5/ii/2009, died 20/ii/2009, C. F. Dewhurst, No. 890; 1 male, 1 female, 
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2nd generation, coll. 26/i/2009, died 16/ii/2009, C. F. Dewhurst, No. 881, 882; 1 
male; 2nd generation, coll. 8/ii/2009, died 16/ii/2009, C. F. Dewhurst, No. 8923; 1 
male, 2nd generation, coll. 2/ii/2009, died 15/ii/2009, C. F. Dewhurst, No. 886; 1 
male, emerged 12/ii/2008, died 17/ii/2008, C. F. Dewhurst, No. 837; 1 female, 2nd 
generation, coll. 27/i/2009, died 21/ii/2009, C. F. Dewhurst, No. 883 (CANBERRA, 
LONDON, DAVIS, KIMBE, PORT MORESBY).

Diagnosis. This is the largest bodied species of Cladobethylus, with males averag-
ing twice the length of the known other species. Male insularis can be distinguished 
from aquilus, the only other species known from New Guinea by the longer malar 

Figures 4–5. Cladobethylus insularis, side views 4 Male 5 Female.

4.

5.
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space (4 midocellus diameters versus 3.5 in aquilus), pronotum not blue-tinted, much 
broader zone of cross-ridging in the scapal basin, legs brown instead of yellow (aqui-
lus) flagellomere I shorter (4.5× as long as broad versus 5× in aquilus) and flagellomere 
XI shorter (5× as long as broad versus 6× in aquilus). Features of female insularis not 
shared with other Cladobethylus include the bicolored antenna and legs, long clypeus 
(0.8 midocellus diameter long versus 0.3–0.6 midocellus diameters in other species), 
and narrow distance between the midocellus and nearest eye margin (up to 2 midocel-
lus diameters versus 2.6–2.7 midocellus diameters in the others).

Description. Male (Fig. 4). Body length. 5–7 mm.

Figures 6–10. Cladobethylus insularis 6–8 Male head 6 Front view 7 Lateral view 8 Dorsal view 9 Dor-
sal view of male mesosoma, wings removed 10 Front view of female face.
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Head (Figs 6–8). Face about as long as broad across the eyes; genal area without 
foveae; midocellus 1.8 diameters from ocular margin; hindocelli 4 diameters from 
posterior margin of vertex; scapal basin with narrow, longitudinal submedial band of 
cross-ridges; malar space 3.5–3.8 midocellus diameters; subantennal distance 1 mido-
cellus diameter long; flagellomere I 4× as long as broad; flagellomere II 2.8–3.0× as 
long as broad; flagellomere IX 5× as long as broad, flagellar setae 0.7 midocellar diam-
eter long; ocular setulae 0.4 midocellus diameter long.

Mesosoma (Fig. 9). Pronotum about as long as scutum; punctation on pronotum, 
scutum and mesopleuron large, deep and nearly contiguous punctuation, without 
scrobal sulcus or omaulus; scutellum polished with scattered tiny punctures; meta-
pleuron polished, impunctate.

Metasoma. Tergum I polished with few tiny highly scattered punctures; tergum II 
with two large ovoid patches of small punctures, 1 puncture diameter apart, separated 
medially by impunctate band and with broad apical impunctate band; terga III–IV 
with tiny punctures 1 puncture diameter apart, becoming sparser toward apical margin.

Color. Head, meso- and metasoma black with metallic bluish green highlights 
dorsally on head, pronotum and scutellum, sometimes faint on metasomal terga; 
mandible and antenna dark brown; legs light reddish brown, except coxae dark 
brown to black basally; wing membrane brown-tinted, darkest in vicinity of stigma; 
wing veins dark brown.

Female (Fig. 5). Body length. 4.5–5.5 mm. As in the male, except face (Fig. 10) about 
as long as broad across the eyes; malar space 3.6-3.8midocellus diameters; subantennal dis-
tance 0.8 midocellus diameter; flagellomere I 2.4× as long as broad; flagellomere II long as 
broad; flagellomere IX 1.3× as long as broad; scape, pedicel black, flagellomeres I–III white, 
remaining flagellomeres black; coxae, femora, mid and hindtibiae black basally, whitish 
apically; foretibia and tarsi brown; wing membrane brown-tinted with dark brown veins.

Etymology. The species is named after the host species.

Exova tunana Kimsey & Dewhurst, sp. n.
urn:lsid:zoobank.org:act:74C249EB-0312-4710-A9E1-178BEA990A75
http://species-id.net/wiki/Exova_tunana
Figs 11–18

Holotype male. Papua New Guinea, Northern (Oro) Province, Saiho Division (Tu-
nana), ex Eurycantha insularis egg, emerged 27/vii/2007, died 30/vii/2007, C. F. De-
whurst, No. 828 (LONDON).

Paratypes: 1 male, emerged 5/ii/2008, died 13/ii/2008, C. F. Dewhurst, No. 831; 
1 female, emerged 10/ii/2008, died 15/ii/2008, C. F. Dewhurst, No. 835; 1 female, 
Higaturu, 1st generation, coll. 2/vi/2008, died 12/vi/2008, C. F. Dewhurst, No. 841 
(CANBERRA, DAVIS, KIMBE, PORT MORESBY).

Diagnosis. This is the largest bodied species of Exova. Female tunana can be distin-
guished from fijiensis Kimsey by the long spine-like propodeal angle (a feature shared 
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Figures 11–13. Exova tunana, side views 11 Male 12 Female 13 Dorsal view of female Mesosoma.
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Figures 14–18. Exova tunana 14, 15, 18 Male head 14 Front view 15 Lateral view 18 Dorsal view 
16 Female head front view. 17 Dorsal view of male mesosoma, wings removed.

with tetraspina), which is conical in fijiensis. Female fijiensis can be distinguished from 
tetraspina by the more weakly produced medial propodeal projections and the highly 
polished and smooth metapleuron and propodeum. Male tunana can be distinguished 
from fijiensis by the shorter distance from the midocellus to ocular margin (2 mido-
cellus diameters or less in tunana versus 2.5 midocellus diameters in fijiensis), flagel-
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lomeres I and II equivalent versus I much longer than broad than II in fijiensis and the 
body with bluish green tints versus brassy in fijiensis.

Description. Male (Fig. 11). Body length. 5.0–5.5 mm.
Head (Figs 14, 15, 17). Face 1.0–1.2 × as long as broad across the eyes; face be-

tween scapal basin and vertex with punctures separated by about 1 puncture diameter; 
scapal basin with cross-ridged medial zone occupying one-third of area between in-
ner eye margins; midocellus 1.9 diameter from ocular margin; malar space 2.5 mido-
cellus diameters; subantennal distance 1 midocellus diameter long; flagellomeres I-II 
3.5–3.6× as long as broad; flagellomere IX 6x as long as broad; flagellar setae short, 
0.1 midocellus diameter long; ocular setulae minute or absent; postocular distance 0.4 
midocellus diameter wide.

Mesosoma (Fig. 18). Pronotum about as long as scutum; mesopleural punctures 
nearly contiguous, without scrobal sulcus or omaulus; metapleuron horizontally cross-
ridged.

Metasoma. Tergum I polished, nearly impunctate with scattered tiny punctures; 
terga II–IV with small punctures separated by 2–3 puncture diameters.

Color. Head, meso- and metasoma black with metallic bluish green tints dorsally; 
antenna black, legs pale yellow; wing membrane brown-tinted, veins dark brown.

Female (Fig. 12). Body length. 6–7 mm.
Head (Fig. 16). Face 0.9× as long as broad across the eyes in front view; scapal ba-

sin with medial one-half to one-third coarsely transversely striate, laterally with dense 
contiguous punctures; malar space 4.3 midocellus diameters; subantennal distance 1 
midocellus diameter; flagellum fusiform, broadest medially, flattened ventrally; flagel-
lomere I 2.8× as long as broad; flagellomere II 0.7× as long as broad; flagellomere IX 
1.2× as long as broad.

Mesosoma (Fig. 13). Apterous; pronotum and scutum densely longitudinally stri-
ate, pronotum 0.7× as broad as long, 1.4× as long as length of scutum plus scutellum; 
scutellum transversely striate.

Metasoma. Polished; tergum I with fine dense scratches in two touching postero-
medial patches, scratches parallel and curving laterally; tergum II with two anterome-
dial patches of dense curved scratches subtended by large medial patch of dense pos-
teriorly curved fine scratches; terga III and IV smooth with scattered tiny punctures.

Color. Body dark reddish brown, paler on side of scapal basin, mesopleuron medi-
ally, propodeal spines, legs and metasomal apex; apical flagellar segments yellowish 
beneath; coxae whitish.

Etymology. The species is named after the collection site in Northern Province, PNG.
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abstract
The genitalia of male ants are interpreted in the context of the broader Hymenoptera. For the first time 
muscle homologies are established for twenty six species of ants in nine subfamilies: Amblyoponinae, 
Cerapachyinae, Dolichoderinae, Ecitoninae, Ectatomminae, Formicinae, Leptanilloidinae, Myrmicinae 
and Ponerinae. Fifteen muscles in total are found in the external genitalia of male ants and all are ho-
mologous with the musculature of basal Hymenoptera (Schulmeister 2001). Secondary fusion, reduc-
tion or losses of muscles have occurred in different lineages. From generalized to derived, the functional 
morphology and qualitative mechanics of three taxa, Formica obscuripes Forel 1886, Messor andrei Mayr 
(1886) and Labidus coecus Latreille (1802) are described and compared. Special reference is made to the 
Ecitoninae, where the work of Birket-Smith (1981) is reinterpreted and volsellar homology is clarified. 
The true digitus of Labidus is revealed to be a small sclerite at the base of the distal volsellar element which 
is re-identified as the cuspis.

Keywords
Anatomy, army ants, kinesiology, morphology, reproductive biology

introduction

Insect male genitalia are spectacular mechanical adaptations with diverse morphology and 
function. Examples of this diversity include the twin hypodermic intromittent organs of 
the Drosophila bipectinata complex (Kamimura 2007), the sperm scoopulas of Odonata 
(Córdoba-Aguilar et al. 2003), ‘Symphytan’ suction cups (Schulmeister 2001), the copu-
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latory hooks of Metrioidea (Chrysomeloidea; Flowers and Eberhard 2006), and genitalia 
modified as stridulatory instruments for courtship (Micronecta, Corixidae; Sueur et al. 
2011) or for stridulation in copulo (Tipula, Tipulidae; Eberhard and Gelhaus 2009). The 
diversity of male genitalia may also be cryptic and in the realm of functional morphology. 
For example, male Drosophila melanogaster with ablated genital clasper mechanosensory 
sensillae were found to copulate less frequently, and unilaterally ablated males mounted 
females skewed contralaterally from the typical position (Acebes et al. 2003).

The morphology and mechanics of male ant genitalic musculature remain unde-
scribed for all ~12,000 species of ants (Bolton 1995), with the exception of Labidus 
coecus, Dorylus (Anomma) funereus (Birket-Smith 1981), and Myrmica kotokui Forel 
1911 (Ogata 1991). The function of ant genitalic valves has been described from pri-
mary observations for few taxa (Allard et al. 2002, 2006; Baer and Boomsma 2006), 
while the entire sequence of copulation has never been reported; a composite descrip-
tion is as follows. Copulation of all non-‘Symphyta’ Hymenoptera is orthandrous (i.e. 
male atop female, facing same direction; Schulmeister 2001), which holds true for 
ants. Males of Carebara vidua F. Smith 1858 and Plectroctena mandibularis F. Smith 
1858 were observed to use their genitalia to probe the apex of the female’s gaster while 
grasping her with his legs (Robertson and Villet 1989; Villet 1999). Probing is likely 
a general requisite of ant copulatory behavior (Ross 1982; Schulmeister 2001) fol-
lowed by penetration which may be via the penisvalvae apices, the digiti or both. The 
penisvalvae of the aedeagus anchor the male inside of the female’s bursa copulatrix or 
the mussel organ of Atta (Baer and Boomsma 2006), sometimes causing female scar-
ring (Kamimura 2008) while the endophallus is putatively everted (Allard et al. 2002; 
although see Schulmeister 2001). The typically opposable digitus and cuspis have been 
observed to clasp the terminal female sternite in a ponerine Diacamma sp. (Allard et 
al. 2002). The parameres serve as a clamp-type attachment mechanism (Gorb 2008; 
Ogata 1991; Schulmeister 2001), potentially enhanced by wet adhesion from a puta-
tive telomeral gland (Francoeur 1988). The male will often release grasp the female 
and hang on to her by his genitals only (Robertson and Villet 1989) and will remain 
anchored within the female in this position during a variable period of time until 
copulation is terminated (Hölldobler and Wilson 1990; Foitzik et al. 2002).

