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Classification and Evolution of the Oraseminae in the Old World,
Including Revisions of Two Closely Related Genera of Eucharitinae
(Hymenoptera: Eucharitidae)

Abstract

The Oraseminae and Eucharitinae are hypothesized to form a monophyletic group in
Eucharitidae (Hymenoptera: Chalcidoidea). These 2 subfamilies are redefined to incorpo-
rate new information from species found in the Old World. Phylogenetic methods were
used to analyse morphological characters of adults and immature stages, and behavioural
characters. The Oraseminae was determined to be a monophyletic group; however, charac-
ter states used previously to define the group were found to be homoplastic and resulted in
misclassification of some species. New characters derived from the ovipositor and imma-
ture stages are used to define the subfamily. Monophyly of the Eucharitinae is supported by
adult and larval features. The limits of Eucharitinae are expanded to include 2 new genera
with an independent prepectus that were formerly regarded as Oraseminae, and the subfam-
ily is subdivided into 2 new tribes based on the presence of an independent prepectus
(Psilocharitini) or a fused prepectus (Eucharitini).

Keys to genera and species, descriptions, and biogeographic information are provided
for the 4 genera of Oraseminae and the 2 genera placed in the Psilocharitini. Descriptions of
immature stages and behaviour are provided. Four genera (with type species in parentheses)
included in the Oraseminae are Indosema Husain and Agarwal, 1 species (/. indica Husain
and Agarwal); Orasema Cameron, 16 species in Old World (O. stramineipes Cameron);
Orasemorpha Boudek, 9 species (Eucharomorpha viridis Girault); and Timioderus
Waterston, 5 species (T. refringens Waterston). Two new genera of Eucharitinae are
described: Neolosbanus, 16 species (Orasema palgravei Girault), and Psilocharis, 9 species
(Orasema theocles Walker). Fifty-six species of Eucharitidae are treated, of which 33 are
described as new. Timioderus includes 4 new species (type locality in parentheses): T.
acuminatus (Cape Prov., South Africa), T. coronula (Grahamstown, South Africa), T. peri-
dentatus (Mossel Bay, South Africa), and T. ramosus (Aliwal North, South Africa). One
new species of Orasemorpha is described, O. sparsepilosa (Moree, Australia). Orasema
includes 9 new species: 0. bouceki (Kokoda, Papua New Guinea), O. glabra (Klaserie,
South Africa), O. ishii (Tungpu, Taiwan), O. koghisiana (Koghis Mtns, New Caledonia), O.
nigra (Royal Natal N. P., South Africa), O. promecea (Baiyer Riv., Papua New Guinea), O.
rugulosa (New Britain, Papua New Guinea), O. synempora (Mt Webb, Australia), O. stri-
atosoma (Kampala, Uganda). Psilocharis includes 8 new species: P. aenigma
(Ambohitsitondrona, Madagascar), P. afra (Kalinzu Forest, Uganda), P. dahmsi (Swart
Valley, Papua New Guinea), P. hypena (Tenompok, Sarawak, Malaysia), P. joanneae (Mt
Webb N. P, Australia), P. monilicera (Grahamstown, South Africa), P. pacifica (Mt
Dalaikoro, Fiji), and P. pentella (Aceh, Sumatra). Neolosbanus includes 11 new species: N.
anapetus (Mayoyao, Philippines), N. apoanus (Mt Apo, Philippines), N. kokureanus
(Kokure, Solomon Islands), N. nepalensis (Godavari, Nepal), N. pilosus (Fyan, Vietnam),
N. storeyi (Nondugl, Papua New Guinea), N. taiwanensis (Wufeng, Taiwan), N. townesi




(Kassam Pass, Papua New Guinea), N. violaceus (Baiyer Riv., Papua New Guinea), N.
watanabei (Mayoyao, Philippines), and N. wusheanus (Wushe, Taiwan).

The following new combinations are proposed: Orasemorpha myrmicae (Girault),
Orasema fraudulenta (Reichensperger); Psilocharis theocles (Walker), Neolosbanus
gemma (Girault), Neolosbanus purpureoventris (Walker), Neolosbanus laeviceps
(Gahan), Neolosbanus palgravei (Girault), Neolosbanus gressitti (Watanabe), and
Stilbula ranomafanae (Risbec). Lectotypes are designated for 9 species.

The following new synonymies are proposed: Parasemora Gemignani = Orasema
Cameron; Orasema viridicyanea Risbec = Timioderus refringens Waterston;
Eucharomorpha wheeleri Brues = Orasemorpha tridentata (Girault); Eucharomorpha
dubia Girault, E. fuscipes Girault, E. partiglabra Girault, and E. viridis Girault =
Orasemorpha eribotes (Walker); Psilogaster nishidai Ishii and Nagasawa, Losbanus
petersoni Hedqvist, and Orasema indica Snehalatha and Narendran = Neolosbanus
palgravei (Girault).

A parsimony analysis of 36 taxa using 62 characters resulted in 20 trees of 183
steps. Only 16 of 45 genera of Eucharitinae were used in the analysis of relationships
among genera with a free prepectus, but these represent the major lineages that have
some known biological information. The phylogeny of Eucharitidae is correlated with
ant hosts. Myrmicinae are postulated as the ancestral host of Oraseminae, and
Ponerinae as the ancestral host for Eucharitinae. Correlations between ant-host sub-
families with the phylogeny for Eucharitidae suggest adaptation to new hosts through
colonization rather than coevolution. Phylogenetic relationships among species of
Oraseminae and basal Eucharitinae are used to analyse the historic biogeography.

Introduction

The Eucharitidae (Hymenoptera: Chalcidoidea), as based
on the subfamilies Oraseminae and Eucharitinae (sensu
Graham, 1969; Burks, 1979; Heraty, 1985), is a mono-
phyletic group united by characters of adults, including a
digitate labrum with digits arranged in the same plane
(Darling, 1983a, 1988a), falcate or sickle-shaped
mandibles (except in Timioderus Waterston), obliterated
malar sulcus, and a pronotum that is ventral to the meso-
scutum and not visible in dorsal view (Heraty, 1985,
1989). Monophyly of Eucharitidae is also supported by
characters of first-instar larvae, which include reduction
in number of dorsal setae and loss of spiracles (Heraty
and Darling, 1984).

The Oraseminae and Eucharitinae are parasites of ants
(Heraty and Darling, 1984; Darling, 1988a; Heraty,
1985). Three additional subfamilies, Akapalinae,
Echthrodapinae, and Philomidinae, were recognized and
included in the Eucharitidae by Boucek (1978, 1988).
None of these subfamilies is known to be a parasite of
ants, and the close relationships between them and the
other eucharitine subfamilies have been questioned
(Darling, 1988a, 1992; Heraty, 1990). Before these subfa-
milial relationships can be assessed, it is necessary to
understand the bounds and relationships of the
Oraseminae and Eucharitinae (Eucharitidae s.s.). In treat-

ing the Oraseminae of the Old World tropics, it became
apparent that existing definitions of both subfamilies were
not adequate and needed to be reevaluated.

The Eucharitidae is by far the largest and most diverse
group of hymenopteran parasitoids that attack eusocial
insects. Forty-seven genera and 394 species of
Eucharitidae are known from every zoogeographical
region of the world. Eucharitids are notably absent from
New Zealand and a few of the smaller oceanic islands,
and are relatively poorly represented throughout the
Palaearctic region. The family is most abundant in num-
bers both of individuals and of species in tropical regions
(Heraty, 1985). No genera are shared between the
Nearctic and Palaearctic regions and only a few New
World genera (Orasema Cameron, Kapala Fabricius, and
Pseudochalcura Ashmead) have species in the Old World
tropics also (Heraty, 1985, 1986).

Species of Eucharitidae s.s. attack a wide range of ant
hosts, and recent taxonomic changes in the group (cf.
Boudek, 1988) indicate a general congruence between ant
hosts and eucharitid genera. Adult females deposit their
eggs away from the host in plant tissue using a wide vari-
ety of methods (Clausen, 1940a, 1940b, 1940c, 1941).
The first-instar larva is the active stage that is responsible
for gaining access to the ant host.



Brief taxonomic reviews of the Eucharitidae are pre-
sented in Heraty (1985) and Boudek (1988). Walker
(1862) first recognized the family and proposed the name
Eucharidae. It was divided into 2 subfamilies when Kirby
(1886) erected a second subfamily Eucharissinae for what
are now recognized as derived members of the
Eucharitinae (Boucek, 1988). Boudek (1978) suggested
inclusion of the Philomidinae within the Eucharitidae,
and Burks (1979) erected the subfamily Oraseminae to
include the single genus Orasema Cameron. Oraseminae
was later defined by Heraty (1985) and Boudek (1988).
Boucek (1988) recognized 5 subfamilies of Eucharitidae:
Philomidinae, Echthrodapinae, Akapalinae, Oraseminae,
and Eucharitinae. The Echthrodapinae and Akapalinae
were described as new subfamilies to encompass 2 genera
(Boucek, 1988). The Echthrodapinae and Philomidinae
are parasitoids of stem- or ground-nesting bees, respec-
tively (Michener, 1969; Boudek, 1988; Darling, 1992).
Based on morphology of immature stages, Philomidinae
have been placed as sister group to the Perilampidae +
Eucharitidae, although this relationship is not supported
by adult characters (Darling 1988a, 1992). The biology of
Akapalinae is unknown. Only Oraseminae and
Eucharitinae are known to be parasites of ants.

Oraseminae has been defined by several symple-
siomorphic character states which include a freely articu-
lating prepectus, antenna with an annular basal flagellom-
ere or ring segment (Boudek, 1988; Heraty, 1985), and
the first phragma ventrally inflected behind the pronotum
(Heraty, 1989). Morphology of the immature stages is
known in detail only for members of Orasema Cameron,
which show alternate states to the Eucharitinae. These
states include separation of tergites I and II, lack of a
complete tergopleural line, and presence of cranial setae
(Heraty and Darling, 1984; Johnson et al., 1986). The
Oraseminae was regarded as a monophyletic group based
solely on possession of a subapically expanded and
strongly ridged ovipositor. The absence of an expanded
ovipositor from some of the species included by Boudek
(1988) within Orasema prompted this study of Old World
Eucharitidae.

According to Steyskal (1980), the correct subfamily
name should be Orasematinae and all species of Orasema
should have neuter endings to conform to the Latin stem
of sema. Cameron often created euphonic words for gen-
era without regard to their classical origin (Boudek, pers.
comm., 1991). Translation of the Greek ora- (sign, token,
or mark) and the Latin -sema (edge or region) does not
refer to any peculiar attribute of this genus, and Dalla
Torre (1898) referred to the name Orasema as “Entomol.
obscura,” supporting the lack of any intentional meaning
by Cameron. Of 7 generic names of Eucharitidae pro-
posed by Cameron, none can be translated to mean any
feature of the respective genera. Thus, Orasema should
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be treated as an arbitrary combination of letters. The type
species, Orasema stramineipes Cameron, does not have a
gender-specific ending and does not imply Cameron’s
intentions. If no gender was attributed or implied by the
author, and if the ending is clearly a natural Latin femi-
nine (as in -ma), then that gender is appropriate to the
ending (Article 30d; ICZN, 1985). By treating Orasema
as being of feminine gender, no changes are required for
previously described species, and the usage of
Oraseminae is maintained.

Heraty (1985) recognized 4 genera in Oraseminae:
Orasema Cameron, Losbanus Ishii, Psilogastrellus
Ghesquiere (in part), and Parasemora Gemignani.
Several species belonging to distantly related genera of
Eucharitidae were incorrectly placed in the genus
Psilogastrellus (= Psilogaster Blanchard, 1840), which is
based on the type species Psilogaster cupreus Blanchard
(Boucek, 1988). Psilogastrellus fraudulentus
Reichensperger and the genera Parasemora and Losbanus
are here placed in Orasema, and species previously
placed in Losbanus are herein transferred to 3 different
genera. The Oraseminae as recognized here and by
Boudek (1988) consists of 4 genera: Indosema Husain and
Agarwal (1 species), Orasema (16 Old World species,
80-100 New World species), Orasemorpha (9 species),
and Timioderus (5 species).

