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Phylogenetic revision of the parasitoid wasp family
Trigonalidae (Hymenoptera)

DAVID CARMEAN and LYNN KIMSEY?* Department of Biological Sciences,

Simon Fraser University, Burnaby, BC, Canada and *Bohart Museum, Department of Entomology, University of California,
Davis, U.S.A.

Abstract. A phylogenetic analysis of generic relationships and revised generic
concepts for the Trigonalidae is presented. The Trigonalidae is divided into two
subfamilies, the Orthogonalinae and the Trigonalinae. Orthogonalinae consists of a
single primitive genus@rthogonalys sharing many generalized apocritan characters,
but lacking advanced trigonalid characters including antennal tyloids and female
metasomal armature. No synapomorphies have been detected for the Orthogonalinae.
Trigonalinae are characterized by the presence of tyloids. The Trigonalinae were
originally defined by the absence of female armature, and were therefore polyphyletic
because armature has been lost several times. Within the revised concept of
Trigonalinae, the tribe Trigonalini is characterized by the presence of elongate
parameres and an intertorulus distance subequal to the distance between the torulus
and the eye. A second tribe, Nomadinini, is based on the secondary loss of tyloids,
and comprises the previous subfamilies Seminotinae, Nomadininae, Bareogonalinae
and Lycogastrinae. The two tribes Trigonalini and Nomadinini share the presence of
female armature, although in some Trigonalini it has been secondarily lost. The genera
LabidogonalosSchulz, LycogastroidesStrand, LycogonalosBischoff, Nanogonalos
Schulz,PoecilogonalosSchulz andTaiwanogonalosTsuneki are synonymised under
TaeniogonalosSchulz. The speciesycogaster zimmeriBischoff, Tapinogonalos
maschunaSchulz, andTrigonalys pictifronsSmith (placed inLycogasterby Schulz,
1906a) are transferred tdaeniogonalos The generaDiscenea Enderlein and
StygnogonalosSchulz are synonymised unddrigonalys Westwood. The species
Labidogonalos flavescensBischoff, L. sanctaecatharinae Schulz, Trigonalys
lachrymosaWestwood (placed inLycogasterby Bischoff, 1938), T. maculifrons
Cameron (placed irLabidogonalosby Bischoff, 1938) andT. rufiventris Magretti
(placed inLycogasterby Schulz, 1907a) are transferred Toigonalys Trigonalys
costalis Cresson is synonymised withTaeniogonalos gundlachii(Cresson).
Xanthogonalos fasciatuBertoni and X. severini Schulz are synonymised with
Trigonalys sanctaecatharina¢Schulz). Mimelogonalos partiglabraRiek and M.
punctulataRiek are synonymised witM. bouvieriSchulz. Lectotypes are designated

for Trigonalys melanoleuc&Vestwood andlaeniogonalos fasciatipenn{€ameron).

The author ofTrigonalys maculifrongs Sharp (1895), not Cameron (1897), and the
author of Taeniogonalos enderleiris De Santis (1980), not Schulz 1906. Viereck
(1914) designatedrigonalys pulchellaCresson as type of the gentliapinogonalos
Schulz, preceding Bischoff's (1938) designation, makKiagpinogonalosa synonym

of Orthogonalys A new genusAfrigonalys is proposed for the three species that
were described inTapinogonalos sensuBischoff, nec Viereck.
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36 David Carmean and Lynn Kimsey

Introduction morphological and behavioural characters. These characters
) ) ) ) o clearly distinguish and separate the family from other groups
Trigonalids have a biology unique within the Hymenoptera. g4 that, despite superficial mimicry, there are no extant taxa
Thousands of eggs are laid on foliage (Figs 1-5) and these it can be confused with Trigonalidae. One feature unique to
eggs will not hatch unless consumed by a herbivorous caterpillar 5| members of the family is the presence of sparse white

or Sa_Wf'.i’j larva. Lhe uItin;]gt(; hOSti Ohf trri]gotr)l_alids a:eh theh scales or setae on the outside of the middle flagellomeres of
parasitoids or predators which attack the herbivore, althoug the female antenna (Fig. 13). At magnificationsx080-50

SOme Species will d|re_c_tly parasitise s_awfhes. Some Species of they usually appear as an oval patch of sparse white spots. On
trigonalids may parasitise hosts of different orders and sizes, : .
N . I i : dirty, wet or greasy specimens they may not be visible.
resulting in a great deal of intraspecific variation and confusion. L . . .
Additional features, apparently unigque to trigonalids but

Weinstein & Austin (1991) recognized about 100 valid species . . .
and here we recognize sixteen genera and eighty-eight species,secoml"’IrIIyIOSt ilNomadina/VestwoodBakeronymugohwer,

and have seen approximately twelve additional undescribed and Pseu_donomadlnaYar_nane & Kojima are. mandl_bl_es
species. This group is rarely collected; and the hosts for asymmetrical (Fig. 19), hind trochantellus diagonally divided

most species, and many other aspects of the biology remains@nd @ppearing 2-segmented fiind trochanters apparently 3-
unknown. The biology of trigonalids was reviewed in detail S€gmented) and propodeal spiracle covered by a prominent
by Clausen (1940), Carmean (1991) and Weinstein & Austin flap. Bareogonalosas well asNomadina Bakeronymusand
(1991, 1995). Teranishi (1929), Chen (1949), Riek (1954, Pseudonomadina always have the hind trochantellus
1962a), Townes (1956), Tsuneki (1991) and Smith (1996) are undivided, and some speciesBdreogonalofiave symmetrical
important regional references with keys, although they cover mandibles. Trigonalids are also characterized by a supra-
a limited number of taxa. antennal elevation or raised area above and mesad of the
Most Trigonalidae are relatively large (5-15mm long), torulus that may be reduced to absent in sdBageogonalos
though some are as small as 3 mm. Some species are thin andind related genera (Figs 14-20). Other, possibly plesiomorphic,
elongate, mimicking ichneumonids (Fig. 6), whereas others diagnostic characters are: maxillary palps longer than mandibles
are relatively stout-bodied, mimicking vespids (Figs 4, 5). and 6-segmented, with first segment very small (maxillary
Superficial convergence among phylogenetically distant palps as long as mandible and 4-segmenteBakeronymus
trigonalids is common and appears to be due to unrelated rudimentary and four or fewer segments Momadinaand
species mimicking a common wasp model. Pseudonomadina tarsi with plantar lobes (Fig.21); tarsal
Schulz (1907a) undertook the only global study of trigonalid  claws cleft (Fig. 21); forewing with pronounced costal cell and
generic relationships, and regional studies consistently mention complete wing venation (generally ten closed cells), hindwing
the need for generic revision. Schulz probably had about with two closed cells; propodeal foramen open ventrally; and
250 specimens available to him, about half of which were metasomal terga with short dorsolateral sutures (visible on
Pseudogonalos hahn{Spinola), and most of his specific and tergum Il and often covered on the following terga). Most
generic descriptions were based on one or two specimens. Astrigonalids have 18-28 antennal segments (16-26 flagello-
a resul_t, his genera tende_d to be narrowly defined and basedmeres)’ although some have as few as thirteen segments and
on variable characters. Bischoff (1933) remarked that under g, specimen has been found with thirty-two segments. Tyloids