Knowledge of genitalic functional morphology contributes to our understanding 
of the sexual selection pressures which act on these organs (Eberhard 2010) and may 
possibly be used to make predictions about the reproductive biology of ants. This is of 
significance given the effects of mating systems (Boomsma et al. 2005), paternity as-
surance (Baer 2011; Baer and Boomsma 2006) and polyandry (Hughes and Boomsma 
2007; Robinson and Page Jr. 1989) on social dynamics. Furthermore, understanding 
male ant morphology is important for taxonomy (Fisher 2009; LaPolla et al. 2012; 
Yoshimura and Fisher 2012) and systematics (LaPolla 2004; Brady and Ward 2005). 
Thus the musculature and gross morphology of male ant genitalia represents an appeal-
ing and untapped source for new, potentially useful morphological characters (Keller 
2011; Schulmeister 2003; Song and Bucheli 2010), which may also serve as synapo-
morphies for clades identified via molecular techniques.
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The goal of this paper is to discuss the homologies of male ant genitalic muscu-
lature in the context of the broader Hymenoptera and to provide descriptions of the 
functional mechanics of three distinct forms. The work of Schulmeister (2001, 2003) 
has identified and clarified the muscular homologies within the basal Hymenoptera, 
or the paraphyletic ‘Symphyta’ (Sharkey 2007). While the external genitalia of male 
ants have been characterized for several subfamilies (Ogata 1991; Yoshimura and 
Fisher 2009, 2011, 2012; Yoshimura and Onoyama 2002), musculature has been 
completely overlooked excepting Birket-Smith (1981) and Ogata (1991), the former 
of which is here reassessed.

Materials and methods

All specimens examined in this study were from the author’s personal collection 
(BEBC) or the Longino collection (JTLC, University of Utah). Collections in 95% 
ethanol were made in Central America, and in the states of Arizona, California, Ten-
nessee and Washington. Specimens were softened by boiling in water for 2–5 minutes. 
Dissections were carried out in petri dishes, with or without wax and minuten pins. 
A Leica MZ16 microscope with maximum magnification of 115× and mounted with 
a JVC Digital Camera KY-F708 3-CCD was used for dissections. Micrographs were 
generated for illustration using Auto-Montage Pro Syncroscopy (Synoptics Ltd., Fred-
erick, MD USA) software. For especially small males, temporary mounts of minute 
sclerites and musculature were prepared for observation with a Leica DME compound 
microscope using glycerin as the mounting medium.

General hymenopteran terms preferred by the Hymenoptera Anatomy Ontology 
(Yoder et al. 2010) are used when homology is clear (Table 1). For an overview of 
terms applied to the genitalia of ants and other Hymenoptera, refer to Yoshimura and 
Fisher (2011) and Schulmeister (2001). Walker Jr. and Liem’s (1994) concepts of 
origin and insertion are used when discussing musculature: origins are broad anchor-
ing attachments; while insertions are the narrow, usually distal or posterior, ends of 
muscles which transfer force to a movable element. The muscles of hymenopteran male 
genitalia are named alphabetically (Boulangé 1924; modified by Schulmeister 2001): 
anterior to posterior, ventral to dorsal, medial to lateral; starting with sternum IX and 
ending with the muscles of the parameres. Thus lettering begins on the anteroventral 
apex of sternum IX with muscle a and ends, in the Formicidae, with the intrinsic mus-
cle t of the parameres.

The mechanics of sclerite movement were assessed qualitatively by examining the 
angles of muscular origin and insertion, and the attachment or position of the sclerite 
relative to the local components of the genital capsule. Simple physical models were 
used to predict the mechanics of muscular contraction and element movement. For-
mica obscuripes Forel 1886, Messor andrei Mayr (1886) and Labidus coecus Latreille 
(1802) were chosen as models for functional morphology because their genitalia are 
well developed, represent cases of relatively generalized to specialized morphology, and 
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Table 1. Anatomical terms of the external genitalia used herein, excluding specific membrane and ap-
odeme names. Hymenoptera Anatomy Ontology (HAO) Uniform Resource Identifiers (URIs) link to 
concept definitions. Synonyms discussed or used are indicated.

Term HAO URI Synonyms 
Aedeagus http://purl.obolibrary.org/obo/HAO_0000091
Apex gonostipitis http://purl.obolibrary.org/obo/HAO_0000134
Apodeme http://purl.obolibrary.org/obo/HAO_0000142
Apophysis http://purl.obolibrary.org/obo/HAO_0000143
Cupula http://purl.obolibrary.org/obo/HAO_0000238 Basal ring
Basivolsella http://purl.obolibrary.org/obo/HAO_0001085
Digitus http://purl.obolibrary.org/obo/HAO_0000385
Cuspis http://purl.obolibrary.org/obo/HAO_0000239 Distivolsella
Endophallus http://purl.obolibrary.org/obo/HAO_0000291
Foramen genitale http://purl.obolibrary.org/obo/HAO_0000346
Genital capsule http://purl.obolibrary.org/obo/HAO_0000312
Gonocondyle http://purl.obolibrary.org/obo/HAO_0000380
Gonopore http://purl.obolibrary.org/obo/HAO_0000821
Basimere http://purl.obolibrary.org/obo/HAO_0000386 Gonostipes
Gonostipital arm http://purl.obolibrary.org/obo/HAO_0000387
Telomere http://purl.obolibrary.org/obo/HAO_0000395 Harpe
Paramere http://purl.obolibrary.org/obo/HAO_0000389
Parossiculus http://purl.obolibrary.org/obo/HAO_0000703
Penisvalva http://purl.obolibrary.org/obo/HAO_0000707
Phallotrema http://purl.obolibrary.org/obo/HAO_0000714
Spiculum http://purl.obolibrary.org/obo/HAO_0000946
Valviceps http://purl.obolibrary.org/obo/HAO_0001047
Valvura http://purl.obolibrary.org/obo/HAO_0001050
Volsella http://purl.obolibrary.org/obo/HAO_0001084

among these three taxa all the observed genitalic muscles of male ants are represented. 
The more complicated movements described here should be treated as predictions to 
be tested either via direct observation of copulation or via neuroethological studies.

Results and discussion

Genitalic morphology (Figs 1–17)

External genitalia (Figs 1–16)

The external genitalia of ants are composed of five elements: sternum IX, the cupula, 
and the paired valves of the penisvalvae, volsellae, and parameres (Figs 1–4). Sternum 
IX (Fig. 4) is produced anteromedially into a process called the spiculum (Schulmeister 
2001) and has a cranial apodeme traversing the mesal face (Forbes 1967; Forbes and 
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Hagopian 1965), which may be a modified sternal antecosta. The term cupula is pre-
ferred over basal ring, as the latter refers to non-homologous structures in the Protura 
and Diptera (Tuxen 1970). The cupula (Figs 1, 2, 5–7) is a hymenopteran synapomor-
phy (Sharkey 2007) and is variable in form for ants. The anterior opening of the cupula 
is the foramen genitale (Fg, Figs 5–7; Schulmeister 2001), and is constricted to varying 
degrees across different lineages. In the ecitonines, the foramen genitale is reduced to 

Figures 1–4. Genital capsule and sternum IX habitus and musculature. 1 Formica obscuripes lateral 
oblique view, 0.5 mm 2 Messor andrei dorsal view, 0.5 mm 3 Labidus praedator dorsal view, 1.0 mm 
4 F. obscuripes sternum IX anterior-to-posterior oblique mesal view, 0.5 mm. Abbreviations: Bm basi-
mere; Cr cranial apodeme of sternum IX; Cs cuspis; Cu cupula; Di digitus; Dl dorsolateral apodeme of 
cupula; Do dorsal apodeme of cupula; Lc lateral apodeme of cupula; Lm valviceps lamina; Ma macula-
tion; Pm penisvalva membrane; Pt phallotrema; Sp spiculum; Te telomere; Tm telomeral membrane; 
Vm volsellar membrane; Vu valvura. Muscles: a b c d e f g h i j k l p qr t; insertion of muscle ‘x’: xi; 
origin of muscle ‘x’: xo.
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a miniscule aperture through which only the ductus ejaculatorius and tracheae pass 
(Fig. 6). In all ant taxa I examined, the ventral gonocondyle (Schulmeister 2003) of 
the cupula was absent.

Lateral to medial, the three paired valves are the parameres, volsellae, and penisval-
vae (Figs 2 and 3). Homology of the parameres of the Formicidae with those of other 
Hymenoptera is reasonable, as the following complex characters are shared: 1) at least 
four of the five penisvalvae muscles attach to the basimeres; 2) an intrinsic muscle has 
an origin in the basimere and inserts in the telomere; and 3) a membrane is present 
at the telomere articulation with the basimere. It should be noted that this telomeral 
membrane is variable in development for the Formicidae, from well-developed to ab-

Figures 5–8. Muscles of the genital capsule and sternum IX. 5 Formica obscuripes genital capsule ante-
rior-to-posterior view, 0.5 mm 6 Neivamyrmex longiscapus lateral view, 1.0 mm 7 Messor andrei genital 
capsule anterior-to-posterior view, 0.5 mm 8 F. obscuripes volsella and paramere mesal view, with all 
penisvalvar muscles removed except l, 0.5 mm. Abbreviations: Ad anterodorsal apodeme of basimere; 
Al  anterolateral apodeme of basimere; Ap apex gonostipitis; Av anteroventral apodeme of basimere; 
Ba basivolsellar apodeme; Bm basimere; Bv basivolsella; Cs cuspis; Cu cupula; Dl dorsolateral apodeme 
of cupula; Do dorsal apodeme of cupula; Eb endophallic bladder; Fg foramen genitale; Ga gonostipital 
arm; Lc lateral apodeme of cupula; Pv penisvalva; Te telomere; Vc valviceps; Vo volsella. Muscles: a b c d 
e f g h i j k l p qr t; insertion of muscle ‘x’: xi; origin of muscle ‘x’: xo.
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sent across numerous clades (Yoshimura and Fisher 2011). Thus the specific homology 
of the telomere with the basal hymenopteran harpe is dubious; therefore the applica-
tion of “basimere” and “telomere” is preferable over “gonostipes” and “harpe” for ant 
genitalia. The parameres of ants are thus composed of a dish-like basimere and distal 
telomere (Figs 1 and 3). A ventromedial extension of the basimere is the origin site 
of several volsellar and penisvalvar muscles, and is termed the gonostipital arm (Ga, 
Fig. 8); this structure is not a synapomorphy of the Myrmicinae as claimed by Ogata 
(1991) because the gonostipital arm is present in other ant subfamilies (this study) and 
in many other hymenopteran lineages (Schulmeister 2001, 2003). The volsella, anoth-
er hymenopteran synapomorphy along with the cupula (Sharkey 2007), is composed 

Figures 9–12. Volsella muscles and morphology; the parossiculus is composed of the basivolsella and 
distivolsella. 9 Formica obscuripes ventral view; inset mesal with digitus removed, dorsal left; both 0.5 
mm 10 Messor andrei mesal view, dash indicates base of twisted lamina and part of setose ridge; inset 
dorsal; both 0.2 mm 11 Labidus coecus mesal view, 1.0 mm 12 Neivamyrmex longiscapus lateral view, 0.5 
mm. Stippling on 9 and 12 indicate setal bases. Abbreviations: Bm basimere; Bv basivolsella; Ca cuspal 
apodeme; Cs cuspis; Di digitus; Vm volsellar membrane. Muscles: p qr t; insertion of muscle ‘x’: xi; origin 
of muscle ‘x’: xo.
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of the digitus which is basolaterally articulated with the parossiculus (Figs 8–12). The 
parossiculus is generally divided into the basivolsella and cuspis (= distivolsella, Figs 
9–11). As the volsella is unique to the Hymenoptera, term preference is ambiguous; 
however, given that distivolsella has never been applied to Formicidae, I propose that 
“cuspis” be maintained. The cuspis is usually setose (Schulmeister 2001); this is indeed 
the case for all ant taxa examined (Cs, Figs 9–12).