Orasema is the most speciose genus of Oraseminae
and is the only circumtropical genus. Forty-two species
are described, of which 37 occur in the New World
(Table 1). Orasema was revised by Gahan (1940), who
based his study on fewer than 300 specimens. I can segre-
gate the New World species into at least 6 different
species groups, and the Old World species described
herein cannot be directly placed within any of these
groups. However, the range in morphology among Old
World species is equivalent to that among the most dis-
similar species groups of the New World. Considerable
biological information is available for species of Orasema
from around the world and indicates very conservative
morphology and habits of immature stages. Putative
synapomorphies for Oraseminae based on the behaviour
of largely New World Orasema include internal para-
sitism during the first instar, use of a thysanopteran or
homopteran intermediate host to gain access to the ant
host, and parasitism of Myrmicinae (Formicidae).

Monophyly of the subfamily Eucharitinae was sup-
ported previously by the anterior fusion of the prepectus
to the pronotum and complete internal enclosure of the
mesothoracic spiracle, the loss of the antennal ring seg-
ment, and the formation of the first phragma as a strong
anterior internal ridge above the dorsal margin of the
pronotum (Graham, 1969; Riek, 1970; Heraty, 1985,
1989; Boudek, 1988). Boudek (1988) extended
Eucharitinae to include Anorasema Boudek and



TABLE 1. List of described species of New World Orasema, and information of geographical region and type locality.

Orasema Cameron, 1884:105

aenea Gahan, 1940:443
argentina Gemignani, 1933:489
aureoviridis Gahan, 1940:448
bakeri Gahan, 1940:452
beameri Gahan, 1940:447
brasiliensis Brethes, 1927:331
cameroni Howard, 1896:133
cockerelli Gahan, 1940:453
coloradensis Wheeler, 1907:12
costaricensis Wheeler and Wheeler, 1937:164
delicatula (Walker), 1862:377
deltae Gemignani, 1937:161
festiva Fabricius, 1804:157
freychei (Gemignani), 1933:192
gemignanii DeSantis, 1968:8
(maculata Westwood) [= Obeza, Heraty 1985]
minuta Ashmead, 1888:188
minutissima Howard, 1897:84
neomexicana Gahan, 1940:450
occidentalis Ashmead, 1892:355
pireta Heraty, 1993:171
rapo (Walker), 1839:66
robertsoni Gahan, 1940:451
salebrosa Heraty, 1993:171
simplex Heraty, 1993:171
simulatrix Gahan, 1940:450
sixaolae Wheeler and Wheeler, 1937:163
smithi Howard, 1896:134
stramineipes Cameron, 1884:105
susanae Gemignani, 1947.6
texana Gahan, 1940:440
tolteca Mann, 1914:183
vianai Gemignani, 1937:162
violacea Ashmead, 1888:187

(violacea) Gemignani, 1947:8 [= O. gemignanii DeSantis)

viridis Ashmead, 1895:553
wheeleri Wheeler, 1907:14
worcesteri (Girault), 1913a:62
xanthopus (Cameron), 1909:433

Neotropical
Neotropical
Nearctic
Nearctic
Nearctic
Neotropical
Neotropical
Nearctic
Nearctic
Neotropical
Neotropical
Neotropical
Neotropical

Neotropical

Neotropical
Nearctic
Neotropical
Nearctic
Nearctic
Neotropical
Neotropical
Nearctic
Neotropical
Neotropical
Nearctic
Neotropical
Neotropical
Neotropical
Neotropical
Nearctic
Nearctic

Neotropical

Nearctic
Nearctic
Nearctic
Neotropical

Neotropical

Missiones, Argentina

Las Flores, Argentina

Uvalde, Texas, U.S.A.

Fort Collins, Colorado, U.S.A.
Ridgeway, Colorado, U.S.A.
Sao Paulo, Brazil

Grenada, West Indies
Albuquerque, New Mexico, U.S.A.
Colorado, U.S.A.

Zent, Costa Rica

Australia (?) [error]

Tigre, Argentina

Central America

Puerto San Blas, Argentina

Isla Martin Garcia, Argentina
Florida, U.S.A.

St. Vincent, West Indies

Organ Mtns, New Mexico, U.S.A.
Los Angeles, California, U.S.A.
Paraguay

Brazil

South Florida, U.S.A.
Argentina

Argentina

Oracle, Arizona, U.S.A.

Limon Prov., Costa Rica
Grenada, West Indies

Bugaba, Panama

Prov. Mendoza, Argentina
Denison, Texas, U.S.A.

San Miguel, Mexico

Cruz Colorada, Argentina

East Florida, U.S.A.
Tepic, Mexico
Austin, Texas
Paraguay

Argentina




Gollumiella Hedqvist, which both have a fused prepectus
but have a distinct anelliform first flagellomere and the
first phragma inflected behind the pronotum (Heraty,
1992). The subfamily Eucharitinae is here redefined to
encompass 2 new genera that have an unfused prepectus:
Neolosbanus gen. nov. (16 species), and Psilocharis gen.
nov. (9 species).

In this paper, four aspects of the systematics of
Oraseminae and Eucharitinae are treated: (1) a phyloge-
netic hypothesis is presented for the Oraseminae,
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Psilocharitini, and Eucharitini (for genera with known
host or larval information); (2) the biology of Oraseminae
and Eucharitinae is reviewed, and new information is pre-
sented on the biology and morphology of immature stages
for Orasema and Neolosbanus; (3) revisionary studies are
presented for 6 genera that belong to the Oraseminae and
Psilocharitini; and (4) the biogeography of the
Oraseminae and Psilocharitini is presented and based,
where possible, on the phylogenetic hypotheses.

Materials and Methods

Specimens of Eucharitidae were examined from over 90
museums in North and South America, Europe, Japan,
Australia, and Taiwan. More than 7000 specimens
belonging to the Oraseminae were accumulated, with the
majority of this material represented by New World spec-
imens. The large amount of material examined has
allowed for a relatively thorough treatment of the world
species, which has been useful for defining generic and
geographical boundaries of taxa.

Museum acronyms are based largely on the system
offered by Amett and Samuelson (1986) with some devi-
ations after Heppner and Lamas (1982). Material referred
to in the text was borrowed from the following institu-
tions: American Entomological Institute, (AEI),
Gainesville, United States (H. Townes); American
Museum of Natural History (AMNH), New York, United
States (M. Favreau); Aligarh Muslim University
(AMUA), Aligarh, India (S. Farooqi, no loan); Australian
National Insect Collection (ANIC), Canberra, Australia
(I. Naumann); British Museum (Natural History)
(BMNH), London, England (J. Noyes and Z. Boucek);
Bernice P. Bishop Museum (BPBM), Honolulu, United
States (G. Nishida); California Academy of Sciences
(CAS), San Francisco, United States (W. Pulawski);
Canadian National Collection (CNC), Agriculture
Canada, Ottawa, Canada (G. Gibson and C. Yoshimoto);
Entomological Institute, Faculty of Agriculture, Hokkaido
University (EIHU), Sapporo, Japan (S. Takagi); Indian
Agricultural Research Institute (IARI), New Delhi, India
(S. 1. Farooqui); Illinois Natural History Survey (INHS),
Champaign, United States (W. LaBerge); Personal
Collection of John M. Heraty (JMH); Entomological
Laboratory, Faculty of Agriculture, Kyushu University
(KUEC), Fukuoka, Japan (Y. Hirashima); Museum of
Comparative Zoology (MCZ), Cambridge, United States
(S. Shaw); Museum National d’Histoire Naturelle
(MNHP), Paris, France (J. Rasplus); Museum of Victoria

(MUYV), Victoria, Australia (K. Walker); Museum Zoo-
logicum Bogoriense (MZB), Bogor, Indonesia (M. Amir);
National Institute of Agro-environmental Sciences
(NIAS), Ibaraki, Japan (K. Konishi); Queensland
Museum (QMB), Brisbane, Australia (E. C. Dahms);
Royal Ontario Museum (ROM), Toronto, Canada (D. C.
Darling); South Australian Museum (SAMA), Adelaide,
Australia (E. Matthews); South African Museum
(SAMC), Capetown, South Africa (H. Robertson); Texas
A & M University (TAMU), College Station, United
States (H. R. Burke); Taiwan Agricultural Research
Institute (TARI), Taichung, Taiwan (L.-Y. Chou);
University of Queensland (UQIC), St. Lucia, Australia
(M. Schneider); National Museum of Natural History,
Smithsonian Institution (USNM), Washington, D.C.,
United States (E. E. Grissell); West Australian Museum
(WAM), Perth, Australia (T. Houston); Zoologisches
Forschunginstitut und Museum “Alexander Koenig”
(ZFMK), Bonn, Germany (H. Roer); Zoologisches
Museum, Humboldt-Universitit (ZMHB), Berlin,
Germany (F. Koch); Zoologisk Museum, Universitets
Zoologiske Museum (ZMUC), Copenhagen, Denmark
(B. Peterson).

DESCRIPTIVE FORMAT

Each description is based on the total number of speci-
mens examined. Mensural character states, where possi-
ble, are based on a representative sample of 10 females
and 10 males over the geographical range of the species,
except for total length of the body, which is based on all
of the examined specimens. Descriptions of the opposite
sex are based only on character states and measurements
that deviate or exceed ranges presented in the description,
which is usually based on females.




TERMS

Terms follow Heraty (1985) for external characters and
details of length measures, and Heraty (1989) for internal
morphology of the mesosoma. Terms for immature stages
follow Heraty and Darling (1984) and Heraty and Barber
(1990). Some modifications of terms for structures are
adopted from Boudek (1988), and Gibson (1989), which
are discussed in the following section on descriptive mor-
phology. There have been several works in the past few
years dealing with morphological terms and attributes of
Chalcidoidea (Schauff, 1984; Heraty, 1985, 1986, 1989;
Gibson, 1985, 1986, 1989; LaSalle, 1987; Woolley, 1988;
Boucdek, 1988; Huber, 1988). In particular, Gibson
(1986), Huber (1988), and Boucek (1988) provide in-
depth discussions of characters and previously used terms
in an attempt to standardize terms for use in descriptive
analysis. Unfortunately, there are still differences of opin-
ion, even with respect to major terms such as the use of
mesosoma or thorax. One hopes for the emergence of a
standard nomenclature for the field that will minimize
future discussions of morphology. Reference to certain
abbreviations and length measures are summarized in
Figures 6, 27, 31-32, 43, 48, 63, 198, 211, and 217-219.

Measurements and Abbreviations

The following abbreviations are used in the text: F1-F11,
antennal flagellomeres following pedicel and including
the anellus; MPS, multiporous plate sensilla; LOL, lateral
ocellar line—minimum distance between lateral (posteri-
or) ocelli; OOL, ocellar-ocular line—minimum distance
between lateral ocellus and dorsal margin of eye; SSS
(Fig. 63), scutoscutellar sulcus; TSA (Fig. 63), transscutal
articulation. Head height was measured from the top of
the median ocellus to the apex of the clypeus. Interocular
distance is the minimum separation of the eyes at their
inner dorsal margin. Length of the malar space (MS) is
the minimum distance between the ventral margin of the
eye and the lateral margin of the oral fossa (Fig. 32a).
Forewing length was measured from the apex of the
humeral plate to the wing apex. Width of the forewing
was measured as the maximum width perpendicular to the
forewing margin at the stigmal vein. Mesosomal width
was measured across the mesoscutum at the transscutal
articulation and does not include the lateral flange of the
mesoscutum just anterior to the tegula. Mesothoracic
length is measured from the anterior margin of the mesos-
cutum to the posterior ventral margin of the frenum.

Setation

The term microtrichia is reserved for setae that are barely
visible using light microscopy at high magnification
(75%), whereas hair is used for a long, narrow, and
observably flexible seta. The term pilose refers to dense,
shorter setae as found on the disc of the forewing. Setae

may be adpressed (decumbent), subdecumbent, semi-
erect, or erect (Boucek, 1988).

Sculpture

Sculpture has a wide range of interpretation within the lit-
erature on Hymenoptera. This makes it difficult to
express similar features across groups (Gibson, 1989).
Recent attempts have been made to standardize sculpture
terminology in Hymenoptera (Eady, 1968; Harris, 1979),
and more specifically in Chalcidoidea (LaSalle, 1987;
Boucdek, 1988; Gibson, 1989). LaSalle (1987) and Harris
(1979) presented excellent scanning electron microscope
(SEM) photographs of various sculpture types; however,
until a general atlas of microsculpture is available for
Chalcidoidea, it will be difficult to define accurately vari-
ous patterns of sculpture (Boucek, 1988).