Schulz's system a new genus would be necessary for each NeW(raised areas without pubescence) (Figs 10-12) on the outside
species. Benoit (1951) stressed the need for broadening generic¢ . iddle antennal segments of males of many species

e o s St S i, gl 21 10 P of (e rouncplan b are derved i e
9 family. Females of many species have ‘metasomal armature’

on a weak foundation of variable characters. Weinstein & _. : L . .
Austin (1991) noted ‘that many genera are poorly defined (Figs 1-3), i.e. projections or raised Iedges.’ postgrlgrly on
and that their monophyly, and that of some subfamilies, is ster_num Il or Ill or both, a feature also derived within the
questionable.’ family and not part of the groundplan.
Since 1907, the numbers of Trigonalidae collected, mainly
through Malaise traps and rearing, have greatly increased.
Because Schulz’s genera were poorly defined and his generic
keys confusing, different workers have placed species in
unrelated genera, or have created new genera synonymousTrigonalidae have a cosmopolitan distribution, with the
with existing ones. The purpose of this study is to revise €xception of arctic and alpine regions. The greatest abundance
generic concepts, to resolve some of the taxonomic confusion Of taxa occurs in the tropics and only one species is found in
which resulted from a lack of understanding of the variability Europe. Most genera are widely distributed. For example,
of genera and species, and to propose monophyletic higher OrthogonalysSchulz is known from Japan, Taiwan, north-
taxa based on shared derived characters. western Vietham, north-eastern India, Madagascar, Tanzania,
eastern South America and eastern North America.
TaeniogonalosSchulz is even more widespread, and is found
in these areas as well as in Australia, Papua New Guinea, the
Solomon lIslands, Indonesia, Sri Lanka and throughout India.
Despite the diversity of form within the family, the Trigonalidae Some genera are more restricted, éimelogonalosSchulz
is clearly monophyletic, and is well-defined by a suite of derived from Australia (with an undescribed close relative in Papua

Distribution

Monophyly and distinguishing characters of the
Trigonalidae
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Figs 1-5. Oviposition of Bareogonalos canadensisiorphology and behaviour. 1-3, Female abdomen; 1, ventral view, the capsule envelopes the
awl which is partially covered with eggs, the armature is at the bottom of the micrograph; 2,3, lateral view, left side is capsule, right side is
metasomal armature and the anterior portion. 4,5, Oviposition in Douglas fir foliage. The female braces the leaf between the awl and the armature
during oviposition. Scanning-electron micrographs by L. Coote.

New Guinea) andSeminotaSpinola from the neotropics.  species oBareogonaloss found in Siberia, Japan and Java.
Nomadinais also known only from the neotropics, but there Other trigonalid species found in Indonesia may be distributed
are two closely related Asian genef@akeronymuswith a as far away as Indidaeniogonalos thwaitegfiVestwood), and
single species known only from the Philippines and Taiwan, China,Lycogaster celebesiengiSzepligeti) andaeniogonalos
and Pseudonomadinaknown only from the Philippines.  fasciata(Strand).

Bareogonalosis found around the perimeter of the Pacific Distributions of trigonalid genera linking widely separated
Ocean, in western Mexico, north-western North America, regions are supporting evidence for the ancient origins of the
eastern Siberia, Japan, Taiwan, Java and Sumatra. The samgroup and appear to be relictual. However, none of the known

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76
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7. 8. 9.

Figs 6-9. Orthogonalys pulchella6, Habitus, side view. 7,8, Dorsal view of metasoma; 7, Male. 8, Female. 9, Posterior view of head. Shaded
drawings by Micki Yuval.

hosts, except for sawflies, can be considered ancient. The mostis widely distributed, absent only from Europe and Australia.
widely distributed trigonalid, Taeniogonalosis a relatively Host information for the genus is limited to a few rearings
derived genus known to parasitise sawflies directly as well as from Lepidoptera pupae which are believed to be intermediate
tachinids and ichneumonids indirectly (Weinstein & Austin, hosts and a tachinid parasitoid of Lepidoptera (see generic
1991). The apparently less derived trigonal@rthogonalys discussion).

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76
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Figs 10-13. Tyloids on the flagellomeres. 10, Elongate-narrow, lindaefiogonalos gundlachiill, Short, oval-roundRseudogonalos hahii
12, Elongate-broadly ovalMimelogonalossp.). 13, Female flagellomere, with specialized setae on protuberant area in middle of micrograph
(Bareogonalos canadengisScanning-electron micrographs 10-12 by P.S. Ward; 13 by L. Coote.

Systematics armature, must be considered in assigning species to
subfamilies, tribes and genera.
What little systematic stability this family has enjoyed Previously, venational characters were given considerable

historically has been an artefact due to its obscurity and the weight in defining genera (Cameron, 1899) and subfamilies
difficulty in developing adequate generic concepts. Schulz (Schulz, 1905). Some of these characters are now known to
(1907a) and those who followed him placed the most distinct vary even between the left and right side of individual
and autapomorphic genera, eBareogonalosSeminotawith specimens. Indeed, Benoit (1951) argued against using the
XanthogonalosSchulz) andNomadina(with Bakeronymusin form and size of the submarginal cells as an important
their own subfamilies. The remaining genera were either systematic character. However, if many specimens are available,
united in one subfamily (Bischoff, 1938), or divided into two some generalizations may be informative. For example,
subfamilies, based on the presence or absence of femalealthough there are exceptions, maStthogonalys have a
metasomal armature (Schulz, 1907a; Benoit, 1951; Weinstein petiolate submarginal cell 1, as do mostomadina that

& Austin, 1991). Although the armature is an obvious character we examined Mimelogonalos Lycogasterand Bareogonalos
unique to the trigonalids, it has been lost independently in consistently have submarginal cell Il broadly attached, but
some species of the genefaeniogonalosand Trigonalys In many Taeniogonalosand Trigonalysare intermediate, so that
addition, armature presence or absence varies geographicallyRs meets 1 m-cu, with enough variation so that the submarginal
in the specie§aeniogonalos thwaitesiand Riek (1962a) used  cell is sometimes petiolate or broadly attached.