Although the term aedeagus has a long history and is frequently used in the myr-
mecological literature to describe the middle-most valves (Brown Jr. 1960; Serna and 
Mackay 2009; Smith 1942; Taylor 1965; Yoshimura and Fisher 2012), this term is 
correctly applied to the whole intromittent apparatus which includes the sclerites, or 
penisvalvae, and the endophallus. The term “penisvalva” is preferred over “aedeagal 
plate” as the former term is virtually restricted to and broadly used for the Hymenop-
tera and represents the homology of the sclerite in question between ants and other 

Figures 13–15. Penisvalva muscles and morphology. 13 Formica obscuripes ectal view, 0.5 mm 14 Mes-
sor andrei ventral, 0.2 mm 15 Labidus coecus ectal view, ki is on mesal face of valvura, 1.0 mm. Abbrevia-
tions: Lp lateral apodeme of penisvalva; Vc valviceps; Vu valvura. Muscles: h h’ i j k l; insertion of muscle 
‘x’: xi; origin of muscle ‘x’: xo.
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hymenopterans, while the latter term is used for non-homologous structures among 
several insect orders (“penisvalva” e.g. Apoidea, Pesenko and Astafurova 2006; “Para-
sitica”, Karlsson and Ronquist 2012; Vespoidea and ‘Symphyta’, Schulmeister 2003; 
“aedeagal plate” e.g. Hemiptera: Rivers 1948; Diptera: Amorim 2007; Hymenoptera: 
Ogata 1987). The homologies of the cranially-directed apophysis and the distal com-
ponent of the ant penisvalva with the valvura and valviceps are highly likely; the loca-
tion and musculature of the apophysis are equivalent to those in the basal Hymenop-
tera and Aculeata (Schulmeister 2003). I thus adopt the terms valvura for the arm-like 
apophysis and valviceps for the distal component of the penisvalva (Figs 13–15; Schul-
meister 2001). The penisvalvae are joined mediodorsally via a tough membrane (Pm, 
Figs 2 and 3), and an aedeagal gland is present in various forms between the valves (not 
figured; Hölldobler and Engel-Siegel 1982). A lower oblique carina (Ward 2001) is 
present in some taxa along the ectal face of the valviceps (Lp, Figs 13–15), forming a 
channel-like groove in formicines. Forbes (1952) hypothesized that the channel func-
tions as a “sperm gutter”; this seems unlikely as the channel is separated from the phal-
lotrema by the blade of the valviceps. I hypothesize that the lower oblique carina func-
tions as an arch, transferring the force of the pensivalvar muscles to the valviceps apex.

Internal genitalia (Figs 16 and 17)

As the aedeagus is the interface between the internal and external genitalia, a general 
description of the internal genitalia is warranted (Fig. 16). Spermatozoa are produced 
in the follicles of the paired testes and pass through the vas deferens (Snodgrass 
1935; Schulmeister 2001) into the vasicula seminalis where they are kept until copu-
lation. The two vasiculae seminalae join together into the ductus ejaculatorius which 
opens into the endophallic bladder via the gonopore (Fig. 17; Snodgrass 1935). The 
endophallic bladder was formerly known as the aedeagal bladder, but it is definitely 
a component of the endophallus (Snodgrass 1935); its function remains unknown 
(Ball and Vinson 1984; Ball et al. 1984). A sclerite is present in the ductus ejacu-
latorius which has been identified as the fibula ducti in ‘Symphyta’ (Schulmeister 
2003), the wedge in Neivamyrmex (We, Fig. 16; Forbes and Do-Van-Quy 1965) and 
sperrkeil in Formica rufa (translates contextually to keel-shaped valve, Clausen 1938). 
Although this sclerite was found in most taxa examined, it was not homologized 
across the Hymenoptera or among ant subfamilies as its morphology was not explic-
itly examined. The endophallus opens externally via the phallotrema at the bases or 
the dorsal apices of the penisvalvae (Pt, Fig. 3).

Musculature

The homology of genitalic musculature for each species examined is summarized in 
Table 2. Fifteen total muscles were observed among the examined ant taxa. Consider-
able variation exists in the morphology of tergites IX and X, but as these are not primary 
components of the genitalia these were excluded from this investigation. Three muscles, 
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a, b and c, have their origins on sternum IX and insert on the cupula (Figs 4, 5–7). 
Muscle a is paired and originates on the spiculum from which it diverges to the vent-
rolateral margin of the cupula, except in the ecitonines where a is inserted in a median 
groove ventrad to the reduced foramen genitale. The origin of the unpaired muscle b is 
along the cranial apodeme; the muscle converges anteriorly to its ectal insertion on the 
medioventral margin of the cupula. Each element of the paired muscle c originates on an 
anterolateral lobe of the sternum and inserts on the ventrolateral margin of the cupula.

Four muscles, d, e, f, and g, have their origins on the cupula (Figs 1–3, 5–8). Mus-
cles e, f, and g are paired, while d is unpaired. The origins of the cupula muscles are usu-
ally associated with an apodeme: muscle d with the ventral, e with the lateral, f with the 
dorsolateral and g with the dorsal apodeme (Figs 1, 2, 6). In general the gonostipital 
arms, or anteromedian projections of the basimeres, receive the insertions of d on the 
ventral margin and e ventrolaterally (Figs 1, 5, 7, 8). Both f and g insert ectally on the 
basimere, f on the lateral margin and g on the dorsal margin (Figs 1–3, 5–8). Loss of 
cupula muscles was observed for three species: Atta cephalotes L. (1758), Crematogaster 
nigropilosa Mayr 1870, and Leptanilloides sp. in which the cupula is reduced to a thin 
strip with only muscle e present. Muscles f and g are fused in Pheidole californica Mayr 
1870, and muscle d could not be confirmed for Hypoponera opacior Forel (1893), Od-
ontomachus chelifer Latreille (1802), and Cerapachys nr. augustae.

In total, five penisvalva muscles (Figs 13–15) were found; h, i, j, and k were con-
sistently present except in the reduced genitalia of Leptanilloides sp. (Table 2), while l 
was lost in disparate taxa. These muscles are paired, with one element of each associated 
with a left or right penisvalva. Three of the penisvalva muscle origins are on the mesal 
face of the basimere: i on the ventral, j on the dorsolateral, and k on the dorsomedian 
face (j, k Figs 1–3; i Fig. 8). The origin of muscle h is variable, in some cases spanning 
the apices gonostipitum to the ventral apodeme of the cupula. Although the dorsome-

Figures 16–17. Internal genitalia. 16 Formica obscuripes ventral oblique view, 1.0 mm 17 Labidus 
coecus ductus ejaculatorius with wedge sclerite ventral view, 0.5 mm. Abbreviations: Vs vasicula seminalis; 
Ag accessory gland; De ductus ejaculatorius; Eb endophallic bladder; Gc genital capsule; Gp gonopore; 
Sp spiculum; Te testis; We wedge sclerite. Muscle: a.
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dial basimeral area where k originates has been termed the parapenis in basal Hyme-
noptera (Schulmeister 2001), this term is not used for the Formicidae due to uncertain 
homology. Muscle l has its origin on the basal dorsomedian area of the telomere (Figs 
3 and 8). The insertions of h and j are on the ventral and dorsal faces of the valvura 
apices, respectively. Muscles i and l are inserted on the penisvalva lateral apodeme (Figs 
13–15; Ward 2001), an equivalent structure to the ergot of basal hymenoptera (Schul-
meister 2001). Finally, k is mesally inserted on the base of the valvura or the valviceps 
(Fig. 15).

Table 2. Muscle presence or absence per taxon. Only muscles recorded from the Aculeata are included. 
0 absent; 1 present; 2 fused; ? presence/absence unconfirmed; ‡ Amblyoponinae; § Cerapachyinae; | Doli-
choderinae; ¶ Ecitoninae; # Ectatomminae; †† Formicinae; ‡‡ Leptanilloidinae; §§ Myrmicinae; || Ponerinae; 
¶¶ Sphecidae and ## Vespidae (final two from Schulmeister 2003). Note: Myrmica kotokui data coded from 
Ogata (1991) in which the following muscles were mislabeled: f, i, j, k, qr, t.

Species
Muscles

a b c d e f g h i j k l o p qr t
Prionopelta nr. modesta‡ 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1
Cerapachys nr. augustae§ 1 1 1 ? 1 1 1 1 1 1 1 1 0 1 ? 1
Cylindromyrmex brevitarsus§ 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 1
Dolichoderus bispinosus| 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
Eciton lucanoides¶ 1 ? 1 1 1 1 1 1 1 1 1 1 0 1 1 0
Labidus coecus¶ 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 0
Labidus praedator¶ 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 0
Neivamyrmex longiscapus¶ 1 1 1 1 1 1 1 1 1 1 1 ? 0 1 1 0
Nomamyrmex eisenbeckii¶ 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0
Gnamptogenys mordax# 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0
Camponotus sansabeanus†† 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1
Camponotus atriceps†† 1 1 ? 1 1 1 1 1 1 1 1 0 0 1 1 1
Formica obscuripes†† 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
Prenolepis imparis†† 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1
Leptanilloides sp. ‡‡ 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 1
Aphaenogaster nr. rudis§§ 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0
Atta cephalotes§§ 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 0
Crematogaster nigropilosa§§ 1 1 1 1 0 1 1 1 1 1 1 0 0 1 1 1
Messor andrei§§ 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1
Myrmica kotokui§§ 1 ? 1 1 1 1 1 1 1 1 1 ? 0 1 1 1
Pheidole californica§§ 1 1 1 1 1 2 2 1 1 1 1 0 0 0 1 0
Hypoponera opacior|| 1 1 1 ? 1 1 1 1 1 1 1 0 0 0 1 0
Leptogenys donisthorpei|| 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0
Odontomachus chelifer|| 1 1 1 ? 1 1 1 1 1 1 1 1 0 1 1 0
Platythyrea prizo|| 1 1 0 ? 1 1 1 1 1 1 1 1 0 1 1 0
Sceliphron caementarum¶¶ 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0
Dolichovespula adulterina## 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 0
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Across the taxa examined there was great variation in the form of the volsellae, 
with concomitant variation in the presence and form of the two muscles, p and qr 
(Figs 9–11) which both insert on the cuspal apodeme. Similar to the penisvalvar 
muscles, the volsellar muscles are paired with one element of each associated with a 
left or right volsella. Muscles m, n, o, s, and si (Schulmeister 2001) were not present 
in the examined taxa, and were presumably lost in the ancestral ant lineage or earlier. 
Muscle p has its origin on the internal lateral face of the basimere. Reduction of the 
cuspis and loss of p was observed in Aphaenogaster nr. rudis, Messor andrei, Pheidole 
californica and Hypoponera opacior. This contrasts with the intrinsic volsellar muscle 
qr which was present in all but two taxa examined, and could not be confirmed for 
a third. The origin on qr is on the basivolsellar apodeme.

A single intrinsic muscle of the paramere, t, was found in several of the taxa exam-
ined. Muscles u and v (Schulmeister 2001) were never present. Muscle t is paired, with 
the left or right element originating anterolaterally on the respective basimere (Fig. 
8) and inserting on the telomeral corium (Fig. 1). Presence of t was inconsistent; in 
the present dataset, loss is associated with telomere fusion to the basimere, in reduced 
genitalia, and with change in telomere function. In these circumstances, other muscles 
including the volsellar p and penisvalvar j are hypothesized to affect the grasping capac-
ity of the parameres via elastic forces.

Functional morphology

Formica obscuripes Forel, 1886

Among the taxa examined this species has relatively generalized genitalia, with all 
fifteen muscles present and without extreme modifications of the sclerites. The three 
muscles of sternum IX, a, b, and c, are present in this species (Figs 4 and 5). Simulta-
neous contraction of both elements of a contracts the genital capsule into the gaster 
to varying degrees. Antagonistic contraction of either the left or right element of a 
adducts the genital capsule towards the respective side, an action which is synergistic 
with the genital capsule protractor b. Muscle c inserts ventrolaterally on the ventral 
apodeme of the cupula, above the insertions of a and b (Fig. 5), and torques the geni-
tal capsule via elevation of the basal margin of the cupula toward the muscle’s origin.

Muscles of the cupula rotate the genitalic valves within the cupula similarly to 
a ball-in-socket mechanism. Each muscle is inserted on the anterior margin of the 
basimere except for d, which inserts on the anteroventral face of the endophallic blad-
der (Figs 5 and 8). Muscle e adducts the valves ventrally, while g acts antagonistically 
to elevate the apices while contracting the valves. Muscle e also adducts the telomere to 
the mediosagittal plane by drawing the medioventral apices of the basimeres dorsolat-
erally. Contraction of f may affect torsion of the valves.

All five muscles of the penisvalvae are present in this species (Fig. 13). The penisval-
vae can move independently along the mediosagittal plane and are capable of rotation, 
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pivoting on their lateral apodemes. Elevation of the valviceps is caused by contraction 
of h, while depression is caused by j. Muscle k is inserted basally on the valviceps and 
may dig the basal teeth into the female’s bursa copulatrix (Kamimura 2008) by draw-
ing the valviceps anterad and adducting the apices ventrally. Rhythmic contraction of i 
may enhance this hypothetical function in order to gain greater purchase in the female 
via a motion analogous to mastication. Muscle l abducts the valviceps ventrolaterally 
swinging the apices apart, potentially to allow passage of ejaculate during copulation 
or to remove the sharply curved valviceps teeth from the female.

Two muscles, p and qr, are attached ectally and mesally to the cuspal apodeme of 
the volsellae, respectively, and act antagonistically to open or close the cuspides (Fig. 
9). Adduction of the cuspis to the digitus is caused by contraction of qr, which bends 
the volsellar plate toward the penisvalvae while drawing the cuspal apex toward the 
digitus. The antagonistic abduction of the cuspis is induced by p, which extends later-
ally to the basimere from the ectal face of the cuspal apodeme (Figs 8 and 9).