The most commonly used terms in this work are as
follows: aciculate (ac, Fig. 223): finely striate as if
scratched by needle; alveolate: having a regular network
of broad depressions with slightly rounded, narrow septa;
areolate (ar, Fig. 240): having an irregular network of
broad depressions with sightly rounded narrow septa; car-
inate: having one or more raised, longitudinal ridges;
coriaceous (Fig. 33): leatherlike with minute septa;
crenulate (cr, Fig. 256): scalloped and evenly rounded
with sharp dividing septa; foveate (fo, Fig. 232): having
deep, regular depressions or pits with irregular dividing
septa (finer sculpture is foveolate); glabrate (gl, Fig.
189): smooth or nearly so, shiny and almost devoid of all
sculpture, allows for isolated and minute sculpture and/or
scattered fine setae; glabrous (gs, Fig. 197): completely
smooth and polished and devoid of any hairs or setae;
granulate: minutely verrucose and appearing like sandpa-
per even under high magnification; imbricate (im, Fig.
222): having overlapping sculpture like shingles or scales
of fish; piliferous punctate (pp, Fig. 208): having circular
to oval indentations with broad interstices, each depres-
sion associated with small seta; reticulate (re, Fig. 191):
having a fine, regular network of raised septa (minute
alveolate); ribbed: having longitudinal, parallel, and
strongly raised ridges; rugose (ru, Fig. 187): having
rough, raised sculpture with smooth septa and no regular
patterns evident, dividing septa may be prominent
(strongly rugose) or hardly raised above surface (weakly
rugose) (finer sculpture is rugulose); scabrous: having
rough, sharp-walled septa in irregular pattern, septa often
raised in one direction and rasplike (finer sculpture is
scabriculous); strigate: having fine, longitudinal raised
lines; verrucose: covered with fine, irregularly shaped
spots which could be lobes or wartlike protuberances or
small circular depressions (hard to tell).

Mixed sculpture types have 2 descriptors linked by a
hyphen, with the dominant sculpture type first. Specific
terms used in descriptions can be correlated with the illus-




trations provided. Relative terms such as weak, fine,
prominent, or strong are used within descriptions to refer
to carinae, separating walls of areolae, or other sculpture
types. Definitions of this type are for comparative purpos-
es only and are avoided whenever possible as distinguish-
ing features in key couplets. Fine is usually used in refer-
ence to weak carinae or to areolae that are closely set with
narrow interstices.

Colour

The use of colour in delimiting taxa can have severe
drawbacks due to the effects of different preservation
techniques and specimen age on the nature of the colour
(Huber, 1988). There can be marked differences in colour
of specimens depending on whether they are air-dried or
critical-point dried. Colour change caused by long-term
alcohol storage can be slowed considerably by storage at
low temperatures (Huber, 1988). Although quality of
colour (hue or intensity) can change with time, the pattern
and base colour remain largely unchanged and can be
useful descriptive tools. This is particularly evident in
colour patterns of the scape, coxae, femur, and hind tibia.
The head and mesosoma range from black to a strong
metallic lustre of green, blue, or violet, and sometimes
have iridescent reflections (combinations of colours).

Head

Boucek (1988) provided an extensive description of the
structural features of the chalcidoid head. Some features
peculiar to Eucharitidae are listed below. In some taxa, a
narrow transverse depression on the vertex extends from
the lateral ocellus to the dorsal margin of the eye, here
termed the ocellar-ocular groove (OCG, Fig. 92). The
malar space may be spanned by a narrow depression
termed the malar depression (MD, Figs. 95, 223). This
depression is not associated with a fine groove or line as
in other Chalcidoidea and is often poorly defined when
present. The dorsal margin of the occiput is often cari-
nate. Homology of this carina with a similar carina of
Torymidae is uncertain but the term applied is the same
(occipital carina). The clypeus is margined dorsally by the
epistomal sulcus, and laterally by the clypeogenal suture
(E, C, Fig. 205; Richards, 1977). The apical margin of the
clypeus (CLY) has a distinct glabrous flange or ventral
projection called the anteclypeus (A, Fig. 190) after
Snodgrass (1935) and Habu (1960). The region dorsal to
the clypeus is often swollen and may be bordered laterally
by the frontogenal sulcus (F, Fig. 205; Richards, 1977;
Matsuda, 1980). The labrum is usually flattened and digi-
tate with an elongate seta at the apex of each digit (Figs.
187-205; Darling, 1988a). The gena extends behind the
mandible to the hypostomal carina. Medial to the hypos-
tomal carina, the hypostoma may project as a small lobe
behind each mandible (cf. Richards, 1977). The projec-
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tions of the hypostoma are not considered homologous
with the postgenal extensions found in the Eucharitinae
(Heraty, 1985, 1986). Mandibular dentition is presented
as number of teeth on the specimen’s right and left
mandible, respectively; for example, 3/2 dentate means
right mandible with 3 teeth and left mandible with 2 teeth.

Antennae

The antennae of Oraseminae and Psilocharitini are almost
all strongly geniculate with an elongate scape and a well-
defined pedicel. Antennal segments (or flagellomeres) are
numbered F1-F11, including the basal anellus or ring
segment as F1. The first segment (F1) is either anelliform
or absent from all members of the Oraseminae; if present
it can be recognized by its absence of multiporous plate
sensilla (Boucek, 1988; Gibson, 1989). Funicular seg-
ments are between the anellus (F1) and clava, and in
some taxa may include F2 to F10. The terminal clava may
be comprised of 1 to 3 fused segments (F9-F11). In most
cases individual segments of the clava cannot be identi-
fied; if apparent they are not counted individually in the
total of antennal segments (clava counts as 1 segment).
The term clava or club is somewhat erroneous within the
Eucharitidae as it is often not distinguished from the pre-
ceding segments. Fused segments of the clava can usually
be viewed with transmitted light, and 11 segments can be
distinguished in most species of Oraseminae. Because of
variability in the degree of fusion of segments in the
clava, counts of funicular segments are more reliable in
the determination of reductions in antennal segments.

Mesosoma

Terms for the mesosoma follow Heraty (1985, 1989) and
Gibson (1986). Mesosoma refers to the combined thorax
and first abdominal segment found in the Apocrita. The
term lateral lobe (Fig. 63) refers to the mesoscutal lateral
lobe (Gibson, 1986, Heraty, 1989), side lobe (Heraty,
1985), or scapulae (Boulek, 1988). Axilla refers only to
the dorsal axillar surface (Fig. 63; Gibson, 1986; Heraty,
1989). Scutellum refers only to the dorsal area defined by
the scutoscutellar sulcus anteriorly, frenal line posteriorly,
and axillular sulci laterally or maximum dorsal width if
the axillar sulci are absent (Fig. 63). The posterior region
of the scutellum may be separated by a frenal line to form
a frenal area. Descriptions of the frenal line refer only to
the dorsal aspect (Fig. 63). The central region of the
propodeum delimited by the postspiracular sulci laterally
is termed the propodeal disc (Heraty, 1985). The supra-
coxal flange is a sharp ridge that extends between the
postspiracular sulcus and the propodeal foramen above
the hind coxa (Boucek, 1988). The callus is a usually
swollen area between the postspiracular sulcus and the
metepimeron and may have a distinct patch of elongate
hairs; a small pointed “nib” is found on the dorsal medial



aspect of the callus of some taxa (CN, Fig. 224). The nib
is difficult to observe and the callus must be viewed at an
oblique angle to highlight the protuberance. The meso-
pleuron is divided posteriorly into an upper and lower
mesepimeron separated by a transepimeral sulcus
(Gibson, 1986). The anterior region of the mesopleuron is
the mesepisternum. A wedge-shaped sternaular area
marked by areolate-rugose or foveate sculpture is often
found anterior and ventral to the femoral groove (SA, Fig.
224). This is not considered homologous to the sternaulus
of Ichneumonoidea, even though it is in a similar loca-
tion. The pronotum is usually irregularly sculptured later-
ally with a broadly impressed median longitudinal sulcus,
here termed the pronotal sulcus (Fig. 219).

Wings

Terms follow Boudek (1988) for nomenclature and vein
definitions (Fig. 43). The speculum (SP) is recognized as
a bare area just posterior to the parastigmal vein and base
of the marginal vein (Fig. 122). Absence of the speculum
refers to an even pilosity of this region. Because the apex
of the postmarginal vein is difficult to resolve, measures
of length are prone to error; therefore, only large differ-
ences in length were considered as diagnostic.

Metasoma

The metasoma of Eucharitidae consists of a distinct peti-
ole, comprised of the first metasomal tergite, and the
gaster (Boudek, 1988; Gibson, 1989). The petiole is well
developed in most genera and is fused ventrally in all
except females of Timioderus Waterston. Numbering of
gastral tergites follows Gibson (1989): Mt, to Mt,; Mt,
and Mt, are fused into a syntergum. The first metasomal
sternite is absent (see discussion of Ms, in Phylogenetic
Analysis). The second metasomal (= first gastral) sternite
(Ms,) is constricted at the base in some taxa by a trans-
verse sulcus which is often crenulate and deeply
impressed (Fig. 256). Five gastral sternites are present in
females, designated Ms, to Ms,, with the last sternite
termed the hypopygium. Males have 7 gastral sternites
designated Ms, to Ms,.

Terms of female genitalia follows Boudcek (1988). The
ovipositor stylets are formed by the paired first valvulae
and fused second valvulae (Fig. 31). The ovipositor
sheaths are usually elongate and subtriangular and the
apical gonostylus may be separated from the basal second
valvifer by an oblique suture (Figs. 51, 257). In many
orasemine taxa, the first and second valvulae are expand-
ed and strongly ridged for piercing plant tissue. Notable
features of the first valvulae are the ventral subapical
ridge (observed in profile), and the longitudinal ridge of
fine teeth that occurs laterally between the apex and sub-
apical ridge (SAR, LT, Figs. 31, 262). The apex of the
second valvula may have several strong transverse ridges,

or lateral teeth and a smooth median dorsal area. The
ovipositor in some taxa may be strongly curved forward
but dorsal and ventral aspects are used as if the ovipositor
is straight (i.e., second valvula is always dorsal).

Genitalia of males are generally not useful for identifi-
cation at the species level although some taxa show spe-
cialized features. Terms follow Heraty (1985, 1986; Fig.
103). Genitalia are referred to as being “typical” if the
genitalic capsule is narrow, a smaill median process is pre-
sent, the parameres are narrow and moderately elongate
(Iength is about 0.6x width of basiparameres), the digitus
is flat and disclike with 3 to 5 marginal teeth (strong coni-
cal structures in marginal sockets), and the aedeagus is
subovate apically (Fig. 274).

Sexual Dimorphism

Sexes are readily distinguishable based on the relative
length of the petiole, the shape of the gaster, sometimes
the number of antennal segments, and the presence or
absence of an ovipositor or genitalia that usually are visi-
ble externally. More subtle differences can also be
observed. Males are usually less robust than females: the
mesosoma is slightly smaller in proportion to body size,
sculpture may be more prominent, coloration is darker, and
metallic reflections, if present, tend to be more extensive.

BIOGEOGRAPHIC REGIONS

The 4 major geographical distributions of Oraseminae
and Psilocharitini within the Old World tropics are based
on the presence of unique endemic species or genera:
Ethiopian, Malagasy, Indo-Pacific, and Australian (Fig.
282). These regions are derived from a composite of dis-
tributions for Oraseminae and Eucharitinae (Figs.
275-280).