a series of figures to show that the armaturdaéniogonalos Because the ultimate host is not selected at oviposition, the
venatoria Riek also varies from prominent to reduced. size of the host can vary considerably, and thus the size of
Therefore, it is clear that other characters, in addition to individuals within a trigonalid species can also vary greatly.
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The extent of markings can also vary. Tsuneki (1991) illustrated
and discussed the range of variation possible in the size
and markings ofTaeniogonalos sauterBischoff. Series of

specimens collected at the same location and time often have Although trigonalids from key geographical

individuals that depart from the norm for what is considered
a definitive character. For example, a specimerSeminota
marginata (Westwood) has symmetrical mandibles (BMNH)
or oneBareogonalos jezoens{®#Jchida) has a flat dorsellum
(CARM). This variation and anomaly makes it difficult to

termsintermediate hostvhen a trigonalid needs to develop to
adulthood in a second host, antfimate hosffor the host that

the larva uses to complete its development.

regions,
including South-east Asia, Africa and South and Central
America remain undercollected, we have had about 2300
specimens from over fifty collections available for study. Most
genera were represented by series of forty or more specimens.
Even so, many species and some genera are represented by

establish valid differences among species, especially when few only one to a few specimens, often of one sex, and many other

specimens are available.

Finally, most earlier workers incorrectly believed that the
metasomal armature was found on males only (Westwood,
1841, 1843; Smith, 1851; Cresson, 1865; Buysson & Marshall,
1892; Cameron, 1897, 1899; Magretti, 1897; Harrington, 1898;
Schrottky, 1906; Banks, 1908) and thus identified females with
metasomal armature as males. Even Schulz (1905) initially
made this error, although his later works were accurate.

Materials and methods

Morphological terminology follows that of Gauld & Bolton
(1988), except that the ternmesosomametasomasternum
and tergum are used here. The term metasoraahature is
used for the various modifications (projections, stout spines or
raised posterior edges) found on sterna Il and/or Il of some
females. Theawl is the sclerotised tip of the terminal sternum
of the female that is shaped and functions like a hypodermic
needle to pierce foliage for the oviposition of eggs (Yamane
& Yamane, 1975: Fig. 16). In many cases it is held in the
preceding sterna which are flattened intoagosule(Figs 1-3).
The term supra-antennal elevatiofSAE) is used for any
elevation or modification above and mesad of the torulus
(Tsuneki, 1991). The number of antennal ‘segments’ includes
the scape, pedicel and flagellomeres. Malar space is ‘short’ if
it is shorter than the width of the first flagellomere and ‘long’

species originally described from one to a few specimens
remain unknown to us. We have seen the types, holotypes
(designated by *" in the species lists), syntypes or lectotypes,
of thirty-seven species, including eleven types previously listed
as missing or with their deposition unknown (Weinstein &
Austin, 1991). We have seen paratypes of an additional
nine species. The types of many species are apparently lost
(Weinstein & Austin, 1991), and the species descriptions are
often inadequate to determine their identity.

The characters in the data matrix (Table 1) are identified by
numbers assigned in the section on character analysis; these
numbers serve to identify the characters in the cladograms
(Figs 24-30). The terminal taxa used in the analyses are the
hypothetical ancestor and the genera of Trigonalidae. So that
results from the phylogenetic analysis would challenge our
generic definitions and synonomizations, we also included
species representing the previously recognized (and here
synonymised) generalLabidogonalos Nanogonalos and
PoecilogonalosSchulz, as well as taxa whose placement is
tentative, includingTaeniogonalos flavocinctéleranishi) and
T. maga(Teranishi). Due to the small number of specimens
and in some cases their poor condition, it may not be possible
to evaluate the relationships of Tsuneki's new genera and
species until more specimens are collected (Tsuneki, 1991).

Parsimony analyses were carried out using MacClade
3.01 (Maddison & Maddison, 1992) amdup 3.0s (Swofford,

if it is longer. Only the metasomal segments are used for 1991)- MacClade was used for entering data and comparing
counting sterna and terga. Forewing (FW) length is measured different phylogenetic hypotheses (cladograms) and character

from the break between the costal vein and the humeral plate evolution ancPaupwas used for finding the most parsimonious
to the wing tip. Body length is measured from the antennal trees and their statisticsauP's default heuristic search settings

insertion to the furthest point of the metasoma, and is not Were used with more than fourteen taxa, and 100 random
standardized due to changes in alignment of the head andStepwise-addition replicates were used to search for additional
metasomal segments. To see the angle of the gena in theparsimonious trees. With fewer than fourteen taxa, we used
horizontal plane, the termination of the genal carina, and the branch and bound search, which will find all the most
whether the genal carina is mesad of or on the genal angle, parsimonious trees.
the head must be orientated so that it is viewed ventrally = Hennig86 ver. 1.5 (Farris, 1988) was also used for parsimony
(Figs 22, 23). analyses. Polymorphic characters in the data matrix (Table 1)
Clausen (1940), Cooper (1954), Carlson (1979) and Gelhauswere converted to monomorphic characters using the
(1987) used the term secondary host for the folivore whereas ACCTRAN option in MacClade on the tree in Fig. 28. In
Gauld & Bolton (1988) and Weinstein & Austin (1991) used the case of the propodeal scutellum X&nthogonalosthe
the term primary host. Because of this ambiguity, we use the polymorphism was not resolved, so the character state was

Figs 14-20. Heads, anterior views (all bars 1 mm). 1@rthogonalys pulchellal5, Seminota 16, Pseudogonalos hahniil7, Taeniogonalos
gundlachij 18, Bareogonalos canadensit9, Taeniogonalos venatorj&0, Nomadina

Fig. 21. Tarsi, with plantar lobes (broken from penultimate tarsus) and cleft tarsal cBavedqgonalos canadengis
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Y
< Genal angle at -~ ~ Genal A.ngle
Occiput deeply  Occipital Carina e (no carina)
22. excavated 23. Occiput shallowly excavated

Figs 22-23. Ventral view of head. Genal carina and genal angle. T2@onalys 23, Taeniogonalos

Table 1. Data matrix for the cladistic analyses. Characters that are polymorphic in a taxon where the groundplan is uncertain are recorded on two
lines. Numbers and coding for characters correspond to those in the Character Analysis section of the text.