The single intrinsic muscle of the paramere, t, is relatively well developed in this 
species. Contraction of t flexes the telomere ventrally via folding of the telomere cori-
um. Upon relaxation of t, the elastic force of the sclerotic bridge between the basimere 
and telomere sclerite erects the telomere. Flexion of the telomere may also be affected 
by the penisvalvar muscle j which has a major portion of its origin along a mediodorsal 
inflection of the basimere. Intense contraction of j may roll the telomere ventrally via 
torsion of the inflection ectally, while also flexing the penisvalvae ventrally; this may 
function to strengthen the clamp-hold of the female.

Messor andrei Mayr, (1886)

With the loss of p, fourteen of the fifteen genitalic muscles are found in this species. 
Although the foramen genitale is somewhat constricted (Fg, Fig. 7), the muscular 
function of the cupula and sternum IX are not distinct enough from Formica obscuripes 
to warrant separate discussion. The clasping function of the paramere is maintained 
despite the replacement of most of the telomere corium by sclerite. In this case, there 
is very little telomere flexion. Rather, t adducts the apices of the telomere toward the 
mediosagittal plane while pulling the medioventral faces dorsally. The mesal face of 
the telomere has a cup-like lamina which, coupled with hypothetical secretions of the 
telomeral gland, may enhance the male’s grasp on the female.

The valviceps is produced dorsally with a laterally-produced lamina (Lm, Fig. 2) 
which is divided into anterior and posterior lobes by a constriction, making the valvi-
ceps similar in shape to an anvil. The dorsal laminae may function as a passive anchor 
in the female’s bursa copulatrix while the aedeagus is intromittent. Between the two 
valviceps, an ellipsoid chamber is formed with the penisvalvar membrane closing it 
dorsally. I hypothesize that this chamber acts as a mechanical sperm pump, forcefully 
pulsing ejaculate out of the anterior-directed phallotrema via contraction of l, which 
spreads the valviceps bases. Contraction of j may synergistically contribute to this hy-
pothetical action via rotation around a vertical axis placed at the dorsal constriction, 
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drawing the dorsal posterior lobes together while spreading the anterior lobes and 
valviceps apices ectally. Muscle j also adducts the valviceps ventrally. The basal wall 
of the valviceps, where k is inserted, is inflected dorsally and ventrally into a rough 
parabola with its vertex pointed anteriorly. This inflection divides k into dorsal levator 
and ventral contractor halves. Motion of l and k together may pull the valviceps anter-
oventrally, potentially digging the valviceps teeth into the female. Muscle h has most, 
if not all, of its origin along the endophallic bladder.

Clasping is not the function of this species’ modified volsella (Fig. 10), since the 
digitus is completely fused with the setose cuspal shaft, and is in the form of a crescent 
with a basal flange and apical process. The apical component of the cuspis is reduced 
to a small ellipsoid plate that articulates with the digitus laterally (Cs, Fig. 10, inset). 
Muscle p has been functionally replaced by qr which is divided into dorsal and ventral 
halves by the flange-like basivolsellar apodeme (Ba, Fig. 10). The dorsal margin of the 
cuspis is produced into a lamina which twists ~180° around the basal-distal axis. The 
reduced cuspis apex acts as a pivot for rotation of the digital crescent, while the twisted 
lamina provides strength and elastic flexibility for torsion of the volsella. Ventral con-
traction of qr in the left volsella rotates the apex of the digitus medioventrally clock-
wise, while dorsal contraction rotates the digital flange dorsolaterally counterclock-
wise. Thus qr has a fine-tuned forward and reverse function via differential contraction 
of the dorsal or ventral sides coupled with the elastic torsion of the cork-screw cuspis. 
The copulatory function is hypothesized to be prying the terminal plates of the female 
open, akin to a lock-pick, via insertion of either the digitus or digital flange into the 
female followed by lifting or depressing torsion.

Labidus coecus Latreille, (1802)

The genitalia of Labidus have been greatly modified in form relative to the non-
ecitonine taxa examined. Sternum IX is produced apically into a bifid lobe and 
muscle c is absent. An external longitudinal groove extends along the ventral face of 
the egg-shaped cupula (Cu, Fig. 8) and receives the insertions of muscles a and b. 
The origin of b has migrated up the anterolateral lobes of the sternum; the muscle 
extends mesally to its insertion in the ventral groove just posterad the insertion of 
a, which is ventrad the foramen and is longitudinally elongated. This elongation 
of a along the curvature of the cupula prevents pronounced dorsal or ventral pitch 
during contraction of a. Muscle b may either torque the capsule contralaterally with 
contraction of the left or right half, or both halves together may adduct the apices of 
the genital valves ventrally.

Contrary to the arguments of Birket-Smith (1981), I found the cupula muscles of 
Labidus to have clear homology with the pleisiomorphic muscles d, e, f, and g (Fig. 4). 
Birket-Smith (1981) suggests that muscles e, f and g have been lost during the evolu-
tion of Labidus to be replaced by a “vaguely differentiated muscle, d’.” I disagree with 
this interpretation: the muscular origins are identical with respect to association with 
cupula apodemes (Do, Dl, Lb, Fig. 4) while the muscles themselves are distinguish-
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able by seams between the bundles. Moreover, the insertions on the apodemes of the 
basimeres are relatively distinct (Ad, Ac, Av, Fig. 6), especially that of g which is broad-
est medially and tapers laterally. The lateral basimere apodeme is emarginate between 
the insertion of f on the dorsal and e on the ventral half. Muscle d is inserted on a 
cranially-directed anteroventral process of the gonostipital arm.

Contraction of the cupula muscles may cause splaying and movement in the me-
diosagittal plane. The cupula of all ecitonine species investigated is extremely strong 
and well-constructed to withstand the forces applied to it internally. A tall longitudinal 
apodeme is present along most of the length of the ring, from the foramen genitale to 
the apices gonostipitum. This apodeme may function as a strut, strengthening the cu-
pula from the antero-posterior compression forces exerted by the cupular muscles. The 
anteroventral processes of the basimeres are extended anteriorly to a greater magnitude 
than the dorsal margins of the basimeres. Thus the dorsal margins of the basimeres act 
as a fulcrum for a third-order lever: synergistic contraction of d and e act as in-forces and 
cause the apices of the genitalic valves to swing ventrally. As muscle e converges mesally 
from its ventrolateral origin, it may also be able to fine-tune the yaw of the adduction 
motion. Muscle f contributes primarily to the spreading of the genitalic valves around a 
vertical axis of rotation between the apices gonostipitum and the bases of the valviceps.

With respect to the penisvalva muscles, Birket-Smith (1981) discussed a muscle he 
termed h’. This is not a novel muscle; rather it is the well-developed posterior portion 
of muscle h which extends into the basimere. This portion may be seen in several other 
taxa, including Formica obscuripes in which h is not fully divided. Muscle k has the 
typical origins and insertions on the dorsal anteromedian faces of the basimeres (Fig. 3) 
and mesal face of the valvurae (Fig. 15). Muscle h has its origin across the length of the 
cupula on the cupula’s anterior wall, opposite the insertion of a. The origin of i extends 
from the ventromedial to the anterolateral face of the basimere. This lateral projection 
was interpreted by Birket-Smith (1981) to be the only component of i. Comparison 
with Formica obscuripes again clarifies the homology, as muscle i of the formicine may 
be seen to extend to the lateral face of the basimere as well.

Four of the five penisvalva muscles seem to act synergistically by contributing 
forces to the ventral adduction of the penisvalva apex, while only h acts antagonisti-
cally. The muscles all act as in-forces for moving the penisvalva as a lever and may be 
conveniently grouped by the order of their lever mechanism: muscle h as first-order 
dorsal adductor; muscles k and j as first-order and i as a third-order ventral adductor. 
Besides contributing to ventral or dorsal adduction, h antagonistically closes or spreads 
the ventral apices of the penisvalvae.

The volsellae of Labidus are highly modified, which has led to confusion of their 
homology (Birket-Smith 1981; Brady and Ward 2005; Watkins II 1982). The entire 
organ has migrated to a ventral position beneath the penisvalvae (Fig. 3), and the 
stalked distal element hinges ventrally on the reduced basivolsella which is completely 
fused with the basimere. In the literature, the distal element of the volsella has been 
termed the digitus: it is clear that this is not the case. The true digitus is a small el-
lipsoid plate, hitherto unreported, attached to the volsellar corium in a dorsolateral 
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position at the base of the distal element (Di, Fig. 11). Moreover the distal volsellar 
element is setose, a character state associated solely with the cuspis and potentially 
a deep autapomorphy for the Hymenoptera (Schulmeister 2001; Sharkey 2007). As 
a corollary, the digitus of Neivamyrmex longiscapus Borgmeier 1953 is retained as a 
rounded quadrangular plate fused with the shaft of the cuspis (Di, Fig. 12), while that 
of Nomamyrmex eisenbeckii Borgmeier 1936 is reduced and completely fused with the 
cuspal shaft.

Both muscles of the volsellae are present (Fig. 11), with their insertions on the 
cuspal apodeme. Birket-Smith (1981) identified the cuspal muscles r and s. As neither 
r nor s are present in any of the other taxa examined, it is most parsimonious at pre-
sent to recognize them as p and qr, respectively. The origin of muscle p covers a large 
area within the basimere laterally to dorsolaterally, while the origin of qr has migrated 
from its position on the basivolsellar apodeme to the basimeral anterolateral region. 
The movements of the cuspis were difficult to ascertain. However, the muscles may 
act antagonistically to elevate or depress the cuspis. During depression of the cuspis, 
the cuspal condyle slides ventrally along a vertical shelf of the basimere until it strikes 
a medially-projected shelf. Because this shelf has a margin contour complementary 
to the basal swelling of the cuspis, the basal swelling may be pulled into the volsellar 
corium, potentially providing torque to the cuspis. The copulatory function of these 
modified volsellae is not known; nor is it known whether they are intromittent.

The final point of contention with Birket-Smith’s (1981) description of the mus-
culature of Labidus is the muscle of the telomere. From my dissections of Labidus, I 
found that when a telomere was not carefully disarticulated, a small muscle fragment 
could be found with its insertion on the medial face of its base, suggesting the presence 
of a unique muscle specific to the telomere. It became clear, however, after more care 
was taken that this was actually l, and that its insertion on the valvura could be ob-
served. I thus conclude that Birket-Smith’s putative muscle y is actually muscle l, and 
that no novel muscle has evolved in the telomeres of Labidus. The telomere is restricted 
to lateral movement as the medial base is fused to the basimere via sclerotization, while 
the rest of the telomere base is surrounded by membrane (Tm, Fig. 3). The differential 
flexibility of the sclerotic bridge and the corium swing the telomeres laterally when j is 
contracted, with the bridge acting as a pivot. Thus the grasping function of the telom-
eres of Labidus and other ecitonines has been lost, excepting Nomamyrmex.

Conclusion

The intersubfamilial homology of male ant genitalic musculature is described for the 
Amblyoponinae, Cerapachyinae, Dolichoderinae, Ectatomminae, Formicinae, Lepta-
nilloidinae, Myrmicinae and Ponerinae for the first time, while the musculature and 
sclerite homology of the ecitonines Labidus and Neivamyrmex are clarified. Overall, 
the generalized male ant has fifteen muscles: three on sternum IX, four on the cupula, 
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five penisvalvar, two volsellar and one paramere muscle. Muscles of sternum IX act to 
protract, contract or torque the genitalic capsule, which may aide in probing and in-
tromittent behavior. The cupula muscles attach to the basimeres, and are most variable 
in presence or absence among the myrmicine taxa examined. Muscles of the cupula 
exert greater control over the genitalic valves relative to the muscles of sternum IX. 
The penisvalva muscles have functions which vary with the lineage, and muscle l is lost 
in some. In general, the penisvalva muscles may torque the penisvalvae apices, while 
adducting the individual penisvalvae in the mediosagittal plane. Volsellar mechanics 
varies greatly with the morphology of the volsellar sclerites. In species with opposable 
digiti and cuspides, the muscles may spread or close the apices. In other species, the 
digiti may torque clockwise or counter-clockwise, while movement in Labidus is re-
stricted to the mediosagittal plane. Finally, the parameres have a single muscle which is 
lost in some lineages to be replaced by any of the proximal muscles.