The Indo-Australasian region is composed of a frag-
mented complex of islands that make it difficult to assign
areas of endemism for the purpose of this study. Two
major regions were recognized from southeast Asia: the
Australian region (Australia excluding north Queens-
land), and the Indo-Pacific region (excluding Australia
except for north Queensland). The 2 regions are apparent
because of several disjunct distributions of species and
genera of Oraseminae and Psilocharitini. The Indo-Pacific
region can be further divided into a number of subregions
as proposed by Gressitt (1956) and adopted by Schuh and
Stonedahl (1986): Indo-Chinese subregion (mainland
Asia from eastern India to Taiwan and including the
Okinawa Islands, and Japan), Malayan subregion
(Vietnam, soythern Thailand, Cambodia, Malaysia,
Borneo, Sumatra, and Java), Philippine subregion
(Philippine Islands), Sulawesi subregion (Sulawesi,
Timor), Papuan subregion (eastern Indonesia, Papua New
Guinea, Caroline Islands, Solomon Islands, and north




Queensland, Australia), and Polynesian subregion
(Pacific islands east of the above regions). Extension of
the Indo-Pacific region to include New Guinea, Cape
York, and the Polynesian islands recognizes a general
similarity in both insect and plant distribution (Gressitt,
1956, 1982; Schuh and Stonedahl, 1986). For purposes of
this study, the Indo-Chinese subregion is shifted slightly
west to accommodate the Indian record of Indosema, and
north to include the Japanese islands of Honshu, Kyushu,
and Tsushima, which are on the marginal distribution of
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Schuh and Stonedahl’s (1956) Indo-Pacific subregion.
Also, the Malayan subregion is here divided into east and
west to recognize the distinct fauna of Borneo (east
Malayan).

The Ethiopian region was not subdivided. No species
of Oraseminae or Psilocharitini were shared between
Africa and Madagascar, and except for a single record
from Cameroon, all of the Ethiopian taxa are located in
southern and eastern Africa (Figs. 275-277).

Phylogenetic Analysis

There has been an increasing number of attempts to
understand the higher classification of Chalcidoidea
based on analyses of apomorphic character states (see
Heraty and Darling, 1984; Gibson, 1986; Darling, 1988a,
1992; Schauff, 1984, 1991; Woolley, 1988). Within the
Eucharitidae, recent attempts were made to understand
classification above the generic level by means of an
analysis of the larval characters of Philomidinae (Darling,
1992), Perilampidae (sensu Boudek, 1988), and
Eucharitidae (Heraty and Darling, 1984). However, a
phylogenetic treatment of Eucharitidae has been ham-
pered by the need for a thorough treatment of taxa in the
Old World, including the description of several new taxa.
In Boucek’s (1988) work on the Australasian
Chalcidoidea, most of the nomenclatural problems were
solved. Several species were reclassified in different
and/or new taxa, which made the relationships of certain
groups clear. Summaries of host relationships for
Eucharitidae published prior to Boudek’s reorganization
show very little congruence of genera with host taxa
(Wheeler and Wheeler, 1937; Clausen, 1940c; Johnson,
1988). The revised classification has greatly increased the
correlation of genera of Eucharitidae with the subfamilies
and genera of host Formicidae.

The Oraseminae was originally erected to encompass
only the genus Orasema (Burks, 1979). Heraty (1985)
and Boudek (1988) defined the subfamily based on pres-
ence of a free prepectus, presence of an anellus, constric-
tion of the first gastral sternite, and presence of an
expanded ovipositor. The first 2 character states are ple-
siomorphic within Chalcidoidea and are of no value in
elucidating relationships (Gibson, 1986). The last 2 char-
acter states were considered as unique within the
Chalcidoidea and were thought to be synapomorphies
supporting a monophyletic Oraseminae. However,
Darling (pers. comm., 1988) observed a similar constric-
tion in Perilampidae, including Chrysolampinae, and the
state is now interpreted as plesiomorphic. Examination of

Old World Oraseminae revealed that an expanded ovipos-
itor is not present in all Oraseminae, as defined above.
Thus, there appeared to be no defining features for the
subfamily.

A study was therefore made of the distribution of char-
acter states within the Oraseminae s./. (Eucharitidae with
unfused prepectus). Under any hypothesis, the phyloge-
netic relationships of the Oraseminae cannot be tested
without comparison to the more derived Eucharitinae,
especially when the monophyly of the Oraseminae s./. is
questionable. Genera of Eucharitinae with known biolo-
gies were therefore included in the analysis. Only 16 of
the 45 known genera of Eucharitinae (sensu Boudek,
1988) were treated. However, these genera represent a
diverse sampling of taxa within the Eucharitinae and are
what I believe to be indicative of the major groups.

The outgroup taxa chosen for the Eucharitidae were
Chrysolampinae and Perilampinae, which together have
been regarded as the sister group of the Eucharitidae
(Boucek, 1956; Graham, 1969; Heraty and Darling,
1984). Boucek (1988) questioned this relationship and
alluded to the possibility of a more distant relationship of
these families within the pteromaloid lineage. In any case,
the monophyly of Chrysolampinae + Perilampinae
(exclusive of the Eucharitidae) has not yet been resolved
and various classifications place the Chrysolampinae in
either the Pteromalidae (Riek, 1970; Burks, 1979) or
Perilampidae (Graham, 1969; Boudcek, 1988; Darling and
Miller, 1991). In the most recent classification, Boudek
(1988) placed Chrysolampinae within Perilampidae. That
classification is adopted here even though larval charac-
ters suggest that Chrysolampinae is the sister group to
Eucharitidae + Perilampidae (Heraty and Darling, 1984;
Darling, 1992). Character states of the adult that support
Chrysolampinae + Perilampinae include the presence of
external pores on the ventral surface of the male scape
and fusion of the first 2 gastral tergites dorsally.
However, both states of the last character occur within




Chrysolampinae. Resolution of this conflict in outgroup
classification was not an objective of this analysis. The
polarity of character states was evaluated against both the
Pteromalinae (Pteromalidae), which are regarded as the
general outgroup for the Eucharitidae and Perilampidae
(Graham, 1969; Heraty and Darling, 1984; Boucek,
1988), and a survey of other families of Chalcidoidea.
Most of the polarity decisions were straightforward and
plesiomorphic states were assumed to be those represen-
tative of a generalized pteromalid. The use of any of the
3 other subfamilies included by Boudek (1988) in
Bucharitidae would not affect the polarity of most char-
acters.

Nineteen characters were evaluated in a previous study
of phylogenetic relationships between the Eucharitidae,
Perilampinae, and Chrysolampinae (Heraty and Darling,
1984). For that publication, larval characters were known
for only a few species of Orasema and a published
account of Losbanus (now Orasema) uichancoi. Conflicts
in characters within Oraseminae s./. suggested that char-
acter states within Orasema were autapomorphic reduc-
tions (Heraty and Darling, 1984). Acquisition of several
new taxa and the opportunity to examine material used in
previous studies by other authors allowed for a reevalua-
tion of character states within Orasema and related taxa.

The character states coded for adults presented several
problems, homoplasy being the largest. For almost every
character state that was evaluated in Oraseminae, the state
was found elsewhere, often within Eucharitinae where it
was clearly a parallel loss or gain. This problem is partly
a result of the diversity of form that occurs in the
Eucharitidae. The large number of taxa and characters
that were evaluated, with all of the confounding homo-
plasy, required computer analysis using parsimony algo-
rithms. I agree with Alexander (1990) that the results of
computer parsimony may not always be a reflection of
evolution because of noise encountered in large data sets.
One way of dealing with this problem is to use the analy-
sis to identify homoplasy and to direct efforts to the eval-
uation of character states that are incongruent with cladis-
tic hypotheses. Noise should not necessarily confound
scenarios that are based on sound character analysis;
rather, it should act as a strong test of the arguments.

ANALYTICAL METHODS
Character states and taxa included in these analyses were
selected during the course of revisionary studies and an
ongoing analysis of the world species of Eucharitidae.
Over the past several years, I have had the opportunity to
examine representatives of almost all of the genera of
Eucharitidae and Perilampidae as well as of several unde-
scribed genera. One theme became evident: the more taxa
that are examined, the more difficult it is to recognize
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uniquely derived character states in the Eucharitidae!
Extensive morphological studies will be necessary to
uncover the value of some of these characters.

Morphological studies were carried out on the muscu-
lature of the mesosoma of several eucharitine taxa and
Orasema (Heraty, 1989). In this study, additional infor-
mation was obtained through additional morphological
studies of the mesosoma, internal and external morpholo-
gy of the first gastral sternite (Ms,), the scape of males,
and the structure of antennal flagellomeres. Homology of
some structures, such as the pores on the scape of males
in Psilocharitini and Perilampidae (see discussion of char-
acter 3), needs to be determined through more detailed
studies. In order to avoid making a priori assumptions
regarding character states, coding of character states
between taxa was conservative. Therefore, although there
are considerable differences in the morphology of pores
on the scapes of Perilampidae and some Eucharitinae
(e.g., external openings in Perilampidae are not evident in
Eucharitidae), the character states were coded as the
same. This introduced considerable homoplasy into the
data matrix and lowered the consistency index of certain
characters, while not altering the resultant cladogram to a
great degree. Certainly, characters that are shown to be
homoplastic need to be reevaluated for homology.

The analysis includes the genera and species groups
studied in this revisionary work and several species in
each of the genera of Eucharitinae listed in Appendix 1.
The Orasema uichancoi-group was divided into a com-
munis OTU (Operational Taxonomic Unit) which includ-
ed O. communis and O. seyrigi (CO; code for OTU in
data matrix); it also contained a uichancoi OTU (UI),
which included all of the Indo-Pacific species.
Psilocharis was divided into 3 monophyletic groups that
were based on the character analysis of species within
the generic treatment, and included the following
species: P. aenigma (AE), P. monilicera + P. pentella +
P. afra + P. hypena (AF), and P. dahmsi + P. pacifica +
P. joanneae + P. theocles (TH). The Neolosbanus pal-
gravei-group was divided into 2 OTUs represented by
N. townesi + N. laeviceps (TO), and N. taiwanensis +
N. pilosus + N. palgravei + N. nepalensis (PA). All other
OTUs represent genera or species groups as represented
in the following generic revisions. The Orasema uichan-
coi-group is similar to the O. festiva-group of species i
Central and South America. The majority of New World
Orasema are closest to the O. assectator-group (AS) o
species with respect to the phylogenetic character set. In‘
Orasema, larval information for characters 50, 56, and 57 ;
is known only for New World species, and this informa-
tion was included as data for the O. assectator-group
Character states for Gollumiella and Anorasema are based
on my revisionary study of these genera (Heraty, 1992
The Eucharitinae s.s. refer to the Eucharitini excludin|




Gollumiella and Anorasema. The genus Schizaspidia is a
speciose group containing 35 described species, a few of
which exhibit character states of the ovipositor that
directly conflict with those found in the Oraseminae (see
character discussions). Adults of these taxa are otherwise
identical with other species of Schizaspidia and there was
no reason to code them as a different OTU. Chalcura
montana (Ishii) was treated as a separate OTU (CH
MONTANA). I do not consider this species as closely
related to other Chalcura.

Characters were coded as binary variables (0, 1) or as
multistate characters (0, 1, 2). Coding of character states
reflects presumed polarity (plesiomorphic = 0), but polar-
ity of all characters was established in the analysis using
outgroup comparisons {Maddison, Donoghue, and
Maddison, 1984). Table 2 lists the plesiomorphic state at
the first ingroup node resulting from the analysis. All
character states were treated as unordered in the analysis
with the exception of the number of male funicular seg-
ments (character 4) and the impression of the femoral
groove (character 29) which was ordered with a user-
defined tree.

CHARACTER ANALYSIS

Characters can be divided into 3 distinct sets: external
adult characters, internal adult characters, and larval char-
acters (including some aspects of behaviour). External
characters of adults were verified in as many species for
each OTU as possible. Examination of internal characters
involved dissections of exemplars from each genus; how-
ever, internal characters are generally conservative
(Heraty, 1989). Complete information on larval morphol-
ogy and behaviour are known for only a small proportion
of Eucharitidae, but representative information is known
for several different taxa. Character state descriptions and
distributions are presented in Table 2 and Appendix 1. An
attempt was made to minimize the number of character
states that were chosen for each character. The following
discussion deals with characters that either cannot be ade-
quately treated in Table 2 or are discussed at greater
length elsewhere (Heraty and Darling, 1984; Heraty,
1985, 1986, 1989; Darling, 1988a; Heraty and Barber,
1990).