Character
1 2 3
Taxon 1234567890 1234567890 1234567890
Outgroup (Evaniomorpha) 0040010070 0001007107 ?000000?7?7?
Ancestor (trigonalid groundplan) 0070000070 0000007000 ?000000??7?
Afrigonalys 0042000771 1007002022 2022177
3
Bakeronymus 1142111071 0om111111 2000111212
2
Bareogonalos 1041007077 0001002140 1001133
Lycogaster(Asian) 0042001071 1000002022 21021111372
3
Lycogaster pullata 0042001070 1000002022 2102133
Mimelogonalos 0010000121 1000002020 2102100712
Nomadina 1042011077 0001101130 2000111213
Orthogonalys 0010000070 0000001000 1000000711
Pseudogonalos 0010000110 2000007012 1001000721
Pseudonomadina 11421110?? 00111130 2000111212
Seminota 0042001071 0000007021 2102113
Taeniogonalos enderleini 0031000131 1000007022 2102100722
Taeniogonalos fasciata 0031000131 1000007022 2122100727
Taeniogonalos fasciatipennis 0031000771 1000007022 2177100777
Taeniogonalos flavocincta 0031000171 1000007022 212210122?
Taeniogonalos gundlachii 0031000131 1000007022 2121101122
2
Taeniogonalos maga 0021000131 1000002022 2102100722
3
Taeniogonalos ornata 0031000131 1000002022 2101100722
2
Teranishia 0020000770 0000002012 107?000???
3
Trigonalys 0011000111 3100007022 2102171222
Xanthogonalos 0041000071 1000001011 21m1133
3
Genus 1 (Japan) 0020000720 0000001040 ?0?1010?7??
Genus 2 (New Guinea) 0010000120 1000002010 1001000712
1 3 2
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changed to unknown, resulting in a tree one step shorter. This INBIO

file was exported to Hennig86, and then analysed using the

implicit enumeration option, which will find all the most
parsimonious trees, and successive approximations character
weighting (Farris, 1969). The Hennig86 file was imported back ISNB

in to pauP and reanalysed, giving the same results as the

original paup input file with polymorphic characters.

In the species lists, no attempt is made to duplicate the

catalogues of Bischoff (1938) and Weinstein & Austin (1991).

Synonymies and bibliographic details listed by them are not

INHS

ITLI

1ZAV

repeated except for clarification. Type repository information KIMS
is based on Weinstein & Austin (1991) and our correspondence LACM
with the collections. Repository and label information is given
in Carmean (1993) for specimens examined of less common LEMQ
species. In a few cases we transferred or synonymised species

without seeing the types because the type species of the genud SUC
in which they were placedPpecilogonalosNanogonalosand

Discenea was also transferred, or because, based on the

description, they were obviously misplaced.

Collection abbreviations

Specimens were obtained from the following collections and
individuals, using standard abbreviations from Arnettal
(2993) for institutions and the first four letters of the last name
for personal collections:

AEIC

AMNH
ANIC

ANSP
BMNH
BPBM
CARM
CASC
CDAE

CMNH
CNCI

CuIC
EMUS
FSAG
FSCA
HNHM

IMLA

American Entomological Institute, Gainesville, D.
Wahl

American Museum of Natural History, New York,
E.L. Quinter

Australian National Insect Collection, Canberra, I.
Naumann

The Academy of Natural Sciences of Philadelphia,
D. Azuma

Natural History Museum, London, L. Ficken, T.
Huddleston, I. Gauld and M.C. Day

Bishop Museum, Honolulu, K. Arakaki

D. Carmean personal collection

California Academy of Sciences, San Francisco,
W.J. Pulawski

California Department of Food and Agriculture, M.
Wasbauer

The Carnegie Museum of Natural History, J. Rawlins
Canadian National Collection, Ottawa, L. Masner
and J. Huber

Cornell University, Ithaca, J.K. Liebherr DENH
University of New Hampshire, D.S. Chandler

Utah State University, T. Griswold and F.D. Parker
Collections Zoologiques, Gembloux, J. Leclercq
Florida State Collection of Arthropods, Gainesville,
J. Wiley

Hungarian National Museum of History, Budapest,
J. Papp

Fundacion Miquel Lillo, San Miguel de Tucuman,
A. Willink

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76

MACN

MAMU

MCzC

MEMU

MLPA

MNHN

MRAC

MRSN

MZSP

NCSU

NHMW

NHRS

OMNH
OSuUO

OXUM

PAGL
PORT
PSUC

RMNH

ROME
SCAR
TAMU
TARI
TMSA
ucbcC

UCRC
UOPJ
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Instituto Nacional de Biodiversidad, Costa Rica, D.
Janzen

lllinois Natural History Survey, Champaign, K.C.
McGiffen

Institut Royal des Sciences Naturelles de Belgique,
Brussels, P. Dessart

National Institute of Agro-Environmental Sciences,
Tsukuba, Japan, K. Konishi
Universidad Central de Venezuela,
Venezuela, J.L. Garcia R.

L. Kimsey personal collection, Davis
Natural History Museum of Los Angeles County,
Los Angeles, R.R. Snelling

Lyman Entomological Museum, McGill University,
Quebec, P.M. Sanborne

Louisiana State University, V. Mosely and C.B. Barr
Museo Argentino de Ciencias Naturales ‘Bernardino
Rivadavia’, Buenos Aires, A. Bachmann

Macleay Museum, Sydney, Australia, D.S. Horning,
Jr.

Harvard Museum of Comparative Zoology,
Cambridge, Massachusetts, D. Furth

Mississippi Entomological Museum, Mississippi
State University, T.L. Schiefer

Universidad Nacional de La Plata, Ricardo A.
Ronderos

Museum National d’'Histoire Naturelle, Paris, J.C.
Weulersse

Musee Royal de I'Afrique Centrale, Tervuren, E.
De Coninck

Spinola Collection, Museo Regionale di Scienze
Naturali, Torino

Museu de Zoologia da Universidade de 8aulo,
C.R.F. Brant

North Carolina State University, Raleigh, R.L. Blinn
Naturhistorisches Museum, Vienna, M. Fisher
Naturhistoriska  Riksmuseet, Stockholm, B.
Gustafsson

Osaka Museum of Natural History

Oregon State University, Corvallis, G. Ferguson and
J.A. DiGiulio

Oxford Museum (Hope Entomological Collections),
Oxford, C. O'Toole

G. Pagliano personal collection, Torino

C.C. Porter personal collection, Gainesville

Frost Entomological Museum, Pennsylvania State
University, D.W. Love

Rijksmuseum van Naatuurlijke Historie, Leiden, C.
van Achterberg

Royal Ontario Museum, Toronto, C. Darling

L. Scaramozzino personal collection, Torino
Texas A & M University, E.G. Riley

Taiwan Agricultural Research Institute, L.Y. Chou
Transvaal Museum, Pretoria, K.N. Dower