The mechanics of the sclerites and their muscles are labile over evolutionary time: 
the axes of rotation, the pivots, and the muscular origins and insertions shift across 
the sclerites. Detecting the patterns of morphological and mechanical evolution of 
male ant genitalia may provide useful phylogenetic characters, especially for clades 
currently with few or without morphological synapomorphies (e.g. the Formicoid 
clade, Ward 2011). Future studies should include representative taxa of each subfamily 
where males are known, emphasizing the differences among lineages. The hypertrophic 
genitalia of the Leptanillinae (Bolton 1990) provide an especially enticing opportu-
nity, while the volsellar morphology of dorylomorphs (Brady and Ward 2005) may be 
valuable to reconsider, especially with musculature characters. A context and critical 
comparison of genitalic sclerites and muscles with the Vespoidea would be valuable 
and may potentially clarify the phylogenetic position of the Formicidae. Investigations 
of the mechanical processes involved in ant copulation will aid in understanding of the 
adaptations of the musculature and valves. Furthermore, we may use male genitalic 
musculature to predict evolutionary trends in behavior and reproductive biology. A 
foundation for interpreting genitalic musculature allows for neuroethological inves-
tigations with which comparative copulatory procedures may be experimentally ob-
served (Kumashiro and Sakai 2001). The ground is set for describing the sequence and 
fine-scale interaction of the genitalic muscles on the male sclerites.
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abstract
Three morphologically very similar species of Asecodes Förster (Hymenoptera: Eulophidae) are reviewed. 
Asecodes parviclava (Thomson) is removed from synonymy under A. lucens stat. rev., and differentiated 
from A. lucens (Nees) and A. lineophagum sp. n. All three species develop as gregarious endoparasitoids in 
larvae of Galerucella spp. (Coleoptera: Chrysomelidae), but each species has its own unique host range. 
Asecodes lineophagum attacks only Galerucella lineola (Fabr.) and A. lucens only G. sagittariae (Gyllenhal), 
whereas A. parviclava parasitizes G. tenella (L.), G. calmariensis (L.) and G. pusilla (Duftschmid). The Ase-
codes species are similar but display small though distinct morphological differences, and are distinguished 
also through molecular differences. The genetic distance in mitochondrial CO1 ranged from 2.3% to 
7.3% between the species. Five names, one valid and four synonyms, were available for this group of spe-
cies, but none of them was linked to a primary type. To promote stability of nomenclature, primary types 
are designated for all five names, neotypes for Eulophus lucens Nees, Entedon mento Walker and Derostenus 
parviclava Thomson, and lectotypes for Entedon chthonia Walker and Entedon metagenes Walker. Entedon 
mento, E. chthonia and E. metagenes remain synonymized under A. lucens.
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introduction

Species of Asecodes Förster are described in the literature as parasitoids of chrysomelid 
beetles (Askew and Viggiani 1978, Kamijo 1986, Schauff 1991). Asecodes lucens 
(Nees) (as A. mento (Walker)), was reared from Galerucella nymphaeae (L. ) (Hippa 
and Koponen 1984) and Lochmaea suturalis (Thomson) (Golightly 1962) (Coleoptera: 
Chrysomelidae). In an unpublished study in Sweden the junior author and associates 
also reared A. lucens from five additional species of Galerucella, G. calmariensis (L.), 
G. lineola (Fabr.), G. pusilla (Duftschmid), G. sagittariae (Gyllenhal) and G. tenella 
(L.). However, parasitism rates differed considerably in different Galerucella species 
collected from the same locality. These patterns caused us to wonder whether a single 
species, A. lucens, was using multiple hosts or if there were populational differences in 
host range. To examine the possibility that population differentiation occurs within A. 
lucens based on host use we sequenced both mitochondrial and nuclear genes (Ham-
bäck et al. unpubl data). This analysis indicated the occurrence of multiple species.

In this paper, we identify morphological traits that separate three species of Ase-
codes, corresponding also to molecular and biological data. We compared the morpho-
types with previous descriptions and found that two correspond to described species, 
A. lucens (Nees) and A. parviclava (Thomson), whereas the third was not described. 
The new species is described under the name A. lineophagum.

Material and methods

The colour photos were made with a Nikon SMZ 1000 stereomicroscope and a Nikon 
DS-5M camera. To eliminate reflections from the metallic and shiny body, a dome-
light manufactured as described by Kerr et al. (2008), was used as the light source for 
photography. Photos were taken at different focus levels and Helicon Focus Pro version 
4.75 was used to merge them into a single image. The photography of wing interfer-
ence patterns is described in detail by Shevtsova and Hansson (2011). The SEM pho-
tos were made from uncoated specimens on their original cardboard mounts. These 
were taken in low vacuum mode on a JEOL® JSM 5600LV SEM microscope.

Morphological terms follow Gibson (1997). For illustrations of the morphological 
terms see www.neotropicaleulophidae.com.

The genetic distances were estimated from pairwise comparisons of 784 base pairs 
corresponding to the three prime end of CO1 (as used in Hambäck et al., unpub-
lished). In the analysis, 7 individuals of A. lucens, 23 individuals of A. parviclava and 3 
individuals of A. lineophagum were used. The analysis was done in PAUP* ver. 4.0.a125 
(Swofford 2002), and genetic distances were calculated under the Kimura-2-parameter 
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model (K2P) with pairwise deletion of missing data. Additional mitochondrial and 
nuclear genes data were used for reconstructing the phylogeny (Hambäck et al., un-
published), but were not included in the estimate of genetic distances due to a less 
extensive data set than for CO1.

Museum acronyms

BMNH the Natural History Museum, London, United Kingdom (N. Dale-Skey 
Papilloud)

CH private collection of Christer Hansson
GNM the Natural History Museum, Gothenburg, Sweden (C.G. Jonsson)
LUZM Lund University Zoology Museum, Sweden (R. Danielsson)
NHRS the Natural History Museum, Stockholm, Sweden (H. Vårdal)
ZSM Zoologische Staatssammlung, München, Germany (S. Schmidt)

Designation of primary types

Five names were available for this complex of species prior to this investigation, with 
one name, A. lucens, considered as valid and four other names as synonyms under the 
latter name. However, none of the names were fixed to a primary type and three of the 
names lacked type material altogether. For nomenclatural stability names must be fixed 
to a type specimen, and we therefore designate primary types, neotypes or lectotypes, 
for all five available names.

Neotypes

Eulophus lucens was described by Nees from a single female caught on Robinia pseudoa-
cacia in Sickershausen [Bavaria, Germany] June 22, 1812, which was placed in his own 
collection. Specimens in the collection of Nees no longer exist apart from specimens 
sent to Westwood, now in the Oxford University Museum of Natural History (Gra-
ham 1988). No material of E. lucens exists in the Oxford collection (Graham 1988) 
and it is thus safe to assume that the holotype of E. lucens was destroyed. A female 
from Hungary, Vas County, Szakonyfalu, collected 23.vi.1960, agrees well with the 
description of E. lucens and is here designated as neotype. The locality in Hungary is 
the closest to the type locality where it has been possible to find material of this species.

Entedon mento was described by Walker from an unspecified number of males 
from near London and from Belfast. There is no material that agrees with the original 
description, either in the general collection or in the type collection of the Natural His-
tory Museum, London, where the material Walker based his descriptions is kept. In 
the type collection, the box supposed to contain some type material of E. mento is emp-
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ty, but with a note “mento??”. Thus, it appears the material on which Walker based 
his description of E. mento is now lost. A female from England, Middlesex, Southgate, 
collected 6.vi.1972, fits the description of E. mento and is here designated as neotype 
for Entedon mento. The species was allegedly described from males, but males and fe-
males of this species are very similar. Further, Walker frequently misidentified the sex 
(Graham 1963), and a female is selected for neotype to make this species comparable 
to the other species of this complex, all of which are represented by females.

Derostenus parviclava was described by Thomson from an unspecified number of 
females he collected on Öland, an island in the Baltic Sea, and by G.F. Möller in Hol-
meja, a locality in Skåne, the southernmost province in Sweden. The collection of C.G. 
Thomson is in the Lund museum, and the collection of G.F. Möller is in the Natural 
History Museum in Gothenburg, both in Sweden. However, neither collection has any 
specimens from the type localities of D. parviclava. There is a female under the name 
D. parviclava in the G.F. Möller collection from Bökeberg (labeled “Bök”), which is 
a locality very close to Holmeja, one of the type localities. Because Thomson was very 
specific concerning localities from the province Skåne, where he lived and worked, it 
seems unlikely that he interchanged “Holmeja” with “Bökeberg”. However, the female 
from Bökeberg agrees well with the original description of D. parviclava and it is from 
a locality very close to one of the original type localities. This specimen fulfills the cri-
teria for a neotype for Derostenus parviclava and is designated as such here.

Lectotypes

The descriptions of Entedon chthonia and E. metagenes do not have information on the 
number of specimens used, and neither has been fixed to a primary type. The type col-
lection of the Natural History Museum, London, has a specimen each of E. chthonia 
(type no. 5.2603) and E. metagenes (type no. 5.2604). These specimens fit the original 
descriptions and are here designated as lectotypes.

Biology of the parasitoids

The Asecodes species included here are gregarious koinobiont endoparasitoids of beetle 
larvae (Stenberg and Hambäck 2010). Females lay their eggs in the early larval stage 
and successful parasitoid development leads to a mummification of the host larva. The 
host larval mummies are black and morphologically resemble larvae, whereas unpara-
sitized larvae form soft yellow pupae typical of chrysomelid beetles (photos in Hambäck 
2004). After successful development the parasitoid larvae pupate inside the mummified 
host larva. The number of parasitoid pupae in the mummies is highly variable, from 
1–14 within one mummy. The emergence of adult parasitoids typically occurs in inter-
vals, which probably reflects separate egg-laying events and thus indicates superparasit-
ism as a common trait. The number of parasitoids in each host affects both the sex ratio 
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and the adult body size of emerging offspring. Single emerging parasitoids are invariably 
females, but at high parasitoid densities the sex ratio is male biased (up to 80%) (Sten-
berg and Hambäck 2010). It also seems that density dependence in sex ratio and adult 
body size are correlated with host species, as indicated by a comparison of parasitoids 
emerging from Galerucella tenella and G. calmariensis (Stenberg and Hambäck 2010).

Parasitism rates may at times be very high, close to 100%, but may at other times 
be very low. In Sweden, where this study was performed, there seems to be a latitudinal 
shift in parasitism rates, at least for some hosts. The parasitism rates for G. calmariensis 
and G. tenella in northern localities, close to Umeå, are typically very high, between 
50% and 100%, but less than 10% in more southern localities. The genus contains 
both strictly monophagous species and oligophagous species and the different Galeru-
cella species often occur in the same localities, but on different wetland plants. There 
are often large differences in the parasitism rates between Galerucella species within the 
same locality. For instance, parasitism rates may be very high on G. lineola and very 
low on other Galerucella species in one locality, whereas parasitism rates are high in 
another species in another locality. The different parasitism rates are not likely to be 
due to phenological differences or spatial distributions within localities because host 
plants colonised by different larval species may occur on neighboring plant individuals.

Genetic analysis

Genetic distances of A. lucens vs A. lineophagum calculated from mitochondrial gene 
data varied between 4.8–6.0 % (mean = 5.3%), A. lucens and A. parviclava 5.3–7.3 % 
(mean = 6.4%) and A. lineophagum vs A. parviclava 2.3–3.8% (mean = 3.0%). Varia-
tion was estimated as 2.6% for A. parviclava, whereas no variation was found within 
A. lucens and A. lineophagum for the sampled individuals.

Identification

For identification of the species treated here the following additions can be made to the 
latest key to European species of Asecodes in Askew and Viggiani (1978).

Couplet 9, replace “mento” with “11”, and include the following:

11 Forewing speculum open (Fig. 2); propodeal callus with 3–5 setae (Fig. 22) .
 ..................................................................................A. lineophagum sp. n.

– Forewing speculum closed posteriorly by costal setal line (Fig. 6); propodeal 
callus with 2 setae (Fig. 23) .......................................................................12

12 Forewing bare just behind marginal vein, and relatively sparsely setose (Figs 
4, 9, see also Fig. 2) ............................................. A. parviclava (Thomson)

– Forewing setose just behind marginal vein setose, and relatively densely setose 
(Figs 6, 8) ........................................................................... A. lucens (Nees)
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Species treatments

Asecodes lineophagum sp. n.
urn:lsid:zoobank.org:act:3B302B7C-F323-45E3-8E78-19C080201E1A
http://species-id.net/wiki/Asecodes_lineophagum
Figures 2, 3, 10, 13, 16, 17, 22, 26, 27

Diagnosis. Forewing (Fig. 2) with speculum open posteriorly (i.e. setal line absent), 
bare just behind marginal vein and otherwise relatively sparsely setose; propodeal callus 
with 3–5 setae (Fig. 22).

Description. FEMALE. Length 1.0–1.8 mm.
Antenna dark brown (Fig. 10). Frons below frontal suture metallic purple with 

upper-lateral corners close to eyes and frontal suture golden-green (Fig. 26), above su-
ture golden green. Vertex metallic purple inside ocellar triangle, golden-green outside 
triangle. Mesoscutum black with metallic purple tinges (Fig. 16). Scutellum metallic 
bluish-green (Fig. 16). Axillae black with metallic purple tinges (Fig. 16). Dorsellum 
metallic bluish-green (Fig. 16). Propodeum metallic bluish-green (Fig. 16). Coxae, 
femora and tibiae dark brown to black, and shiny (as in Fig. 1); fore tarsus dark brown, 
mid and hind tarsi with tarsomeres 1–3 yellowish-white, tarsomere 4 dark brown. 
Forewing hyaline (Fig. 2), wing interference pattern as in Fig. 3. Petiole dark brown 
to black. Gaster with 1st tergite metallic bluish-green, remaining tergites dark brown to 
black with metallic purple tinges.