Character 1: Anelliform first flagellomere. The pres-
ence of a distinct anellus is generally regarded as ple-
siomorphic within the majority of Chalcidoidea
(Konigsmann, 1978; Schauff, 1984; Gibson, 1986). An
anellus is present and distinct in Chrysolampinae and
Perilampinae; the loss of an anellus in Eucharitidae is
thus apomorphic. The anellus of most Eucharitidae treat-
ed here is typical for other chalcidoids. In Anorasema, the
anellus is present (Boudek, 1988; Heraty, 1992). In
Gollumiella, the basal flagellomere may be anelliform to
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elongate like the following segments, or partially to com-
pletely fused with F2 (Heraty, 1992). The anellus is
absent from all Eucharitinae s.s. (Heraty, 1985; state 1).
In Neolosbanus and Gollumiella, the anellus undergoes
various degrees of fusion with the second flagellomere.
Mulitiple states for terminal OTUs were generally coded
as anellus present.

Character 2: Length of scape. A geniculate antenna,
with an elongate scape, is regarded as plesiomorphic
within Chalcidoidea (Konigsmann, 1978; Gordh, 1979;
Gibson, 1986). The scape is long and slender in
Chrysolampinae and Perilampinae. The length of the
scape is reduced in some groups of Eucharitidae until it
becomes broader than long and the antenna is no longer
elbowed (e.g., Tricoryna and Stilbula; state 1). As dis-
cussed by Gibson (1986), it is difficult to assign an arbi-
trary value to the length:width ratio in order to define the
antenna as geniculate or non-geniculate. A value of 4x
longer than broad is adequate to distinguish the elongate
scape of the majority of Oraseminae and Psilocharitini;
however, reductions in length of the scape in Timioderus,
Indosema, and other Eucharitinae are obvious.

Character 3: Scape of males. Distinct pores (visible on
SEM) on the scape of males are found in Torymidae
(Goodpasture, 1975), Eulophidae (Schauff, 1991), and at
least some Eupelmidae (Gibson, 1990). Males of
Chrysolampus, Euperilampus, and Perilampus (all
Perilampidae) also have small pores on the ventral sur-
face of the scape (state 0; Smulyan, 1936; Darling, 1983a,
1983b, 1986). These pores are clearly visible under high
magnification and may be openings for internal glands
(Darling, 1983b). The pores found in these various groups
indicate that presence may be plesiomorphic. The scape
of males in species of Psilocharis, Neolosbanus, and 1
species of Gollumiella has a ventral patch of small pores
that is visible in slide preparations (Figs. 141-142, 167).
These pores are associated with an apical expansion of
the scape in Neolosbanus and Gollumiella. Examination
of this region using SEM did not reveal external punc-
tures coincident with the pores found on slide prepara-
tions. Scattered minute openings were found in
Neolosbanus townesi, N. anapetus, and N. purpureoven-
tris, but were not found on the scapes of orasemine
species or other Eucharitinae examined. Homology with
pores found in the ingroup and outgroup could not be
confirmed but the states were both given the same code.
Absence of pores from the scape in slide preparations was
considered apomorphic (state 1).

Characters 4 and 5: Number of funicular segments of
males and females. The flagellomeres between the anel-
lus, if present, and the terminal unfused segment (clava)
are the funicular segments (Fig. 48). The segmentation of
slide-mounted antennae of Chrysolampus and
Chrysomalla show 7 funicular segments with a fused 3-
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may offer 4 additional character states to support the
monophyly of Oraseminae: loss of a ventral spine on ter-
gite III (49), larva pustulate (59), pupa pustulate over
petiole (60), and internal parasitism of the host in the first
instar (62). However, the immature stages of
Orasemorpha, Indosema, and Timioderus are unknown
and these character states can be attributed only to
Orasema. The Myrmicinae are the ant hosts (60) for
Orasemorpha and the main hosts for Orasema (Table 3;
see also Table 4); they are predicted to be the hosts for
Timioderus and Indosema.

If larval characters are excluded as possible synapo-
morphies of Oraseminae, then the only support for mono-
phyly of Orasema is that the base of the petiole is trun-
cate and that it has a dorsal flange (39). The monophyly
of the Orasemorpha clade is supported by the presence of
a short, transverse petiole in females (38) and an anterior
projection of Ms, in males (41). The unfused petiole of
Timioderus is either a reversal or a parallel development
with some Chrysolampinae; however, the basic structure
of the petiole is the same in all 3 genera within that clade,
and is unique for Eucharitidae. These results support both
cylindrical eggs and a ventrally separated petiole as
derived states.

Eucharitinae

The limits of the Eucharitinae are expanded to include
Neolosbanus and Psilocharis. Previous definitions of the
Eucharitinae were limited to the Eucharitinae s.s., which
was based on complete fusion of the prepectus (19),
absence of an anellus (1), variously modified antennal fla-
gellomeres (7), and usually an acicular ovipositor (42)
(Burks, 1979; Heraty, 1985). Boucek (1988) included
Gollumiella (as Losbanus) and Anorasema in the
Eucharitinae and showed that both had an anelliform F1
(1) and 13-segmented antenna. By including
Psilocharitini with the Eucharitinae s.s., monophyly of the
subfamily is supported by the presence of an occipital
carina (18), loss of a constriction from the first gastral
sternite (37), elongate and tapered petiole basally (39),
and loss of the constriction from Ms, (40). The occipital
carina is lost in some Eucharitinae, and the base of the
petiole changes in Psilocharis. A weak basal constriction
within the Eucharitinae is known only for Anorasema.
Characters of the first-instar larva that support monophyly
of the Psilocharitini + Eucharitini are fusion of tergites 1
and II (51), presence of a distinct tergopleural line (52),
absence of cranial setae (56), and presence of a labial
plate (58). Character 52 undergoes a reversal in the
Obeza-clade, and the labial plate may be a groundplan
state for Eucharitidae. The Chalcura type of third-instar
larva (59) is treated as a synapomorphy of Eucharitinae
based on its similar occurrence in both Chalcura and
Neolosbanus, but it undergoes major changes in the rest

of the Eucharitinae. Based on a shared ponerine ant host
for Neolosbanus and other Eucharitinae, this host subfam-
ily could also be treated as a synapomorphy at this level.

Monophyly of Psilocharitini is supported by the fol-
lowing: base of flagellomeres with secondary segmenta-
tion (6), genal depression distinct (10), prepectus nar-
rowed ventrally and foveate (20), propodeum smooth and
polished (28), postmarginal vein elongate (36), speculum
present (37), and callus polished and slightly swollen.
Character 10 is lost in derived species of Neolosbanus; 36
and 37 undergo reversals in single species of
Neolosbanus and Psilocharis, respectively, and also show
homoplasy within Orasema. Larval characters are
unknown for Psilocharis, but if similar to Neolosbanus,
then they would be plesiomorphic for Eucharitinae and
offer no supporting characters at this level. One possible
larval synapomorphy is ventral fusion of the cranial
extensions (VFM, Fig. 13), which is discussed in the fol-
lowing section on biology. Within Eucharitinae,
Psilocharitini is distinguished by the independent prepec-
tus and the presence of an anellus in almost all species;
however, these are plesiomorphic features at this level.

Monophyly of Psilocharis is supported by the follow-
ing: scrobal depression with smooth channels (9), femoral
groove broadly impressed (29), and petiole truncate baso-
laterally (39). The latter 2 characters are unique attributes
of Psilocharis. The petiole is always elongate and strong-
ly ribbed and the lateral margins at the base can be flared
laterally. Scrobal channels are also found in Orasema
glabra and are lost in some species of Psilocharis. The
genus Neolosbanus is supported by absence of a distinct
anteclypeus (11), presence of a narrow and sinuate
femoral groove (29), and fusion of the gonostylus to the
second valvifer (46). Characters 11 and 29 are unique
attributes of Neolosbanus whereas character 46 is shared
with Eucharitini.

Monophyly of the Eucharitini is supported by the fol-
lowing: absence of pores from the scape of males (3),
dorsal enclosure of the mesothoracic spiracle (26), and
fusion of the gonostylus to the second valvifer (46).
Again, if pores on the male scape are derived states for
the Psilocharitini and 1 species of Gollumiella, then
absence would be a plesiomorphic character state. Fusion
of the prepectus (19) is treated as 2 character states that
support the different lineages within Eucharitini. If these
groups are indeed monophyletic, then fusion of the
prepectus would be a synapomorphy of the Eucharitini
(Heraty, 1992). There are no larval characters supporting
this clade other than an increase in the number of eggs
laid (61). Other members of the Eucharitini usually
deposit their eggs in clusters of 60 to 10 000 eggs, and
only Schizaspidia antennata is known to insert only 3 to 4
eggs into oviposition punctures, as do Oraseminae and
Psilocharitini. Single or few eggs deposited in punctures
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TaBLE 3. List of genera and species of Old World Oraseminae and Psilocharitini with known host associations.

Immature
Stages
Taxa Country Ant Host* Plant Host (Family)** Known Reference
Orasemorpha
0. eribotes Australia Pheidole sp. Boucek, 1988
0. myrmicae Australia Pheidole sp. PS [BMNH]
O. tridentata Australia Pheidole proxima Brues, 1934
0. xeniades Australia Pheidole PS [BMNH]
tasmaniensis
Orasema
O. fraudulenta  Africa Pheidole third, pupa Reichensperger, 1913
megacephala
O. uichancoi Philippines Celtis (Fagaceae) egg, planidium  Ishii, 1932
Leucaena (Leguminoseac)
0. sp. Solomon Pheidole sp. (W) pupa PS [USNM]
(nr rugulosa) Islands
0. assectator India Pheidole sp. Ceanothus (Theaceae) egg to pupa Das, 1963; Kerrich, 1963
O. initiator India Ceanothus Kerrich, 1963
0. valgius Australia Pheidole sp. (W) Girault, 1913b
Neolosbanus
N. gemma Australia Hypoponera sp. (S) pupa PS [JMH]
N. palgravei Australia Hypoponera sp. (S)  Flindersia (Rutaceae) egg to pupa PS [JMH, TAMU]
Tetrasynandra (Monimaceae) PS [JMH]
Macaranga (Euphorbiaceae) PS [JMH]
Lygodium (Schizaeaceae) PS [IMH]
Malaysia Rutaceae egg, planidium  PS [JMH]
Schizaeaceae PS [JMH]
N. laeviceps Sri Lanka Artocarpus (Moraceae) planidium Clausen, 1940b, 1940c

* Ant determinations by S (= S. Shattuck, ANIC) and W (= E. O. Wilson, MCZ); PS = Present Study.
** Eggs were deposited into leaves for all known plant associations.



may also occur in Anorasema and Chalcura montana,
which also have an expanded ovipositor.

Monophyly of Anorasema and Gollumiella was dis-
cussed in detail by Heraty (1992). Monophyly of the
Eucharitini s.s. (excluding Anorasema and Gollumiella) is
supported by the following: loss of anellus (1), increased
number of labral digits (usually 9 to 16; character 15),
fusion of the prepectus in same plane (19), transverse
axilla (22), presence of internal mesoscutal ridge (25),
and wedge-shaped mesepisternum (32). Character 32
undergoes considerable change within this clade. No
characters of immatures support this clade. The majority
of species deposit their eggs in large numbers into spaces
within preformed plant cavities (flower bracts, under bud
scales, etc.; see Clausen, 1940a, 1940b, 1940c), which
represents a major shift in ovipositional strategies within
the family. Relationships of genera within this clade, as
presented in Figures 1 and 2, are tentative and represent
only an initial hypothesis of relationships. However, the
relationships proposed for Eucharitinae are congruent
with ant hosts, even though ant hosts were not included
within the character matrix used to build the tree.

CONCLUSIONS ON PHYLOGENY
Characters of adults are highly variable within
Eucharitidae and new information based on the taxa
described here creates problems in defining Eucharitidae
at both the family and the subfamily level. More conserv-
ative characters such as larval morphology and behav-
ioural information provided additional resolution neces-
sary to examine relationships among Eucharitidae. The
Oraseminae has been redefined and forms a monophyletic
group containing many of the species of Oraseminae as
defined by Boucek (1988). Two groups are supported
within the Oraseminae: the Orasemorpha clade and
Orasema. The limits of the Eucharitinae are extended to
include the genera Neolosbanus and Psilocharis within
the tribe Psilocharitini. All Eucharitinae with a fused
prepectus are included in the Eucharitini. Larval and
behavioural characters are congruent with the cladogram
constructed using characters of the adults alone, and offer
more unique and unreversed (non-homoplastic) characters
to support the proposed relationships.