Bohart Museum of Entomology, University of
California, Davis, S. Heydon

University of California, Riverside, S. Frommer
University of Osaka, T. Hirowatari

Maracay,
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UMMZ  University of Michigan, Ann Arbor, M. O’Brien carina (in some taxa ending at the mandibular base instead),
and B.M. OConnor and a propodeal foramen that is evenly curved or ‘U’-shaped
USNM  United States National Museum, Washington D.C., dorsally. Stephanidae have a long malar space, genal carina
D.R. Smith and G.F. Hevel ending near the hypostomal carina, and a ‘U’-shaped propodeal
WSUC  Washington State University, Pullman, R.S. Zack  foramen (which is otherwise very different from the form in
YAMA  Sk. Yamane personal collection, Kagoshima Trigonalidae). No trigonalids have reduced wing venation or
ZMHB  Zoological Museum of Humboldt University, Berlin,  an elongate first metasomal segment. In addition, trigonalids
F. Koch have the antenna far removed from the mandible, except the
ZMUC  Universitetets Zoologiske Museum, Copenhagen, B. derivedPseudonomadinand BakeronymusWe conclude that
Petersen the ancestral trigonalid, as in most evaniomorphs, had the
ZSMC  Zoologische Staatssammlung, Munich, E. Diller. genal carina ending near the hypostomal carina, a ‘U’-shaped

propodeal foramen, and a long malar space, although this
feature is too ambiguous in most taxa to be included in the
analysis. The ancestor probably lacked such advanced trigonalid
characters as male tyloids, female armature, and sclerotization
in the last female abdominal sternum.

We used two outgroups separately: one is based on the
Outgroup analysis presumed primitive Evaniomorpha and is here called the

Evaniomorphwhereas the other is based on the hypothetical

Trigonalidae have been placed in or near most other major ancestral trigonalid groundplan and is called Areestor The
lineages of apocritan hymenopterans at one time or another. Evaniomorph is based on the families Stephanidae, Aulacidae,
Recently, Whitfield (1992), Rasnitsyn (1988) and Johnson Evaniidae, Gasteruptiidae and Megalyridae. Characters for
(1988) placed the Trigonalidae in the Evaniomorpha, along Megalyridae were taken from the literature (Shaw, 1990;
with the Evanioidea, Ceraphronoidea and the Megalyridae. Naumann, 1991). The Ancestor is similar but is influenced by
Rasnitsyn (1988) considered the Stephanidae also to beOrthogonalys and has the family synapomorphies of
evaniomorphs but Whitfield (1992) placed the Stephanidae asymmetrical mandibles and trochantellus divided; the
basal to all other Apocrita. Whitfield (1992) also considered a character state for the SAE is unknown in the ancestor, whereas
second possibility, with the Trigonalidae part of an unresolved in the evaniomorph outgroup it is flattened. The number of
trichotomy between Trigonalidae, Evaniomorpha and the antennal segments is greater than seventeen in the ancestral
‘Microhymenoptera’. Dowton & Austin (1994), using DNA  trigonalid and less than seventeen in the evaniomorph. The
sequence from the mitochondrial 16S rRNA gene, found the shape of the propodeal foramen is a low ‘U’ shape in the
Trigonalidae close to the base of the Apocrita along with the ancestor and unknown in the evaniomorph. The remaining
Evanioidea, but otherwise unresolved. Basibuyuk & Quicke characters have the same state in the ancestor and the
(2995) found the structure of the basitarsal comb in the evaniomorph. The ancestor and the outgroup were used
Trigonalidae and Evaniidae, but not other proposed separatelyinthe parsimony analyses, and the exact same results
Evaniomorpha, to be almost identical. Like the other families were obtained from each, witBrthogonalyshasal to the rest
in the Evaniomorpha, trigonalids have the derived character of of the Trigonalidae (Fig. 24).
an elongated mesal lobe on the surface of the mesocoxa
(Johnson, 1988).

The Trigonalidae are so divergent morphologically from all  Character analysis
the other Hymenoptera that outgroup analysis for most

characters is speculative. Of the thirty characters used in this ¢y, acteristics used in this analysis are discussed below. Their
study, twenty-three can be found in the outgroups and contribute jyterreq primitive and derived states are discussed below

to outgroup analysis, including two of the twenty morphological 5 i the previous section on outgroup analysis. When the
characters that Shaw (1990) used in his analysis of the o\ aniomorph or ancestral outgroup state could not be deduced,
Megalyridae. The ancestral states of these later two characters;; 45 peen coded as unknown (?) because it contributes no
are areolate-rugose propodeal sculpturing and - elongate ytormation about polarity of character state change. Characters
flagellomeres. Elongate body-form is the ancestral state for \ e e treated as unordered and reversible, and not weighted
megalyrids (Shgw, 1990') and appears ancestral'ln tr'gonal'd§'except in one analysis using posteriori successive
but beca.luse of.lntern.]edlate.states was not uged in our analys'sapproximation character weighting (Farris, 1969). Inferences
Comparing trigonalids with ~other Evaniomorpha, the ,pq ¢ polarity, based upon outgroup comparison, are given
Ceraphronoidea have metasomal tergum | longer than all the oy byt yitimately polarity was determined after the cladistic
following terga, the antennae close to the mandibles, reduced analysis as a consequence of outgroup rooting of the trees.
wing venation, a long malar space and the genal carina meeting-l-he data matrix is presented in Table 1.
the hypostomal carina. The Evaniidae have a long malar space,
with the genal carina just mesad of the relatively sharp genal 1. Head shape(0) rounded, normal (Figs 14—-17; Tsuneki,

g J y pg p 9
angle, and ending at the mandibular base. Aulacidae have a 1991, Figs 49 and 156); (1) subrectangular and wide (in
long malar space, genal carina usually meeting the hypostomal anterior view) (Figs 18 and 20; Yamane & Yamane, 1975,

Abbreviations for other institutions mentioned in the text are:
EIHU Hokkaido University, Sapporo; MCSN Museo Civico di
Storia Naturale, Genoa; MLUH Universitalalle, Halle.
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Fig. 5; Yamane & Kojima, 1982, Figs 1a and 2a; Tsuneki,
1991, Figs 2 and 9). Heads of evaniomorphs are generally
rounded and tall. Bareogonalos, Nomadina,
Pseudonomadina and Bakeronymus have the derived
state.