Antenna as in Fig. 10. Frons below frontal suture with weak reticulation, above 
suture smooth; antennal scrobes join on frontal suture. Vertex with very weak reticula-
tion inside ocellar triangle, smooth outside triangle.

Mesoscutum with weak reticulation (Fig. 17). Scutellum with very weak reticula-
tion in anterior 2/3 (Fig. 17), posterior 1/3 smooth. Axillae with weak reticulation 
(Fig. 17). Dorsellum slightly convex and smooth (Fig. 17). Propodeum with a wide 
groove along anterior margin (Fig. 17), with weak reticulation; propodeal callus with 
3–5 setae. Forewing (Fig. 2) bare just behind marginal vein, speculum open, setation 
relatively sparse, and with 5–9 admarginal setae.

Petiole as a short, transverse, narrow stripe. Gaster circular.
Ratios. Height of eye/malar space/width of mouth = 2.6/1.0/1.8; shortest distance 

between posterior ocelli/posterior ocellus and eye/posterior ocellus and occipital mar-
gin = 10.4/5.4/1.0; width of head/width of mesosoma = 1.1; length of forewing/length 
of marginal vein/height of forewing = 2.4/1.0/1.0; length of postmarginal vein/length 
of stigmal vein= 0.6; length of mesosoma/length of gaster = 1.0.

MALE. Length 0.9–1.4 mm.
Very similar to female except antenna (Fig. 13) with scape wider, flagellomeres 

longer and more slender, and apical two flagellomeres distinctly separated.
Ratios. Height of eye/malar space/width of mouth = 2.1/1.0/1.6; length of meso-

soma/length of gaster = 1.0–1.2.
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Hosts and sex ratio. All Swedish specimens were reared from Galerucella lineola 
(Coleoptera: Chrysomelidae) on Salix spp., mainly S. cinerea. The sex ratio of each 
clutch on average is closer to one than for A. lucens, and the standard deviation is 
distinctly higher in A. lineophagum. Ratio female/male (n = 48): 3.10±2.68/2.27±2.17

Material examined. HOLOTYPE female (BMNH) labelled “SWEDEN: Up-
pland, Ludden, 59°46'18"N, 18°40'19"E, 21.vi.2011, ex Galerucella lineola on Sa-
lix cinerea”. PARATYPES. 45♀ 49♂(BMNH, CH, LUZM, NHRS, ZSM): 25♀ 
19♂with same label data as holotype; 3♀ 1♂“Sweden: Uppland, Fläktan, 59°46'54"N, 
17°44'30"E, 24.vii.2011, ex Galerucella lineola on Salix cinerea.”; 3♀ 5♂“SWEDEN: 
Uppland, Liljekonvaljholmen, 59°48'18''N, 17°39'51''E, 18.vi.2011, ex Galerucella li-
neola on Salix sp.”; 6♀ 4♂“SWEDEN: Uppland, Mörtsjön, 59°38’39’’ N 18°09’58’’ E, 
5.vii.2011, ex Galerucella lineola on Salix cinerea”; 1♂“SWEDEN: Uppland, Sundän-
gen, 59°33.954'N, 16°51.292'E, 25.vi.2011, ex Galerucella lineola on Salix cinerea”; 
3♀ 6♂“SWEDEN: Uppland, Haknäs, 59°43'05"N, 17°41'57"E, 25.vi.2011, ex Ga-
lerucella lineola on Salix cinerea”; 1♀ “SWEDEN: Skåne, Skäralid, 6–17.viii.1994, M 
. Sporrong”; 3♀ (on two pins) labelled “Småland” [which is: SWEDEN: Småland, 
without further information]; 1♀ 1♂“SWEDEN: Skåne, Sövde, 5.vii.1985, C. Hans-
son”; 1♂“SWEDEN: Småland, Hyltebruk, 7–14.ix.1986, J. Ardö”; 1♂“NORWAY: 
Jostedalen, Gupne, 19.vii.1979, Hull University Expedition”.

Asecodes lucens (Nees)
http://species-id.net/wiki/Asecodes_lucens
Figures 6–8, 12, 15, 20, 21, 23, 24

Eulophus lucens Nees, 1834: 175. Neotype female in ZSM, designated here.
Entedon mento Walker, 1839: 28. Neotype female in BMNH, designated here. Syn-

onymized by Graham (1993: 227).
Entedon chthonia Walker, 1839: 122. Lectotype female in BMNH, designated here. 

Synonymized by Graham (1993: 227).
Entedon metagenes Walker, 1848: 230. Lectotype female in BMNH, designated here. 

Synonymized by Graham (1993: 227).
Asecodes lucens (Nees), Graham (1993: 227).

Diagnosis. Forewing (Figs 6, 8) with speculum closed posteriorly by a setal line, setose 
just behind marginal vein and otherwise relatively densely setose; propodeal callus with 
2 setae (Fig. 23).

Hosts and sex ratio. All Swedish specimens were reared from Galerucella sagit-
tareae (Coleoptera: Chrysomelidae) on Lysimachia thyrsiflora, L. vulgaris, and Poten-
tilla palustris. The sex ratio of each clutch is female biased. Ratio female/male (n = 48): 
4.27±1.83/0.92±0.94.

Material examined. TYPE MATERIAL: Neotypes of E. lucens (ZSM) 
and E. mento (BMNH), lectotypes of E. chthonia (BMNH) and E. metagenes 
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(BMNH), all types are females. ADDITIONAL MATERIAL: DENMARK: 4♀ 
2♂(CH, LUZM). HUNGARY: Vas Co. 5♀ 2♂(ZSM). SWEDEN: Skåne 106♀ 
13♂(swept) (BMNH, CH, LUZM); Uppland 205♀ 44♂(91♀ 25♂from Lysi-
machia, 114♀ 19♂from Potentilla palustris) (BMNH, CH, NHRS, ZSM); Öland 
1♂(swept) (CH).

Asecodes parviclava (Thomson), stat. rev.
Figures 1, 4, 5, 9, 11, 14, 18, 19, 25

Derostenus parviclava Thomson, 1878:272–273. Neotype female in GNM, designated here.
Asecodes parviclava (Thomson), Bouček and Askew (1968: 131).
Synonym of Asecodes lucens (Nees) (Graham 1993: 227).

Diagnosis. Forewing (Figs 4, 9) with speculum closed posteriorly by a setal line, bare 
just behind marginal vein and otherwise relatively sparsely setatose; propodeal callus 
with 2 setae (as in Fig. 23).

Hosts and sex ratio. The Swedish specimens were reared from Galerucella cal-
mariensis and G. pusilla (Coleoptera: Chrysomelidae) on Lythrum salicaria, and G. 
tenella on Filipendula ulmaria. The number of samples is smaller than for the other two 
species (n = 23, 10 from G. calmariensis, 6 from G. pusilla, 7 from G. tenella). Ratio 
female/male: 2.09±1.16/0.91±0.95.

Material examined. TYPE MATERIAL: Neotype female of D. parviclava (GNM). 
ADDITIONAL MATERIAL: HUNGARY: Vas Co. 1♀ (BMNH); SWEDEN: 
Skåne 21♀ 16♂(CH, LUZM); Uppland 48♀ 21♂(24♀ 8♂from G. calmariensis, 10♀ 
8♂from G. pusilla, 14♀ 5♂from G. tenella) (BMNH, CH, NHRS); Västergötland 
14♀ 5♂(CH, LUZM).

discussion

The separation of A. lucens into three species based on molecular and morphological 
evidence is supported by biological data. Asecodes lucens and A. lineophagum were 
reared from only one host species, Galerucella sagittariae and G. lineola, respectively, 
whereas A. parviclava was reared from three host species, G. tenella, G. calmarien-
sis and G. pusilla. These observations have also been confirmed with independent 
observations of parasitoid behaviour in the laboratory, where females were found 
to attack the respective host species, but not other species (L. Fors, unpubl. data). 
The delimitation of three species is also supported by observations in the field, 
where one species of Galerucella larvae may be heavily parasitized and another is 
not attacked in the same locality. Such parasitism patterns have, however, not been 
observed for G. tenella, G. calmariensis and G. pusilla. In fact, earlier studies show 
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strong correlations in parasitism rates between G. tenella and G. calmariensis among 
localities (Hambäck et al. 2006). Moreover, field observations suggested that para-
sitism rates on G. tenella were consistently higher when this species was sympatric 
with G. calmariensis. The reason for this pattern was not resolved (Hambäck et al. 
2006), but the pattern suggest that the parasitoid population may mediate indirect 
interactions between its hosts, as is known for other host-parasitoid systems. The 
current information on the species delimitation within Asecodes was important to 
identify pairs of host species where such effects would be likely. Based on previous 
information, we could have expected similar indirect effects also for other species 
pairs but the novel information on population differentiation among parasitoid in-
dividuals suggest this not to be the case.

Figure 1. Asecodes parviclava (Thomson), female habitus (length = 1.5 mm).
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Figures 2–9. Asecodes spp.,wings, females 2–3 A. lineophagum sp. n. 2 transparent wings 3 wing interfer-
ence pattern 4–5 A. parviclava (Thomson) 4 transparent wings 5 wing interference pattern 6–7 A. lucens 
(Nees) 6 transparent wings 7 wing interference pattern 8 A. lucens, forewing, neotype 9 A. parviclava, 
forewing, neotype.

In view of our findings, the previous host records of Galerucella nymphaeae and Loch-
maea suturalis for A. lucens need confirmation. Investigation of Asecodes specimens reared 
from these hosts might quite possibly reveal additional cryptic species in this group.
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Figures 10–15. Asecodes spp., antennae 10–12 females 10 A. lineophagum sp. n. 11 A. parviclava 
(Thomson) 12 A. lucens (Nees) 13–15 males 13 A. lineophagum 14 A. parviclava 15 A. lucens.
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Figures 16–23. Asecodes spp. 16–21 thoracic dorsum, females 16–17 A. lineophagum sp. n. 18–19 A. 
parviclava (Thomson) 20–21 A. lucens (Nees) 22–23 lateral propodeum in side view (anterior part to the 
left), female 22 A. lineophagum 23 A. lucens.
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Figures 24–27. 24–25 Asecodes spp., neotypes, females 24 A. lucens (Nees) 25 A. parviclava (Thomson) 
26–27 A. lineophagum sp. n., head in frontal view 26 female 27 male.
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abstract
The species of the genus Hybrizon Fallén (Hymenoptera: Ichneumonidae: Hybrizoninae) from China 
are reviewed, with special reference to Hunan (South China). The genus Hybrizon and two species 
(H. flavofacialis Tobias, 1988, and H. ghilarovi Tobias, 1988) are reported for the first time from the 
Oriental region. The species known from the Palaearctic and Oriental regions are keyed.
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introduction

The small subfamily Hybrizoninae Blanchard, 1845 (= Paxylommatinae Foerster, 
1862, Hybrizontinae of authors, “Hybrizonites” of Blanchard, 1845; Wharton and 
van Achterberg 2000) is associated with ants and most likely belongs to the family 
Ichneumonidae, but was often associated with Braconidae (van Achterberg 1976) 
or considered to be a separate family (He 1981, Tobias 1988). The group is treated 
as a subfamily of the family Ichneumonidae Latreille, 1802, by Rasnitsyn (1980) 
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and Yu and Horstmann (1997) because of the structure of the connection of the 
second and third metasomal tergites and the venation of the hind wing, both indi-
cate a closer relationship with the family Ichneumonidae (Sharkey and Wahl 1987; 
Wahl and Sharkey 1988) than with the Braconidae. From analysis of the 28S ribo-
somal RNA from the genus Hybrizon Fallén, 1813, it may be concluded that the 
Hybrizoninae are at a basal position of the Ichneumonidae-lineage (Belshaw et al. 
1998; Quicke et al. 2000; Belshaw and Quicke 2002), but Gillespie et al. (2005) 
documented the unusual structure of 28S in Hybrizon, which makes alignment dif-
ficult. Quicke et al. (2009) found that Hybrizon likely is a derived subfamily within 
the ophioniformes-group of the Ichneumonidae, which agrees with the derived 
morphology of the Hybrizoninae.

The subfamily is known only from the Holarctic region and we report for the first 
time two species of the genus from the Oriental part of China. There are only two 
reports of the genus Hybrizon from China (He 1981, Konishi et al. 2012) but only 
from Palaearctic northern China (H. buccatus (de Brébisson, 1825) from Jilin and 
Heilongjiang and H. ghilarovi Tobias, 1988, from Jilin). The second author collected 
in Hunan province two species of the genus, resulting in an enormous extension of the 
known distribution by 2200+ km southwards.

The biology of the Hybrizoninae has been for long time uncertain, but recently 
oviposition has been documented by photographing and filming two different genera 
(Komatsu and Konishi 2010; Gómez Durán and van Achterberg 2011). It shows that 
the final instar ant larva is used for oviposition when the worker ants transport the 
larvae outside the nest. Of one species (H. buccatus) we have some host records indi-
cating that predominantly ant larvae from the subfamily Formicinae (Formicidae) are 
selected, but also larvae from non-Formicinae may be used (Gómez Durán and van 
Achterberg 2011). It is too early to conclude a lack of specialisation, because in most 
cases the true nature of the associations has not really been established and the host 
associations are largely unknown for the other species.