Biology

Information on the first-instar larva, other immature
stages in the ant nest, oviposition habits, and ant host is
available for 18 of the 40 known genera of Eucharitidae.
In some groups such as Orasema, Stilbula, and
Schizaspidia, there is considerable information on every
life stage and often for more than 1 species, allowing for
some generalizations on life history. Morphology of the
immature stages, and in particular the sclerotized planidi-
um, is conservative at the generic level and above, and
can be useful in positing relationships at higher taxonom-
ic levels (Heraty and Darling, 1984). Along with informa-
tion on ant hosts and oviposition strategies, inclusion of
such characters within a phylogenetic analysis can serve
to test, supplement, and refine hypotheses derived from
studies of adult morphology. In this section, biologies of
the known members of Oraseminae and Eucharitinae are
treated on a comparative basis. Trends in the evolution of
morphological characters and some behavioural traits
were considered in the earlier section on phylogeny.

All Eucharitidae s.s. are parasites of ants. Parasitism is
indirect in that oviposition occurs in plant tissue away
from the host (Clausen, 1940b, 1940c, 1941). Eggs may
be laid singly or in clusters of up to several thousand
(Clausen, 1940b, 1941; Johnson et al., 1986). Upon
hatching, the first-instar larvae, termed planidia, actively
seek out adult ants or thrips (Thysanoptera) for transport

to the ant nest (Clausen, 1940b, 1941; Wilson and
Cooley, 1972; Johnson et al., 1986). The planidium trans-
fers to an ant larva where it remains as a first instar until
the ant pupates (Clausen, 1940b, 1941). In Orasema, the
planidium burrows just under the larval cuticle and later
becomes external when the ant pupates (Wheeler, 1907).
In most Eucharitinae, the planidium is always external
(Clausen, 1941c). Pupation and emergence take place
within the ant nest. Adults leaving the nest are ready to
mate and lay eggs.

The function and morphology of the ovipositor suggest
a major dichotomy in the Eucharitidae. Five genera of
Oraseminae and Psilocharitini, plus a few species of
Schizaspidia (Eucharitinae), have an expanded ovipositor.
The structure of this ovipositor is unique within the
Chalcidoidea, and in Orasema and Schizaspidia the
ovipositor is used as a tool to hollow out a chamber in
leaf tissue where 1, or rarely up to 4, eggs are deposited
(Clausen, 1940b; Johnson et al., 1986). This is in sharp
contrast to the acicular ovipositor generally found in the
Eucharitinae (Heraty, 1985). The acicular ovipositor is
used to pierce plant tissue and deposit a mass of eggs into
pre-existing cavities between bud scales or in undevel-
oped flower buds. Some eucharitines simply scatter eggs
over the leaf surface and Obeza is known to deposit eggs
into the tissue of fruits (Heraty and Barber, 1990).
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Table 3 is a summary of life-history information for
those species of Oraseminae (Old World) and
Psilocharitini for which the ant host or immature stages
are known. Additional information on habits of New
World Orasema is found in Heraty (1990) and will be
formally treated in a future publication. Within the limit-
ed list of plant associations, 21 species of Oraseminae are
associated with 31 plant genera distributed in 22 families
of plants (Heraty, 1990). In the Old World, plant hosts of
Oraseminae are known only for Orasema, and they are
Fagaceae, Leguminoseae, and Theaceae (Table 3).
Psilocharitini have a broad host range and species of
Neolosbanus have been collected on at least 7 families of
plants (Table 3). Ant hosts are more restricted with
records of 8 genera of ants in 4 subfamilies for both
Oraseminae and Psilocharitini (Tables 3 and 4). The fol-
lowing sections present new and previously published
information on the biology of 3 genera of Oraseminae and
Neolosbanus, and provides a review of the biology of the
Eucharitini (Eucharitinae s.s.). Orasema and Neolosbanus
are considered as representative of their respective
groups.

BIOLOGY AND IMMATURE STAGES
OF ORASEMORPHA

Four species of Orasemorpha have been reared from the
ant genus Pheidole (Table 3). The pupa of O. tridentata
was described as having the margins of the abdominal ter-
gites “raised and carinate, the edge of the second tergite
projecting as a distinct, sharp tooth on each side not far
from the median line” (Brues, 1934:205). These struc-
tures may be similar to those described for Orasema, but
no mention was made of pustules along the dorsal margin
of the petiole, a feature known only for Orasema. Pupae
were not recovered along with the type material of O. tri-
dentata (= wheeleri) which is located at the MCZ.

BIOLOGY AND IMMATURE STAGES
OF ORASEMA

The biology and immature stages of the genus Orasema
were described in detail for several species (Wheeler,
1907; Clausen, 1940c, 1941; Parker, 1942; Wheeler and
Wheeler, 1937; Das, 1963; Heraty and Darling, 1984,
Johnson et al., 1986). There is a remarkable consistency
of both oviposition habits and morphology of immature
stages in Orasema. A generalized biology is presented
below. Specific references to differences among species
groups are only briefly discussed.
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Oviposition Behaviour

Parker (1942) and Das (1963) described details of adult
oviposition behaviour for Orasema. The ovipositor is
inserted forward into the leaf, and eggs are deposited par-
allel to and just under the surface of the plant tissue (Fig.
4). Females of most species have been observed to
deposit single eggs into punctures. The punctures are
either scattered over the plant surface or placed in short,
straight rows into the stems, the underside of leaves, or
the involucral bracts of various plants (Fig. 3; Parker,
1942; Das, 1963; Johnson et al., 1986). Orasema uichan-
coi (Ishii) was reported to lay eggs in short alternating
double rows on the undersurface of leaves (Ishii, 1932).
In most cases, plant tissue surrounding the length of the
oviposition puncture became brown. Plant tissue was
observed to become scarified around the oviposition
punctures of O. sp. nr aenea on leaves of Muhlenbeckia
(Parker, 1942).

Choice of plants in which species of Orasema oviposit
does not appear to be restricted. Females of Orasema are
known to oviposit in leaves of tea (Theaceae), mango
(Anacardiaceae), and oak (Fagaceae); involucral bracts of
composite flower heads; or even into young banana fin-
gers (Museaceae) (Johnson et al., 1986). In Orasema
viridis Ashmead, females oviposit in undeveloped flower
buds of Haplopappus (Compositae) as well as
Sphaeralcea (Malvaceae) (Johnson et al., 1986). Orasema
tolteca Mann and O. sp. nr aenea have been observed to
oviposit on 4 or 5 different families of plants (Heraty,
1990). Within a species, Orasema is generally consistent
in its choice of plant structure for oviposition. All of the
Old World species are known only to oviposit directly
into leaves (Table 3).

Egg (Fig. 4)

Stalked eggs as typical for Eucharitidae; white with
smooth chorion and short anterior stalk, apical thickening
of stalk indistinct (Parker, 1942; Heraty and Darling,
1984; Johnson et al., 1986). The egg stalk is usually bent
over the side of the egg within the oviposition chamber
(Fig. 4), not erect as observed for Neolosbanus (Fig. 18).
Mature eggs have a heavily sclerotized (darkened) first-
instar larva occupying almost the entire egg body, with
the head oriented toward the stalk.

First Instar (Figs. 5-9)

The planidium of Orasema differs from those of other
Eucharitidae in that tergites I and II are separated dorsal-
ly, the mid-ventral seta on tergite III is absent, and the
pleural region of tergite IX is separated into a leaflike
ventral plate. A general discussion of characters in rela-
tion to Eucharitinae and the outgroup family Perilampidae
was presented in Heraty and Darling (1984). Heraty and
Darling (1984) and Johnson et al. (1986) reported the
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absence of a labial plate from Orasema as a loss from the
groundplan state of the Eucharitidae (present in all
Eucharitinae). A weakly sclerotized labial plate was
observed in 1 undescribed species of Orasema from
Mexico, which may offer support for this hypothesis.
Heraty and Darling (1984) suggested that the weak lines
of desclerotization extending from the base of the setae
(Fig. 6) may be a reduced tergopleural line. In Orasema
tolteca, a faint area of desclerotization is apparent along
the tergites in a position homologous to the tergopleural
line in Eucharitinae (Fig. 15) and is distinct from the lines
of weakness associated with the setal bases. An additional
feature found in all species of Orasema examined is the
presence of a broad, ventral extension of the cranium,
which remains separated medially (VFM, Figs. 13-14).

The planidium of Orasema uichancoi, originally
described and illustrated by Ishii (1932), was reexamined
and 3 character states were shown to be incorrectly
described or illustrated: tergites I and II are separated dor-
sally (not fused), labial plate is not apparent (Ishii showed
it as present), and the ventral region of tergite IX is sepa-
rated into a leaflike plate (not shown by Ishii).

The means by which planidia gain access to the ant
nest is unknown, but an intermediate host association
with thrips has been shown for Orasema sp. on
Frankliniella occidentalis (Pergande) (western flower
thrips) (Wilson and Cooley, 1972; specimens examined);
Orasema sp. on Microcephalothrips abdominalis and
Frankliniella sp. (Beshear, 1974); O. coloradensis Gahan
on Sericothrips sp.; O. viridis Ashmead on immature
thrips (Johnson et al., 1986); and O. assectator on
Empoasca flavescens (F.) (tea leafhopper) or Scirtothrips
dorsalis Hood (tea thrips) (Das, 1963). I found additional
associations with thrips for 5 other species of Orasema.
Planidia remain either lightly attached to the surface of
the thrips abdomen (Fig. 5) or burrow into the thrips and
feed, without causing distention of the body segments of
the planidia (Wilson and Cooley, 1972; Johnson et al.,
1986). Planidia of Orasema are often found attached to an
immature thrips.

One hypothesis to explain this phoretic behaviour is
that ants capture thrips laden with planidia and carry them
to the nest as food for the brood. Attempts to prove this
direct transfer have not been successful, but under labora-
tory conditions, a worker of Pheidole crassicornis Emery
was observed in the laboratory to pick up a thrips, with
attached planidia, and carry it to the brood pile. Clausen
(1940b) dismissed the possibility of the thrips as an inter-
mediate step to the ant host because no ants were known
to “tend” thrips, but he neglected to consider the possibil-
ity of predation by the ants. There are reliable records of
Wasmannia auropunctata (Roger) preying upon the
cocoa thrips in Trinidad (Ananthakrishnan, 1984), of
Azteca chartifox as a control for thrips in Brazil

(Ananthakrishnan, 1984), and of Pheidole megacephala
(Fabr.) as a significant predator of Liothrips in Hawaii
(Reimer, 1988). Both Wasmannia and Pheidole are
known hosts of Orasema.

The habits of the early larval stages of Orasema within
the ant nest were described by Wheeler (1907), Wheeler
and Wheeler (1937), and Das (1963). I obtained addition-
al information for Orasema sp. on Pheidole dentata Mayr
and Solenopsis xyloni X geminata, and for O. xanthopus
(Cameron) on Solenopsis sp. (? invicta from Matto
Grosso, Brazil; material collected by D. Wojcik and D.
Jouvenaz, Gainesville, Florida, United States; vouchers in
ROM). The habits of the first instar were the same in all
of the species. Unfed planidia were found attached to the
dorsal surface of the second-instar ant larva and burrowed
under the cuticle of the third instar (Figs. 7-9). On
Pheidole dentata, planidia burrowed just behind the
cephalic region (Fig. 8), whereas locations were more
variable for O. xanthopus. Planidia extracted from the
host larva show an initial distention of the ventral and
unsclerotized regions of the body. Larvae complete a con-
siderable amount of feeding within the host and become
greatly distended (Fig. 8). Upon pupation of the host, lar-
vae become external (Fig. 9) and move to the ventral
region of the thorax of the host, between the deformed
pupal legs (Fig. 10). First-instar larvae show extreme dis-
tention in the final stages with the tergites strongly sepa-
rated.

Second Instar

This instar is more typically hymenopteriform, white, and
very weakly sclerotized with a single pair of mesotho-
racic spiracles (propneustic). The head region is weakly
delineated, with a small pair of pincerlike mandibles. This
stage is virtually identical to other second-instar larvae
described within the Eucharitidae. The second instar
remains attached to the host in the ventral region of the
host thorax.