2. Vertex shape(0) normal, convex, or flat (Figs 14-18, 20);

(1) concave. Only two Asian generBakeronymusand
Pseudonomadindave their head deeply indented along
the dorsal sagittal plane, and this is apparently the
derived condition.

3. Supra-antennal elevatio(SAE): (1) prominent, meeting

or nearly meeting at midline (Fig. 14); (2) prominent,
not meeting at midline; (3) reduced to small triangular
protuberance and extending toward midline (Fig. 17);
(4) flattened, not extending toward midline, flat between
toruli (Figs 15, 18). This character was used extensively
by Schulz (1907a) and Tsuneki (1991). In all other
evaniomorphs there is no SAE: the area above and
mesad of the torulus is flat, or the torulus is on a
shelf. The ancestral condition is unknown, and the
evaniomorph outgroup is coded as SAE flattened with
the area between the toruli flat. l@rthogonalysthe
SAE is generally prominent, projecting forward, and
slightly separated at the midline. Faeniogonaloghe
SAE is reduced so that the dorsal edge of the torulus
forms a small triangular lip, and the intertorulus area is
relatively flattened. In the Nomadinini the SAE is
reduced and the intertorulus area is generally very
flattened.

4. Intertorulus Distance (0) short, distance between toruli

less than 0.9 the shortest distance between the inner
eye margin and the torulus; (1) medium, the two distances
about equal; (2) long, toruli set far apart, shortest distance
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7. Antennal shapg0) filiform; (1) thickened or spindleform.

The evaniomorphs and most Trigonalidae have filiform
antennae of even thickness, though the Stephanidae have
much thinner flagellomeres. The derived state occurs in
SeminotalLycogaster Nomadinaand related genera. A
single undescribed male from Costa Rica with tyloids
has spindleform antennae (AEIC), but in other respects
it is close toTaeniogonalosand its antennal shape is
considered convergent.

8. Tyloids (0) absent; (1) present. Tyloids (Figs 10-12) are

not present in the evaniomorphs @rthogonalysand
their presence is considered derived.

9. Tyloid shape(1) short, oval-round (Fig. 11); (2) elongate-

broadly oval (Fig. 12); (3) elongate-narrow (Fig. 10).
The shape of the tyloids has been generally ignored by
previous authors but is valuable phylogenetically. The
states are not ordered. To avoid giving additional weight
to the absence of tyloids, this character is coded as
unknown for taxa that lack tyloids, including the ancestor.
We separated the character of tyloid presence from tyloid
shape because we believe that change between different
shapes is a different process than the gain or loss of
tyloids. However, the topology of the strict and majority
rule consensus trees was unchanged when these
characters were combined (at the same time characters
27 and 28 were similarly combined) and when the
ancestral state was ‘tyloids absent’, and the three tyloid
shapes were treated as unordered and derived.

10. Genal carina (0) meets (or ends near) hypostomal carina

(Fig. 9; Tsuneki, 1991, Fig. 64); (1) meets (or ends near)
lateral edge of mandibular base (Figs 22, 23). The
primitive state occurs inOrthogonalys and most
evaniomorphs.

between inner margins of the toruli greater than the 11. Occiput excavation (0) occiput not excavated (Fig.9;

shortest distance between the inner eye margin and the
outer edge of the torulus. In most evaniomorphs, and
Orthogonalys the intertorulus distance is short; this is
assumed to be the ancestral condition. The distance is
long in the Stephanidae.

5. Toruli placement (0) distant from mandibular base; (1)

next to mandibular base. The toruli are above the
clypeus, far removed from the mandibular base in most
evaniomorphs and in most Trigonalidae. The derived
condition is only found in Bakeronymus and
Pseudonomadina

6. Number of antennal segmen{8) greater than 17 segments

(including scape and pedicel in count); (1) 13-16
segments. There is a great amount of variability in
antennal segment number but no overlap between these
states. Most Trigonalidae have greater than 17 segments

Tsuneki, 1991, Fig. 64); (1) occiput slightly excavated
(Fig. 23); (2) occiput deeply excavated but not near
mandible; (3) occiput deeply excavated all the way to
mandible (Fig. 22). In the ancestral condition, shared by
Orthogonalysand the evaniomorphs, the genal carina is
on a flat plane, and the occiput is not excavated. In
Pseudogonalothe occiput is deeply excavated, but this
ends in a flat plane before the mandible. The occiput of
Trigonalys is deeply excavated all the way to the
mandible. InTaeniogonaloghe occiput is only slightly
excavated.

12. Genal angle (0) located laterad of genal carina; (1) at

genal carina. In most Trigonalidae and evaniomorphs
the genal angle is located laterad of the genal carina
(Figs 9, 23). The genal angle and genal carina only
overlap inTrigonalys(Fig. 22); this is the derived state.

and this is considered the ancestral condition. Only 13. Clypeal width (0) wider than base of antennae; (1) as

NomadinaBakeronymuandPseudonomadinhave 13—

16 antennal segments and, as they are otherwise relatively
derived genera, this is assumed to be the derived
condition. However, the evaniomorph outgroup taxon is
coded as having 13—-16 segments as most evaniomorphs,
except the Stephanidae, have their antennae with 13-14
segments or less.
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wide as base of antennae. The derived state is only
found in the most specialized of Trigonalid&domadina
Bakeronymusand Pseudonomadinaln the ancestral
condition and the normal apocritan condition, the clypeus
is wider than the distance between the base of the
antennae.

14. Mandible symmetry(0) asymmetrical; (1) symmetrical. In
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most Trigonalidae there are three teeth on the left
mandible and four on the right mandible (Fig. 19), rarely,
there are four on the left and five on the right. The
normal apocritan condition is symmetrical, and in several
taxa within the Nomadinini the mandibular teeth are
symmetrical. No other hymenopteran families are known
to have asymmetrical mandibles as their groundplan.
The groundplan synapomorphy for the family is believed
to be asymmetrical and the evaniomorph outgroup
condition is symmetrical.

15. Maxillary palps (0) normal, 6-segmented, as long or

longer than mandibles; (1) 4-segmented, shortened or
rudimentary. In most taxa the palps are much longer
than the mandibles and this is considered the ancestral
condition for Trigonalidae. IBakeronymusNomadina
andPseudonomadinthe palps are usually 4-segmented,
but in the latter two genera they are rudimentary and
may be indistinctly segmented.

16. Notauli of mesoscutun(0) straight; (1) parallel at base

and then diverging strongly. OnlBakeronymusand
Pseudonomadinahave curved notauli, making the
median mesoscutal area nearly heart-shaped (Yamane &
Kojima, 1982: Fig.9). The evaniomorphs and most
trigonalids have relatively straight notauli.