Material and methods

The collecting site is at the border of the Southeast Lake near Yuanjiang (N. Hunan) in 
the common reed (Phragmites australis (Cav.)) zone, with Oriental “Lasius fuliginosus” 
(= Lasius fuyi Radchenko, 2005; see Radchenko 2005) as possible host. The collecting 
in this wetland habitat along the lake was rather cumbersome and done by hand net-
ting among the common reed.

For references to genera and species of Hybrizoninae, see Yu et al. (2009) and up-
dates, for the East Palaearctic species, see Konishi et al. (2012) and for morphological 
terminology, see van Achterberg (1988). The specimens are deposited in the College 
of Bio-Safety Science and Technology, Hunan Agriculture University (HUNAU) at 
Changsha and in the NCB Naturalis collection (RMNH) at Leiden.
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Systematics

Genus Hybrizon Fallén, 1813
Figs 1–15

Hybrizon Fallén, 1813: 19 (no species); Shenefelt 1969: 2; Marsh 1979: 313; Tobias 
1988: 133–134 (key to Palaearctic species); Marsh 1988: 30–31 (key to Nearctic 
species); van Achterberg 1999: 17–18 (key to Palaearctic species); Gómez Durán 
and van Achterberg 2011: 94–99 (biology); Konishi et al. 2012: 20 (key to East 
Palaearctic species). Type species (by subsequent monotypy): Hybrizon latebricola 
Nees, 1834 (= Hybrizon buccatus (de Brébisson, 1825)).

Paxylomma de Brébisson, 1817: 66 (no species); Shenefelt, 1969: 2 (as synonym of Hy-
brizon Fallén, 1813); Marsh 1979: 313 (id.), 1988: 30 (id.); Tobias 1988: 133 (id.). 
Type species (by subsequent monotypy): Paxylomma buccata de Brébisson, 1825.

Paxyloma Stephens, 1835: 119; Shenefelt 1969: 2. Misspelling for Paxylomma de 
Brébisson, 1817.

Paxylomme Wesmael, 1835: 88; Shenefelt 1969: 2. Misspelling for Paxylomma de 
Brébisson, 1817.

Paxyllomma Curtis, 1837: 115; Shenefelt 1969: 2. Misspelling for Paxylomma de 
Brébisson, 1817.

Paxylloma Blanchard, 1840: 335; Shenefelt 1969: 2. Misspelling for Paxylomma de 
Brébisson, 1817.

Pachylomma Ratzeburg, 1848: 53; Shenefelt 1969: 2. Invalid emendation of Paxy-
lomma de Brébisson, 1817.

Plancus Curtis, 1833: 188; Shenefelt 1969: 2 (as synonym of Hybrizon Fallén, 1813); Marsh 
1979: 313 (id.), 1988: 30 (id.); Tobias 1988: 133 (id.). Type species (by monotypy): 
Plancus apicalis Curtis, 1833 [examined; = Hybrizon buccatus (de Brébisson, 1825)].

Eupachylomma Ashmead, 1894: 58; Shenefelt 1969: 1 (as valid genus); Marsh 1979: 
313 (as synonym of Hybrizon Fallén, 1813), 1988: 30 (id.). Type species (by origi-
nal designation): Wesmaelia rileyi Ashmead, 1889.

Species occurring in China

Hybrizon buccatus (de Brébisson, 1825)
http://species-id.net/wiki/Hybrizon_buccatus
Figs 9–13

Material. Reported from North China by He (1981: Heilongjiang, Jilin) and by Koni-
shi et al. (2012: Jilin). Unknown from Oriental China.

Diagnosis. Basal cell of fore wing largely glabrous, with at most 15 setae (Fig. 10); 
scapus somewhat smaller than pedicellus (Fig. 11); third antennal segment comparatively 
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Figures 1–8. 1–4 Hybrizon flavofacialis Tobias, female, China, Hunan, Yuanjiang 5–8 H. ghilaro-
vi Tobias, female, China, Hunan, Yuanjiang 1, 4 apical half of fore wing 2, 6 three basal antennal 
segments 3, 7  hind basitarsus lateral 4, 8 basal half of fore wing. 1 scale-line (= 1.0×); 2=1.7×; 3, 
6–8=1.4×; 4, 5 =1.1×.
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stout (Fig. 11); ventral half of face and scutellum largely smooth; maximum width of 
face 1.4–1.5 times its minimum width; eyes glabrous; mesoscutum with pair of bands 
of distinct punctures, rarely punctures absent or obsolescent; scutellum (except some-
times laterally) and notaulic area of mesoscutum usually dark brown; propodeum largely 
smooth or granulate, except for medial carinae and posteriorly with weak or obsolescent 
curved carinae; vein 1-M of fore wing distinctly curved anteriorly (Figs 9, 10); vein r of 
fore wing issued comparatively close to base of pterostigma (Fig. 9); vein 1-M of fore wing 
paler than vein 2-CU1 of fore wing; in lateral view length of hind basitarsus 4–5 times its 
maximum width (Figs 12, 13); ventral half of metapleuron coriaceous; sparsely setose part 
of ovipositor sheath 0.2–0.3 times as long as second tergite; length of fore wing 2–3 mm.

Hybrizon flavofacialis Tobias, 1988
http://species-id.net/wiki/Hybrizon_flavofacialis
Figs 1–4

Material. 3 ♀ + 22 ♂ (HUNAU, RMNH), S. China: Hunan, Yuanjiang, Southeast 
Lakeside, Ben-Zhu Dai, together with Lasius “fuliginosus” (= L. fuyi Radchenko): 2 
♂, 3.VI.1989; 1 ♀ + 1 ♂, 4.VI.1989; 2 ♂, 8.X.1989; 11 ♂, 9.X.1989; 1 ♀ + 7 ♂, 
10.X.1989; 1 ♀, 12.X.1989.

Diagnosis. Face yellow; eyes glabrous; pedicellus wider and slightly longer than 
scapus (Fig. 3) and dark brown, contrasting with yellowish scapus; third antennal 
segment comparatively slender (Fig. 3); maximum width of face 1.2–1.3 times its 
minimum width; ventral half of face and scutellum more or less granulate; distance 
between posterior ocelli of female about 1.5 times diameter of ocellus (about twice 
in male); mesoscutum antero-laterally smooth; ventral half of metapleuron rugose or 
densely rugulose; posteriorly propodeum with strong curved carinae (but sometimes 
disappearing in rugosity); basal cell of fore wing (except basally) with 50–70 setae (Fig. 
4); vein r issued at base of pterostigma (Fig. 1); vein 3-SR+M of fore wing medium-
sized (Fig. 1); vein 1-M of fore wing weakly and gradually curved anteriorly or straight 
(Fig. 4); in lateral view length of hind basitarsus 6–7 times its maximum width (Fig. 
2); sparsely setose part of ovipositor sheath 0.2–0.4 times as long as second tergite.

Notes. Up to now only known from the holotype from Far East Russia (Khabarovsk 
kray). The holotype is illustrated by Konishi et al. (2012). New for China and for the 
Oriental region.

Hybrizon ghilarovi Tobias, 1988
http://species-id.net/wiki/Hybrizon_ghilarovi
Figs 5–8

Material. 10 ♂ + 5 ♀ (HUNAU, RMNH), S. China: Hunan, Yuanjiang, Southeast 
Lakeside, together with Lasius “fuliginosus” (= L. fuyi Radchenko), Ben-Zhu Dai: 2 ♀ 
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Figures 9–15. 9–13 Hybrizon buccatus (de Brébisson), female, Bulgaria, Brodilovo, but 13 of female 
from Netherlands, Nunspeet 14–15 H. pilialatus Tobias, female, Italy, Funes 9, 14 apical half of fore 
wing 10, 15 basal half of fore wing 11 three basal antennal segments 12, 13 hind basitarsus lateral. 
9 scale-line (=1.0×); 10–13=1.3×; 14, 15 from van Achterberg (1999).

+ 2 ♂, 10.X.1989; 1 ♂, 14.V.1989; 3 ♂, 25.V.1989, Lan-Shao You; 1 ♀, 4. VI.1989; 
2 ♂, 8.X.1989; 2 ♀, 9.X.1989; 1 ♂, 11.X.1989; 1 ♂, 3.VI.1989.

Diagnosis. Eyes distinctly setose; face dark brown, except near its tentorial pits; dis-
tance between posterior ocelli of female about 1.6 times diameter of ocellus; pedicellus 
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about as wide as scapus and slightly shorter than scapus (Fig. 6), ventrally similarly yellow-
ish coloured as scapus; third antennal segment comparatively slender (Fig. 6); maximum 
width of face 1.2–1.3 times its minimum width; ventral half of face and scutellum more 
or less granulate; area behind malar space flat or nearly so and rugose; scutellum granulate; 
propodeum areolate; ventral half of metapleuron largely rugose or rugulose; length of 
hind basitarsus about 7 times its maximum width (Fig. 7); mesoscutum antero-laterally 
rugulose; ventral half of metapleuron rugose or densely rugulose; vein r issued after base 
of pterostigma (Fig. 8); vein 3-SR+M of fore wing often short (Fig. 5); vein 1-M of fore 
wing weakly developed, straight anteriorly or nearly so (Fig. 5); basal cell of fore wing with 
30–40 setae (Fig. 8); marginal cell of fore wing 4.0–5.5 times longer than its maximum 
width (Fig. 5); vein SR1 of fore wing straight (Oriental China) or sinuate (typical); pos-
teriorly propodeum with strong curved carinae (but sometimes disappearing in rugosity); 
sparsely setose part of ovipositor sheath 0.6–0.7 times as long as second metasomal tergite.

Notes. A female paratype is illustrated by Konishi et al. (2012). Up to recently 
only known from Far East Russia and Bulgaria, but Konishi et al. (2012) report this 
species from NE China (Jilin), Korea and Japan. New for the Oriental region.

The Old World species can be separated as follows:

Key to Old World species of the genus Hybrizon Fallén

1 Basal cell of fore wing largely glabrous, with at most 15 setae (Fig. 10); pos-
teriorly propodeum with weak or obsolescent curved carinae; in lateral view 
length of hind basitarsus 4–5 times its maximum width (Figs 12, 13); vein 
1-M of fore wing distinctly curved anteriorly (Figs 9, 10); third antennal seg-
ment less slender (Fig. 11); ventral half of face and scutellum largely smooth; 
ventral half of metapleuron coriaceous; maximum width of face 1.4–1.5 
times its minimum width............................................................................2

– Basal cell of fore wing (except basally) more or less setose (Figs 4, 8, 15); 
posteriorly propodeum with strong curved carinae (but sometimes disappear-
ing in rugosity); in lateral view length of hind basitarsus 6–7 times its maxi-
mum width (Figs 2, 7); vein 1-M of fore wing weakly and gradually curved 
anteriorly or straight (Figs 4, 8, 15); third antennal segment comparatively 
slender (Figs 3, 6); ventral half of face and scutellum more or less granulate; 
ventral half of metapleuron rugose or densely rugulose; maximum width of 
face 1.2–1.3 times its minimum width .......................................................3

2 Vein r of fore wing issued comparatively far removed from base of pterostigma; 
mesoscutum without bands of punctures, at most with some punctures; vein 
1-M of fore wing as dark as vein 2-CU1 of fore wing; scapus about as large as 
pedicellus; scutellum (except medio-anteriorly) and more or less notaulic area 
of mesoscutum ivory; length of fore wing 3.0–3.6 mm; propodeum distinctly 
rugose-granulate; Spain, South Korea ...................H. juncoi (Ceballos, 1957)
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– Vein r of fore wing issued comparatively close to base of pterostigma (Fig. 9); 
mesoscutum with pair of bands of distinct punctures, rarely punctures largely 
absent or obsolescent; vein 1-M of fore wing paler than vein 2-CU1 of fore 
wing; scapus somewhat smaller than pedicellus (Fig. 11); scutellum (except 
sometimes laterally) and notaulic area of mesoscutum usually dark brown; 
length of fore wing 2–3 mm; propodeum largely smooth or granulate, except 
for medial carinae; Northwest and East Palaearctic .......................................
 ...............................................................H. buccatus (de Brébisson, 1825)

3 Eyes distinctly setose; pedicellus about as wide as scapus and about as long 
scapus (Fig. 6), ventrally similarly yellowish coloured as scapus; vein 1-M 
of fore wing straight anteriorly or nearly so (Fig. 8); sparsely setose part of 
ovipositor sheath 0.6–0.7 times as long as second metasomal tergite; vein 
3-SR+M of fore wing often short (Fig. 5); East Palaearctic (Far East Russia); 
China (*Hunan, Jilin), South Korea, Japan (Hokkaido); Southeast Europe 
(Bulgaria)  .......................................................... H. ghilarovi Tobias, 1988