Third Instar (Figs. 10-11)
This instar is white and membranous with 2 thoracic and

6 to 7 abdominal spiracles evident, 9 enlarged dorsolater-

al tubercles, a smaller series of lateral tubercles continu-
ing onto the prothoracic segment, a pair of medially
divided tubercles lateral to the oral region, the ventral sur-
face of abdominal segments finely ridged, and the oral
region lacking mandibles and consisting of fine striae
convergent on midline. The structure of the third-instar
larva undergoes a series of changes from the early third
instar (Fig. 10) to the prepupal stage largely based on the
definition of tubercles. Prepupal stages are more promi-
nently tuberculate, and precursors of the antennal seg-
ments are evident along ventrolateral margins.
Third-instar larvae complete development on the host,
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and then detach themselves and are free within the brood
pile. The shrivelled host remains, termed phthisergates
(after Wheeler 1907, 1910), stay within the ant colony.

Pupa (Fig. 12)

The pupa has 3 enlarged tubercles along the dorsal mar-
gin of petiolar region, the gaster has raised transverse
bands, and lateral and subventral tubercles are often pre-
sent on abdominal ridges. The gaster of males is smaller
than that of females. The structure of the pupa was seen
to be consistent across broad groups within Orasema
based on data from O. fraudulenta (striatosoma-group;
Reichensperger, 1913), Orasema assectator (assectator-
group), and Orasema sp. nr rugulosa (uichancoi-group)
(Table 3). The structure of the pupae of these species sup-
ports the enlarged tubercles over the petiole as a unique
character of Orasema. Diagnostic characters for species
of Orasema are found in the shape and prominence of
tubercles on the gastral ridges.

Pupation and emergence of adults take place within
the ant nest. Adults of Pheidole and Solenopsis were
observed tending and carrying the adults and pupae of
Orasema within the nest. Workers were observed trans-
porting pupae by the dorsal tubercles over the petiole.
Reichensperger (1913) suggested that the tubercles of lar-
vae and pupae might be secretory and act in ant appease-
ment. Vander Meer, Jouvenaz, and Wojcik ( 1989) found
that pupae and adults of Orasema sp. collected in the nest
of Solenopsis shared the same cuticular hydrocarbon pro-
file of the host brood. The authors proposed that Orasema
may be utilizing colony odour or producing a mimicking
compound, but they downplay the latter hypothesis. More
work needs to be carried out, possibly with a focus on the
tubercles of the third-instar larva and the pupa of
Orasema.

BIOLOGY AND IMMATURE STAGES

OF NEOLOSBANUS
Habits for Neolosbanus are based largely on data collect-
ed by me from 2 populations of N. palgravei observed in
the undergrowth of rainforests in north Queensland,
Australia, and Selangor, Malaysia. The within-nest larval
stages were collected from Hypoponera nesting in rotten
wood at the Australian location. Supplemental informa-
tion was provided by published accounts for N. laeviceps
(Clausen, 1940b, 1940c, 1941), a pupa of N. gemma dis-
sected from a cocoon of Hypoponera, and museum
records of plant hosts.

Oviposition Behaviour

Adults of N. palgravei deposited eggs singly into the
underside of broad-leaf plants belonging to the plant fam-
ilies Rutaceae, Monimiaceae, Euphorbiaceae, and
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Lygodium (Schizaeaceae). Eggs were deposited at
approximately a 45-degree angle to the leaf surface, with
the stalk of the egg erect and slightly protruding from the
opening (Fig. 18). The plant tissue showed no reaction to
freshly deposited eggs (Fig. 18), but became scarified and
swollen around the opening as eggs matured (Fig. 19),
Oviposition punctures were either scattered over the
underside of the leaf (both locations) or deposited alter-
nately in short double rows of about 20 eggs (Malaysian
only). The density of oviposition was extremely high at
both sites and the entire underside of new growth was sat-
urated with punctures. Plants recovered from the wounds, |
and older leaves showed decreasing levels of scarifica- |
tion. Neolosbanus laeviceps deposited eggs singly into
leaves of Artocarpus (Moraceae) (Clausen, 1940b).
Clausen illustrated a puncture of N, laeviceps with 3 eggs, |
but he stated in the text that eggs were deposited singly.
Neolosbanus townesi was collected from leaves of
Castanopsis (Fagaceae) and bamboo (Poaceae) in Papua |
New Guinea (Table 3). There are no oviposition records
for species in the N. gemma- or N. purpureoventris-
groups, but N. gemma was collected from flowers and I v
collected adults of N. purpureoventris on broad-leaf
understorey plants in Taiwan and Thailand.

Egg (Figs. 17-19)

Undeveloped eggs of N. palgravei are white with a
smooth chorion. Mean length of egg body (Australian
population) is 0.14 mm (SD = 0.01, n = 6); mean length

~of anterior stalk is 0.07 mm (SD = 0.01). The anterior

stalk has a thickened apical extension with a mean length
of 0.07 mm (SD = 0.01). Mature eggs have a lightly scle-
rotized first-instar larva occupying almost the entire egg
body, with the larval head oriented towards the stalk (Fig.
17). Eggs of N. purpureoventris are the same, and those
of N. laeviceps are similar but lack an apical extension
(Clausen, 1940b). These eggs are similar to those of other
Eucharitidae (Clausen, 1940c; Heraty and Darling, 1984).

First Instar (Figs. 13-14, 20)

Planidia of N. palgravei are similar to those described for
Eucharitinae (Heraty and Darling, 1984) and possess the
following characteristic states: distinct labial plate; dorsal
fusion of tergites I and II; distinct tergopleural line sepa-
rating pleural region on tergites II-VIII; and 2 ventral
setac on tergite III. Tergite IX shows a partial invagina-
tion of the ventrolateral region of the tergite that is similar
to, but less pronounced than, that in Orasema. Unique
character states for Neolosbanus.include a relatively
broad ventral margin of the cranium, which is fused
medially (Figs. 13—14), and tergites lightly sclerotized
and pale brown in colour. The terminal segments of the
planidium of N. laeviceps (illustrated in Clausen, 1940c¢)
are similar to the Malaysian N. palgravei but have the ter-




gopleural line continuing on tergite IX.

Planidia of N. palgravei collected in Malaysia showed
strong differences from the Australian larvae in the fol-
lowing states: cranium dorsally with raised median area
(Fig. 14); seta present at lateral fusion of tergites I and II;
ventral margins of tergites IV-IX strongly sculpted along
posterior margin; caudal cerci short; body length signifi-
cantly shorter (Malaysian, 0.12 + 0.01 [SD] mm, n = 10;
Australian, 0.14 + 0.01 mm, n = 10; Student’s t, p <
0.01). The Australian population possesses a larger seta
with tuberculate base on tergite VI (Fig. 13), which is
unknown for other Eucharitidae. Additional collections of
larvae may reveal correlations with the minor differences
in adults of N. palgravei such that separate species may
be warranted.

First-instar larvae of N. palgravei move by a looping
motion or can jump for a distance of about 10 mm as
described for other Eucharitidae by Clausen (1940c). No
intermediate host associations were observed on the
plants, and host ants were observed only on the ground.
The high density of eggs and the jumping habits of the
larvae suggest that they “rain” down upon the forest litter.
Within the nest of Hypoponera several partially fed first-
instar larvae were found attached on either side of the
head capsule of mature host larvae (Fig. 20), and on 1
larva within the host cocoon.

Second Instar (Figs. 21-23)

This instar is more typically hymenopteriform, white, and
very weakly sclerotized; the spiracles and mouthparts are
not discernible (Fig. 21). The first-instar exuvium remains
attached to ventral surface. Several second-instar larvae
(1 per host) were found attached to mature prepupae of
Hypoponera within the host cocoon (Fig. 22). Only 1 sec-
ond instar was attached to a deformed pupa with the
pupal legs exposed (Fig. 23), as is more typical for other
known Eucharitidae.

Third Instar (Fig. 24)

This instar is white and poorly sclerotized, with spiracles
and body segmentation not apparent, entire dorsal surface
minutely tuberculate, and exuvium of first instar not
attached. The shape of the third instar is similar to those
of Chalcura, Schizaspidia, and Stilbula (Clausen, 1923,
1928, 1940c), and of Pseudochalcura (Heraty and Barber,
1990).

Pupa (Fig. 25)

The pupa of Neolosbanus palgravei is typically chalci-
doidlike except for raised ridges along the metasomal ter-
gites, as in other Eucharitidae. The cocoon of
Hypoponera was open at the caudal end, and remains of
the host were not found with the pupa. A single female
pupa of N. gemma was collected in 1 of the colonies of

Hypoponera, which was also parasitized by N. palgravei
(Fig. 26). The mature pupa was similar to N. palgravei,
except for characters that distinguish the adults of the 2
species (especially the clypeus and profile of the mesoso-
ma), and to pupae of Eucharitinae.

BIOLOGY AND IMMATURE STAGES OF
EUCHARITINI

The oviposition habits of several species were reviewed
by Clausen (1940a, 1940b, 1940c, 1941) and the ant-host
records were reviewed by Wheeler and Wheeler (1937)
and Johnson (1988). Significantly less information has
been published on the immature stages within the ant
colony, and what little there is, is based on the following
species: Austeucharis fasciiventris (Brues) (Brues, 1919),
Chalcura deprivata (Walker) (Clausen, 1940c), Eucharis
esakii Ishii (= scutellaris Gahan) (Clausen, 1940c),
Kapala terminalis (Clausen, 1940c), Pseudochalcura gib-
bosa (Provancher) (Wheeler, 1907; Heraty and Barber,
1990), Pseudometagea schwarzii (Ashmead) (Ayre,
1962), Schizaspidia convergens (Walker) (Clausen,
1940c¢), Stilbula cyniformis Rossi (Parker, 1937), and
Stilbula tenuicornis (Ashmead) (Clausen, 1923).

Oviposition Behaviour

Adults of Eucharitinae usually deposit large numbers of
eggs into preformed cavities in plant tissue (Clausen,
1940a, 1940b, 1940c, 1941; Heraty and Darling, 1984). In
a few cases, eggs are scattered on the undersurface of a
leaf (e.g., Kapala terminalis; Clausen, 1940b), are placed
in an erect position on a leaf surface in association with
thrips eggs (Gollumiella antennata (Gahan); Clausen,
1940b, 1941), or are deposited into fruit (Obeza floridana
(Ashmead); Heraty and Barber, 1990). In Schizaspidia
antennata Gahan and Schizaspidia nasua (Walker) (=
Kapala foveatella Girault), 1 to 4 eggs are deposited into
oviposition punctures in the leaf tissue (Clausen, 1940b;
Ishii, 1932). The majority of Eucharitinae, including the
43 described species of Schizaspidia, have an acicular
ovipositor, which is used for penetrating plant tissue. In
the above 2 species of Schizaspidia, the ovipositor is sub-
apically expanded and strongly ridged, as in Orasema. In
Anorasema and Chalcura montana (Girault), the oviposi-
tor is expanded along its length, but smooth.

Egg

The eggs are stalked (as is typical for Eucharitidae) and
white and have a smooth chorion; the anterior stalk some-
times has terminal thickening (Heraty and Darling, 1984).

First Instar (Figs. 15-16)

The larva of Austeucharis implexa (Walker) (new infor-
mation on larva removed from body of holotype; Fig. 15)
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is typical for most species in the subfamily as described
in Heraty and Darling (1984). Relevant character states
are discussed under Neolosbanus. The planidia of Obeza
foridana (Fig. 16), Stilbula, and Pseudochalcura are
atypical for the subfamily; they lack the tergopleural line
and have only 1 ventral seta on tergite III. These features
appear to be characteristic of a group of genera within the
Eucharitinae (Heraty and Barber, 1990).

Generally, the planidia of Eucharitinae gain entrance
to the nest by various means of phoretic attachment to
worker ants, independent of any intermediate insect carri-
er (Clausen, 1923, 1940b, 1941; Ayre, 1962; Heraty and
Barber, 1990). One case is known involving an obligatory
thrips association. Clausen (1940a, 1940b, 1941)
described females of Gollumiella antennata (Gahan)
depositing their eggs “vertically, regularly spaced and in
numbers of up to 100, in the immediate vicinity of a
freshly deposited thrips egg.” Oviposition could be
induced only in the presence of the thrips egg. The eggs
all hatch simultaneously and the planidia attach them-
selves to the young thrips. Clausen was not successful in
determining the relationship between the thrips and an ant
host for G. antennata.