17. Submarginal cell Il (1) petiolate; (2) not petiolate. This

18.

character has been over-emphasized in the past, and
is somewhat variable within genera, but it is still
phylogenetically informative. In most evaniomorphs
venation is not comparable, except in the Aulacidae
where the submarginal cell Il is petiolate. Thus the
ancestral and outgroup states are unknowiirigonalys
and Taeniogonaloghis character is variable, and was
coded as unknown.

Hind trochantellus (0) divided; (1) undivided. Most
Trigonalidae have the trochantellus diagonally divided
into two apparent segments and this is believed to

unknown and the ancestral trigonalid outgroup was
coded as a low ‘U’ shape.

21. Propodeal foramen carina(1) thick and double-walled;

(2) narrow and single walled. Several taxa, including
Orthogonalys PseudogonalgsBareogonalos and an
undescribed genus from Papua New Guinea have a thick
double-walled carina whereas most taxa have a thin
carina. The carina in the evaniomorphs does not appear
analogous and the ancestral state is considered unknown.

22. Tergal plate thickness(0) thin, with transparent to

translucent edges folding over sterna; (1) not thin, and
meeting sterna laterally with little overlap. Several
evaniomorphs andOrthogonalys have very thin
metasomal plates. Their terga overlap the sterna ventrally,
and are distinctly transparent not just at the very margin
but over a wide areaBareogonalos Nomadinaand
Pseudonomadinalso have the ancestral condition of
thin terga, apparently secondarily.

23. Metasomal sternum I{male): (0) rounded medially; (1)

flattened or concave medially. Most trigonalids and
evaniomorphs have the metasoma rounded ventrally.
This character has been used in the past to separate genera
which are synonymised herein undereniogonalosbut

are included separately in the cladistic analysis.

24. Metasomal segment lengtt{®) segments Il & Il subequal

in length; (1) segment Il slightly longer; (2) segment Il
approximately long as all following combined. This
character was determined using male specimens when
possible but generally applies to both sexes. It is difficult
to determine in some specimens of taxa (especially
Orthogonaly$ with thin terga that distort during drying.
Many evaniomorphs have an elongated first segment,
which is unknown among the Trigonalidae, but most
have segments Il and Il the same length, so the
evaniomorph outgroup and ancestor were coded as
segments Il and 11l subequal in length.

be the ancestral condition for the Trigonalidae. The 25. Female awl(0) no awl; (1) awl present. The awl (Yamane

evaniomorph outgroup was coded as undivided because
they have the trochantellus undivided as do the derived
genera Bareogonalos Nomadina Bakeronymusand
Pseudonomadina

19. Propodeal sculpturing(0) areolate-rugose; (1) rugose; (2)

punctate; (3) smooth; (4) areolate. Shaw (1990), using
Ceraphronoidea, Evanioidea and Trigonalidae as
outgroups, found that the primitive state for megalyrids
is areolate-rugose, as is found @rthogonalys.Most
trigonalids are punctate but some are rugose or very
smooth.Bareogonaloss strongly areolate.

20. Propodeal foramen(0) low ‘U’ shape (wider than high);

(1) high ‘U’ shape (at least as high as wide); (2) ‘V’
shape (acute angle at apex). In most evaniomorphs the
foramen is ‘U’ shaped, but it is also closed ventrally,
whereas in all the Trigonalidae it is open ventrally, so
comparison with these taxa may not be useful. However,
within the Trigonalidae the propodeal foramen of
Orthogonalysis a low ‘U’ shape, and there appears to
be a transition from a low ‘U’-shaped to ‘V’-shaped
foramen. The evaniomorph outgroup was coded as

& Yamane, 1975: Fig. 16) is apparently unique to the
Trigonalidae, and seems to have evolved after tyloids
originated.

26. Female capsutg0) no capsule present; (1) capsule present.

In the derived state, the terminal and penultimate sterna
are flattened and often lyre-shaped, forming a capsule
that positions the apical sternum to point anteriorly. No
evaniomorphs have a capsule and the ancestral condition
is assumed to be without a capsule. As this character
may be linked to armature presence it was experimentally
deleted without affecting the outcome of the analysis.

27. Female armature(0) absent; (1) female armature present

in some members. Because of the complexity of this
character it is most parsimonious to assume that armature
only originated once, and that the groundplan for taxa
with more than one state is presence of armature.
Armature is variable, i.e. present or absent, in two
generaTaeniogonaloandTrigonalys In the data matrix,
Taeniogonalosis divided into several representative
species, for each of which armature is not variable.
Experimentally codinglrigonalysas ‘armature absent’
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did not affect the topology of the strict or majority rule  become increasingly variable as more specimens and taxa
consensus trees. Armature is absent in all evaniomorphs. are studied.

Those trigonalid taxa assumed to have secondarily There are at least two phylogenetically significant,
lost their armature have their metasoma more strongly structurally complex features that have arisen within the
sclerotised ventrally, and often have the second sternum Trigonalidae, tyloids and metasomal armature. As some species

ventrally swollen or expanded. have armature but do not have tyloids and some species have
28. Sternal armature locatian(1) present on sternum 1l; (2)  tyloids but do not have armature, and other species have both,
present on sternum lll. If the armature is present on it is necessary to resolve which taxa have secondarily lost or

sternum Il there are usually traces of armature on convergently gained these characters. Despite the variety of
sternum I, except infrigonalys To avoid giving the  forms of armature and tyloids, we believe that they are too
absence of armature additional weight, this character is complex to have arisen more than once. Most taxa that fall
coded as unknown for taxa that always lack armature, within the Trigonalini have either armature, traces of armature,
including the ancestor and outgroup taxon. In  or a swollen sternum I, which may be a remnant of armature.
experiments where character 27 was combined with this Based on this evidence we assume that when both states are
character (similarly and simultaneously with characters present within a taxon, the groundplan for that taxon is presence
8 and 9 being combined) and the ancestral state was of grmature. In the data matrix this assumption only applies
‘armature absent’ and the unordered derived states were 1 Trigonalys and experimentally changing the coding for
‘armature present on sternum Il and ‘armature present Trigonalys does not change the results. It is also more
on sternum |II" the topology of the strict and majority  h3rsimonious to assume that the female capsule arose only
rule consensus trees was unchanged. once and in tandem with the armature. The capsule serves as
29. Paramere (1) rounded (about as long as wide); (2) elongate 5 gjige to point the ovipositor anteriorly, and the armature
(longer than wide); (3) angulate. The parameres are gon o5 as a brace for oviposition into a leaf (Carmean, 1988,
either relatively short and wide, as is the case in 1991) Eyperimentally deleting this character also did not
Orthogonalys an_d several Nomadml_nl; narrow and change the results.
elongate, as in Pseudogonalgs Trigonalys and . The results of the phylogenetic analyses are shown in
Taenlogonalo_sc_)r_ sharply ar.‘g"?d near the base, as n Figs 24-30. Exactly the same thirty-two trees resulted from
??ng)]/_)N?r?:?)lglr:ﬁql\eﬂig g?:'ftl?!: daig :E’gf:sibga:;;lizlinusing the trigonalid groundplan (trigonalid ancestor), the
: evaniomorph outgroup, or only the trigonalid taxa. Using the