– Eyes glabrous; pedicellus wider and slightly longer than scapus and dark 
brown, contrasting with yellowish scapus; vein 1-M of fore wing weakly 
curved anteriorly (Figs 1, 14); sparsely setose part of ovipositor sheath 0.2–
0.4 times as long as second tergite; vein 3-SR+M of fore wing medium-sized 
(Fig. 1) ......................................................................................................  4

4. Face yellow; vein r of fore wing issued at base of pterostigma (Fig. 1); distance 
between posterior ocelli of female about 1.5 times diameter of ocellus (but 
about twice in male); East Palaearctic (Far East Russia); *China (Hunan) .....
 ......................................................................H. flavofacialis Tobias, 1988

– Face dark brown, except near its tentorial pits; vein r of fore wing issued 
distinctly removed from base of pterostigma (Fig. 14); distance between pos-
terior ocelli of female usually about twice diameter of ocellus; West Palaearc-
tic  ....................................................................  H. pilialatus Tobias, 1988
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introduction

The genus Triclistus Förster 1869, belonging to the subfamily Metopiinae (Hyme-
noptera, Ichneumonidae), comprises 82 described species (Yu et al. 2012), of which 
15 are from the Oriental Region (Cameron 1897, Morley 1913, Uchida 1932, Chiu 
1962, Kusigemati 1985, He et al. 1996), 26 from the Eastern Palaearctic Region 
(Kusigemati 1971, 1980, 1987, Momoi and Kusigemati 1970, Tolkanitz 2007, Uchi-
da 1932), 25 from the western Palaearctic Region (Aubert 1984, Cresson 1864, Tol-
kanitz 1981, 1983, 1987, 2007), 16 from the Nearctic Region (Barron and Bisdee 
1984, Townes and Townes 1959), 8 from the Neotropical Region (Gauld et al. 2002). 
The diagnostic characters of the genus were elucidated by Chiu (1962), Tolkanitz 
(1987) and Townes (1971).

The Palaearctic species were mainly keyed by Tolkanitz (1981, 1983, 1985 1987, 
2007) and Aeschlimann (1983). The Japanese species were mainly reported by Kusige-
mati (1971, 1980, 1987), Momoi and Kusigemati (1970) and Uchida (1932). Ten 
species have been known in China (Chiu 1962, He et al. 1996, Yu et al. 2012).

In the study of parasitoids that attack tree borers in three forest areas of China, a 
new species of Triclistus has been found. The aim of this contribution is to describe and 
illustrate this species and provide biological data on its habitat and hosts.

Materials and methods

In the last five years the authors have been researching the parasitoids of borers of 
tree branches and cones in Heilongjiang, Jilin, Liaoning, Hebei, Henan, Shanxi and 
Qinghai provinces, situated in the Eastern Palaearctic part of China and in Hunan and 
Jiangxi Provinces, situated in the northern border of the Oriental part of China.

To rear parasitoids, cones and twigs of naturally heavily infested trees of Pinus 
armandi Franch, P. massoniana Lamb., P. sylvestris L. var. mongolica Litv., and P. tabu-
laeformis Carr. were brought to the laboratory and maintained in large nylon cages 
at room-temperature. Water was sprayed over the cones and twigs twice a week and 
emerged insects collected daily.

The hosts were identified by Professor Hou-Hun Li, Nankai University, Tian-
jing, China.

Images of whole bodies were taken using a CANON Power Shot A650 IS. Other 
images were taken using a Cool SNAP 3CCD attached to a Zeiss Discovery V8 Ster-
eomicroscope and captured with QCapture Pro version 5.1.

The morphological terminology is mostly that of Gauld (1991). Wing vein no-
menclature is based on Ross (1936).

Type specimens and hosts are deposited in the Insect Museum, General Station of 
Forest Pest Management, State Forestry Administration, P. R. China.
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Systematic

Triclistus Förster, 1869
http://species-id.net/wiki/Triclistus

Triclistus Förster, 1869. Verhandlungen des Naturhistorischen Vereins der Preussis-
chen Rheinlande und Westfalens, 25(1868):161. Type-species: Exochus podagricus 
Gravenhorst.

Diagnosis. Head in lateral view very thick. Face and clypeus evenly, roundly con-
vex. Face continued dorso-medially between antennal sockets as a strong, compressed, 
semicircular projection, its upper end close to median ocellus, its dorso-posterior part 
with median concavity. Gena long, straightly convergent or very slightly incurvate 
backwards. Lower tooth of mandible shorter than upper tooth. Occipital carina strong 
and complete. Scutellum weakly convex, without lateral carina except basolateral cor-
ner. Fore wing 1cu-a distal of 1/M by 0.2–0.7 its length. Areolet usually present. Hind 
wing 1-cu longer than cu-a. Pterostigma broad. Epicnemial carina strong, upper end 
reaching anterior end of subalar prominence. Metapleuron smooth, polished. Front 
and mid femora rather thick. Mid tibia with two spurs. Fifth tarsomere of female 
with or without a ventral, subapical projection. Tarsal claw simple. Propodeal spiracle 
subcircular to elliptic. Metasoma short, robust. First tergite usually broad basally, its 
spiracle approximately at basal 0.25, its sternite reaching approximately to 0.2 length 
of tergum. Subgenital plate of female with or without apical-median notch. Ovipositor 
not projecting beyond tip of metasoma.

Host. According to the most recent catalogue of Ichneumonoidea (Yu et al. 2012), 
123 hosts, belonging to 16 families of Lepidoptera, have been recorded, mainly species 
of Tortricidae, Pyralidae, Geometridae and Yponomeutidae.

Triclistus strobilius sp. n.
urn:lsid:zoobank.org:act:6EF70B06-238D-4089-827B-6D421574D72D
http://species-id.net/wiki/Triclistus_strobilius
Figures 1–8

Material. Holotype, Female, CHINA: Beiling Park, Shenyang, Liaoning Province, 
reared from pupa of Dioryctria rubella Hampson, collected from cone of Pinus tabu-
laeformis Carr., 25 September 2009, Mao-Ling Sheng, Shu-Ping Sun. Paratypes: 1 
female, same data as holotype; 1 female, CHINA: Beiling Park, Shenyang, Liaoning 
Province, reared from pupa of Dioryctria rubella Hampson, collected from cone of 
Pinus armandi Franch., 15 October 2010, Mao-Ling Sheng, Shu-Ping Sun; 1 male, 
CHINA: Fuxin, Liaoning Province, reared from pupa of Gravitarmata margarotana 
(Hein), collected from cone of P. tabulaeformis Carr., 20 October 2010, Qing-Shu 
Luan; 1 male, CHINA: Yanqing, Beijing, reared from pupa of D. pryeri Ragonot, 
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Figures 1–8. Triclistus strobilius, sp. n. Holotype, female. 1 Habitus, lateral view 2 Head, anterior view 
3 Frons 4 Mesopleuron 5 Fore femur 6 Propodeum 7 Tergites 1–4 8 Posterior part of metasoma, lateral view.
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collected from cone of P. tabulaeformis Carr., 9 July 2012, Tao Li; 1 female, CHINA: 
Jingzhou, Hunan Province, reared from pupa of Dioryctria rubella Hampson, collected 
from twig of P. massoniana Lamb., 1 June 2011, Mao-Ling Sheng.
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Diagnosis. Fore wing with areolet open. Tergites 2–4 (Figure 7) with approxi-
mately identical punctures. Head except whitish yellow projection between antennal 
sockets, mesosoma, fore and mid legs, all coxae and trochanters and metasoma, en-
tirely black. Fore femora red.

Description. Female. Body length 8.5–9.5 mm. Fore wing length 6.0–7.0 mm.
Head. Face (Figure 2) evenly, strongly convex, with large, dense punctures; up-

per median part with reddish brown hairs. Dorso-posterior part of upper-median 
projection with shallow median concavity. Clypeal suture absent. Median part of 
mandible convex, with distinct dense punctures, lower tooth very short and small; 
upper tooth long and sharp, approximately 3.0–3.5 times as long as lower tooth. 
Cheek with indistinct punctures. Malar space 0.5–0.6 times as long as basal width 
of mandible. Gena strongly and straightly convergent backwards, with dense punc-
tures, distance between punctures 0.5–1.0 times diameter of puncture. Postocellar 
line 2.0–2.1 times as long as ocular-ocellar line. Frons (Figure 3) with dense punc-
tures; lower part strongly concave; dorso-posterior part of projection between anten-
nal sockets with shallow median concavity. Antenna with 31–32 flagellomeres; first 
flagellomere approximately 1.5 times as long as second flagellomere. Occipital carina 
complete and strong.

Mesosoma. Anterior margin of pronotum with fine, short longitudinal wrinkles 
and fine, indistinct punctures; lateral concavity wide, deep, smooth, shiny; upper-
posterior margin with fine, distinct punctures. Epomia strong. Mesoscutum with fine 
punctures, distance between punctures 0.5–3.5 times diameter of puncture. Notau-
lus indistinct. Scutellum weakly convex, with texture as that of mesoscutum. Posts-
cutellum transverse, smooth and shiny, with fine, indistinct punctures; anterior part 
transversely concave. Mesopleuron (Figure 4) strongly convex, with texture as that 
of mesoscutum; posterior part longitudinally smooth and shiny. Metapleuron almost 
flat, smooth and shiny, lower part with 15–20 hairs. Juxtacoxal carina absent. Sub-
metapleural carina complete, triangularly convex anteriorly. Wings brownish hyaline. 
Fore wing vein 1cu-a distal of 1/M, distance between them 0.2–0.3 times length of 
1cu-a. Areolet open externally. 2m-cu distal of 2rs-m, distance between them 1.25–1.3 
times length of 2rs-m. Vein 2-Cu 3.0–4.0 times as long as 2cu-a. Hind wing vein 1/cu 
4.0–5.0 times as long as cu-a. Front femur (Figure 5) particularly swollen, with fine, 
sparse punctures. Ratio of length of hind tarsomeres 1:2:3:4:5 is 10.0:4.3:3.1:1.5:2.3. 
Hind fifth tarsomere without subapical hook-shaped thorn. Propodeum (Figure 6) 
almost evenly convex, smooth and shiny, lateral sides and area petiolaris with fine, 
indistinct punctures, carinae complete and strong. Area superomedia separated from 
area basalis and from area petiolaris by strong carina, costula located slightly before its 
middle. Propodeal spiracle obliquely elongate, approximately 2.5–3.0 times as long as 
maximum width, almost touching pleural carina.

Metasoma. First tergite with even punctures between median dorsal and dorso-
lateral carinae, smooth and shiny between median dorsal carinae; slightly longer than 
apical width, weakly convergent towards sub-base, combined points of median dorsal 
and dorsolateral carinae projecting as lower horns, abruptly narrowed towards base 
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of tergite. Median dorsal carinae long and strong, reaching 0.7–0.8 length of tergite. 
Dorsolateral and ventrolateral carinae complete. Tergites 2–4 (Figure 7) and anterior 
half of tergite 5 with symmetrical punctures, lateral sides almost parallel. Tergite 2 ap-
proximately 0.78–0.8 times as long as apical width. Tergite 3 approximately 0.67–0.7 
times as long as apical width. Posterior half of tergite 5 and following tergites (Figure 
8) with indistinct fine punctures. Posterior part of tergite 8 smooth and shiny. Apical 
margin of subgenital plate obtuse, without distinct apical-median concavity.

Color. Body almost entirely black (Figure 1). Upper median projection of face 
between antennal sockets whitish yellow. Upper margin of face faintly brown. Vertex 
above eye with small yellowish brown spot. Median part of mandible dark-reddish-
brown. Front femora red. Apical part of front tibiae reddish brown. Front first tar-
somere, apices of mid and hind tibiae, fourth and fifth tarsomeres dark red to blackish 
brown. Pterostigma and veins brownish black.

Male. Body length 9.0–9.5 mm. Fore wing length 6.5–7.0 mm. Upper-posterior 
margin of pronotum more or less yellow.

Hosts. Dioryctria rubella Hampson, D. pryeri Ragonot (Lepidoptera, Pyralidae); 
Gravitarmata margarotana (Hein) (Lepidoptera, Tortricidae).

Host plants. Pinus massoniana Lamb., P. armandi Franch., P. tabulaeformis Carr. 
(Pinaceae).

Etymology. The name of the new species is based on the host food.
Remarks. Similar to T. nigrifemoralis Kusigemati 1971, but can be easily distin-

guished from the latter in having the areolet open externally; area superomedia (Figure 6) 
smooth and shiny, anterior side wide, separated from area basalis by distinct carina; third 
tergite without bare part, entirely with symmetrical hairs; hind tibia entirely black. Tri-
clistus nigrifemoralis Kusigemati 1971 has the areolet closed externally; area superomedia 
rugose, strongly narrowed anteriorly, confluent with area basalis; third tergite bare medi-
ally, sparsely hairy laterally and basal 1/3 of hind tibia yellowish brown.
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