Upon entering the host colony, the planidium remains
as an external parasite of the host larvae in Chalcura
deprivata ()*, Eucharis scutellaris (?), Kapala termi-
nalis, Pseudochalcura gibbosa, Schizaspidia convergens
(?), Stilbula cyniformis, and Stilbula tenuicornis
(Clausen, 1923, 1941; Parker, 1937; Heraty and Barber,
1990). Pseudometagea schwarzii is the only species of
Eucharitinae known to burrow into the larval cuticle,
where it overwinters with its host (Ayre, 1962; verified in
my collections from Windsor, Ontario, Canada).

Second Instar
This is similar to the second instar larvae described for
Orasema (Clausen, 1940c, Heraty and Barber, 1990).

Third Instar

This instar is typically hymenopteriform, lacking pro-
nounced ridges or protuberances (Clausen, 1923, 1940c;
Heraty and Barber, 1990).

Pupa

The pupa is typically chalcidoidlike. In Austeucharis,
Chalcura, Schizaspidia, Stilbula, and Kapala, the pupae
can have marked vesicular swellings on the head and
mesosoma, but pronounced ridges or protuberances over
the petiolar region are lacking (Wheeler, 1907; Clausen,
1940c; Ayre, 1962; Heraty and Barber, 1990).

* Question marks in parentheses refer to my difficulty in inter-
preting Clausen’s comments regarding actual observations on
the larvae of these genera.
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HOST-ANT RELATIONSHIPS

OF EUCHARITIDAE 3

There is little information that can be gained for assessing
host relationships within Eucharitidae by looking at taxa",
that are considered to be closely related to Eucharitidae, ]
Chrysolampinae are primary parasitoids of Curculionidae]
and Nitidulidae (Darling, 1986). Perilampinae parasitize a‘
wide variety of hosts including Curculionidae]
(Platypodinae) by Monacon Waterston (Boudek, 1978),1
Anobiidae by Steffanolampus Peck (Boudek, 1978), 1
Eumeninae (Vespidae) by Krombeinius Boudek (Darling,
1988b), Ichneumonidae by Euperilampus Walker
(Darling, 1983a, 1983b), and Chrysopidae, Tachinidae, }
and Hymenoptera (Diprionidae and Ichneumonoidea) by 4
Perilampus Latreille (Darling, 1983a). Echthrodape and |
Philomides are both parasitoids of bees. Only 3
Eucharitidae s.s. are parasitoids of ants. Chrysolampinae 1
exhibit a similar method of egg deposition to New World
Orasema by depositing eggs into seed pods, at random
with respect to presence or absence of the host (Darling
and Miller, 1991), but otherwise there are few similarities 5
with other taxa on methods of gaining access to the host,

Information on the ant hosts of Eucharitidae is summa-
rized in Table 4. Some genera (Orasema and Eucharis) 1
show a very broad host range, with species found on sev-
eral different genera, or even on different subfamilies of
ants. In other genera (Austeucharis, Chalcura, and 3
Tricoryna), the hosts are restricted to 1 genus of ants. s
Orasema have been reared most often from myrmicine
ants belonging to the genus Pheidole Westwood, with
scattered records in the New World from Solenopsis
Westwood, Wasmannia Roger, and Tetramorium Mayr
(Wheeler and Wheeler, 1937; Boudek, 1988). Two
notable exceptions are Orasema coloradensis Ashmead,
which was found associated with Formica (Formicinae)
(Johnson et al., 1986), and a museum record of Orasema
rapo Walker, which was reared from the army ant Eciton
quadriglume (Haliday) (Ecitoninae) (Heraty, 1990). In
the Old World, Orasema and Orasemorpha are known
only from Pheidole.

In the Psilocharitini, 2 species of Neolosbanus have
been reared from the ponerine ant genus Hypoponera.
Hosts of Eucharitini are generally restricted to the
Ponerinae and Formicinae (Table 4), with a few notable
exceptions. The Australian genus Austeucharis has been
reared from Myrmecia Fabricius (Myrmeciinae) (Brues,
1919). Eucharis adscendens Fabricius and Psilogastrellus
punctatus (Foerster) were reared from Messor barbarus
Linnaeus (Ponerinae) in Europe (Fahringer and Tolg,
1912); other members of both genera, which are sister
taxa, were reared from Formica Linné and Cataglyphis
Foerster (Formicinae). Species belonging to 2 closely
related genera of eucharitines, Kapala and Galearia
Brullé, have been associated with nests of Pogonomyrmex




TABLE 4. Ant hosts of the Eucharitidae. Genera of Eucharitidae are listed in a hierarchy based on the cladogram
presented in Figure 2. Psilogastrellus was not included in the cladistic analysis, but is the sister group of
Eucharis. Rearings from host-ant genera presented in parentheses do not belong to the same ant subfamily as the
most common records (presented in last column). Ant genera in which subfamilies are not listed are Eciton

(Ecitoninae), Formica (Formicinae), and Messor (Ponerinae). Numbers in parentheses refer to literature listed

below the table.

ORASEMINAE
Orasema

Orasemorpha

EUCHARITINAE

Psilocharitini
Neolosbanus
Eucharitini
Chalcura
Austeucharis
Schizaspidia
Kapala
Isomerala
Tricoryna
Propsilogaster
Pseudometagea
Eucharis
Psilogastrellus
Obeza

Stilbula
Stilbuloida
Pseudochalcura

Pheidole (4-5, 11-13, 16), Solenopsis (13-16),

Tetramorium (16), Wasmannia (13), (Formica, 10; Eciton, 16)

Pheidole (13, 16)

Hypoponera (16)

Odontomachus (3, 13), Rhytidoponera (16), (?Myrmecia, 3)

Myrmecia (3, 13)

Odontomachus (3, 13, 16), Gnamptogenys (16)
Odontomachus (4, 13, 16), Pachycondyla (13)
Ectatomma (13)

Rhytidoponera (13, 16)

Rhytidoponera (16)

Lasius (1,7)

Formica (2, 4, 13), Cataglyphis (13), (Messor, 13)
Cataglyphis (2), (Messor, 2, 13)

Camponotus (6)

Camponotus (13), Polyrachis (13)
Camponotus (3, 13), Calomyrmex (13)
Camponotus (8, 13)

Myrmicinae

Myrmicinae

Ponerinae

Ponerinae
Myrmeciinae
Ponerinae
Ponerinae
Ponerinae
Ponerinae
Ponerinae
Formicinae
Formicinae
Formicinae?
Formicinae
Formicinae
Formicinae
Formicinae

1. Ayre (1962); 2. Boudek (1956); 3. Boutek(1988); 4. Clausen (1941); 5. Das (1963); 6. Davis and Jouvenaz

(1990); 7. Heraty (1985); 8. Heraty (1986); 9. Heraty and Barber (1990); 10. Johnson et al. (1986); 11. Kerrich
(1963); 12. Van Pelt (1950); 13. Wheeler and Wheeler (1937); 14. Williams and Whitcomb (1973); 15. Wojcik
(1988); 16. Unpublished museum records.

Note: Wheeler and Wheeler (1937) is a summary of all rearing information prior to that year and should be
examined for more detailed information.



Mayr (Myrmicinae) (Wheeler, 1907; Gemignani, 1933).
Neither Kapala nor Galearia have been taken from within
a colony of Pogonomyrmex, and 1 regard some of the
associations listed above for Eucharis, Kapala, and
Galearia as doubtful and in need of verification,

In order to evaluate coevolution between hosts and
parasites, the phylogenetic relationships of each group
can be compared for congruence (Kistner, 1979; Mitter
and Brooks, 1983). Brown (1954) proposed 2 main lin-
eages of ants; the poneroid lineage, which included the
Dorylinae, Ponerinae, and Myrmicinae (this last subfami-
ly was considered as derived from the poneroid tribe
Ectatommatini); and the myrmecoid lineage, which
included the Myrmeciinae as sister group to the
Aneuritinae and Formicinae (Wilson, Carpenter, and
Brown, 1967; Wilson, 1971). Taylor (1978) proposed a
slightly different phylogeny with the Myrmeciinae as sis-
ter group to the poneroid lineage. Baroni-Urbani (1989)
proposed the Myrmeciinae + Ponerinae as sister group to
the Myrmicinae + Pseudomyrmecinae, although he
strongly questioned the relationships between these 4 sub-
families. Holldobler and Wilson (1990) adopted a similar
scheme but included the army ants as sister group to
Myrmicinae + Ponerinae, and placed Formicinae as the
most basal (extant) subfamily of ants. More recent studies
have suggested that the Myrmicinae (together with
Pseudomyrmecinae and Myrmeciinae) either form the sis-
ter group of the Ponerinae, which shares derived character
states with army ants (Bolton, 1990; Ward, 1990;
Shattuck, 1992) or belong to a group including
Myrmeciinae and Formicinae (Baroni-Urbani, Bolton,
and Ward, 1992). If these lineages are compared with the
cladogram produced for eucharitid genera (Fig. 2), dis-
tinctive host correlations are apparent although they do
not necessarily correlate with any of the suggested evolu-
tionary schemes proposed for ants (i.e., Formicinae are
considered as a basal ant lineage, but are hosts to more
highly derived Eucharitinae).

Without a shared host for the Oraseminae or
Eucharitinae (ignoring the single-host records from
Formica and Eciron, and disputed records for
Eucharitinae), it is impossible to determine that either
Myrmicinae or Ponerinae could be the ancestral hosts for
Eucharitidae. The phylogenetic relationships of
Eucharitinae suggest that the Ponerinae are the ancestral
hosts for the Eucharitinae. The genus Austeucharis is
unique in its parasitism of Myrmeciinae. Tricoryna and
Propsilogaster are both parasites of Rhytidoponera Mayr,
and under some tree topologies are considered as sister
groups. The shift to hosts in the Formicinae appears to be
a derived trait within Eucharitidae. The genera Obeza,
Stilbula, Stilbuloida, and Pseudochalcura are a mono-
phyletic group within Eucharitinae, and Camponotus
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species are the hosts for almost all of the species in these
genera (Table 4). Pseudometagea and Eucharis +
Psilogastrellus are placed within a monophyletic group
that includes the Obeza-clade, and all are parasites of
Formicinae. Within the Eucharitinae, these 3 taxa are |
probably more distantly related and may represent sepa-
rate colonizations of Formicinae. The Formicinae are dis- |
tantly related to the Myrmicinae and Ponerinae, and a
shift in host to this subfamily would be regarded as a col-
onizing host adaptation.

CONCLUSIONS ON BIOLOGY AND
IMMATURE STAGES

Almost no homoplasy occurs for characters based on
morphology of immature stages and the biological traits
of the genera under study (Fig. 2). The 2 subfamilies are
strongly separated by behaviour, morphology of imma-
ture stages, and ant host. In the phylogenetic analysis it
was proposed that the expanded ovipositor, and hence
oviposition into chambers formed in leaf tissue, arose at
least four times in Eucharitidae. The inclusion of
Neolosbanus within the Eucharitinae is supported by bio-
logical traits and features of the immature stages which
are unlikely to be convergent (i.e., fusion of tergites I and
I). This would suggest that the phylogeny is robust and
can be used to predict possible hosts and behavioural
traits within the Eucharitidae.

Strategies of Eucharitidae for gaining entry to the nest
of the ant host are extremely variable (see Clausen,
1940a, 1940c, 1941). Dispersal mechanisms of planidia
through placement of eggs by adults or by activity of the
larva determine the likelihood of success on different host
ants. Development of new dispersal mechanisms by
Eucharitidae probably forms the basis of host shifts to dif-
ferent genera of Formicidae. Host shifts by eucharitids
within groups of closely related species or genera of host
ants would be expected, because related ant genera are
likely to have similar foraging strategies. In the New
World, species of Orasema have developed associations
with Solenopsis, Tetramorium, and Wasmannia, which
are probably all ants that are predators of thrips, or would
at least have a similar foraging pattern (size of prey,
search area, etc.) to the proposed ancestral host ant,
Pheidole. Major shifts in the group of ants that are para-
sitized by Eucharitidae may be associated with changes in
dispersal of planidia, through either first-instar behaviour
or oviposition habits of adult eucharitids. Each change in
oviposition behaviour or dispersal of larvae must accom-
modate the behaviour of the ant host, and adaptation to a
new host may result in the rapid evolution of a new group
within Eucharitidae.