Aulacidae, Evaniidae, Gasteruptiidae, and Stephanidae, . . . .
: hypothetical ancestor in the analysis resulted in a tree seventy-
and although in these taxa the parameres appear about

as long as wide, they are not considered comparable. two steps long, C. I. 0.597_; excluding the s?ngle uninformative
Thus the ancestral and outgroup states are unknown. character, C. 1. 0'592.' Using the hypothetlgal outgroup tax.on
30. Aedeagus (1) cylindrical, not bilaterally flattened, apex resulted in four ad_dmonal steps (§eventy-5|x steps), reflecting
capitate; (2) elongate-thin; (3) strongly bilaterally four synapomorphles f_or the family (charac.ters 3.’ 6, 14 ‘T"”d
flattened with the tip expanded, ‘T’ or plough-shaped. 18), with a consistency index of 0.566 (excluding ur_nnform_atlve
In Orthogonalys the aedeagus is rod-shaped and not character_s, 0.5_60). The large _number_of trees is partially a
bilaterally flattened, and the tip is capitate or slightly resu!t of including se\{eral §pe0|es Teniogonaloshat were
expanded into a bulb. Ifirigonalysand Taeniogonalos p_rewous_ly separateq into different genera and are not strongly
the aedeagus is elongate-thin, and slightly bilaterally dlﬁerentlgted.lncludlng onlil. gundlachiifrom Taeniogonalos _
flattened with the tip variously shaped but not capitate. 'esultéd in only seventeen trees, seventy-one steps (using

In most Nomadinini it is strongly bilaterally flattened ~ancestral taxon for rooting). o _
and the tip shaped like a plough or length-wise ‘T’ shape. Table 2 compares the classification from Weinstein & Austin

In the evaniomorphs, the aedeagus of Gasteruptiidae, (1991), which is primarily based on Schulz (1907a), Bischoff
Aulacidae, and Evaniidae is cylindrical but not capitate; (1938) and Benoit (1951), with the classification proposed in
in Stephanidae it is apically slightly flattened but the this study, which is based on the results of a cladistic analysis
shaft is cylindrical. The aedeagus of the ancestor may (Figs 24-28). Several taxa within the Trigonalinae remain with
be assumed to be a simple cylindrical shaft, closest their status uncertain. They do not share the defining characters
to the condition inOrthogonalys but without further ~ Of the two tribes, nor do they have any characters
evidence we are considering the ancestral and outgroup Unambiguously uniting them or clarifying their relationships
states unknown. with other Trigonalinae. Use of scanning-electron micrographs
of the tyloids or DNA sequence data may help establish clades
including these taxa.
Phylogenetic analysis In the consensus trees (Figs 24, 25), the Trigonalini are
paraphyletic with the Nomadinini. This may be in part because
The amount of homoplasy in the Trigonalidae is a challenge several species ofaeniogonalossecondarily lack armature.
to any method of analysis. Some characters that initially appear Further study is required to ascertain Taeniogonalosand
monomorphic within a taxon, such as the length of the malar Trigonalystogether form a monophyletic group, and what their
space or the presence of a petiolate second submarginal cellrelationships are to other taxa. With a reduced number of taxa,
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the bootstrap consensus tree (Fig. 26) generally agrees with the—
proposed phylogeny, and the Trigonalini are not paraphyletic.

Successive approximations character weighting (Farris, 3(2).

1969) provides an objective method afposteriori character
weighting when confronted with several equally parsimonious
cladograms. Applied to the characters in this study, the
successive approximations character weighting reduces the
number of equally most parsimonious cladograms from thirty- —
two to twelve and increases the consistency index from 0.59
to 0.71 (Fig. 25). Table 3 shows the final weights assigned each
character by this procedure. One major difference between the
unweighted and weighted consensus trees is at the base:
Teranishiajoins with Pseudogonalos$n the unweighted tree
(Fig. 24) but with an undescribed genus from Japan in the
weighted tree (Fig. 25).

One alternative tdOrthogonalysbeing the most primitive
of the trigonalids is that Bareogonalos Nomadina
Pseudonomadinaand Bakeronymusare the most primitive
Trigonalidae BareogonalosNomadina Pseudonomadinand
Bakeronymusshare three generalized apocritan traits, flat
SAE, symmetrical mandibles, and undivided hind trochantellus,
which are absent from most trigonalids. These four genera are,
however, highly derived in other respects, and their ‘primitive’ 3(2)
character states may have arisen secondarily. If a genus in the
BareogonalosNomadinagroup is assigned to a basal position in
the Trigonalidae (Figs 29, 30), then unique trigonalid characters
including the awl, sclerotization of the capsule, and female
armature would have to be interpreted as primitive familial
characters lost in various lineages. Rerooting the most
parsimonious tree so thd@areogonalosis basal gives the
unlikely result of the evaniomorph outgroup nesting well
within the ingroup (Fig. 29). Alternatively, experimentally
constraining the Nomadinini to be basat the sister group)
to all other Trigonalidae required three more steps than the
most parsimonious tree (Fig. 30).

The tribe Nomadinini now includes several taxa previously
treated as separate subfamilies. Although the Nomadininae
under Schulz’'s (1907a) and Weinstein & Austin’s (1991)
classification is a monophyletic group, the other taxa in
their classification are either polyphyletic (Lycogastrinae), too
narrowly defined (Bareogonaloinae), or at best, paraphyletic
(Seminotinae). Removing the unrelated taxa previously placed
in the Lycogastrinae and treating these taxa together as a single
tribe eliminates these problems.

Key

Keys to Trigonalidae by region
Key to the species of Canada and the United States

1. Dorsellum pyramidal, distinctly raised, usually bifid
and yellow; hind trochanters 2-segmented; parasitoids
Of Yellowjackets ........ooooiiiiiiieiiie e
.......................... Bareogonalos canadens{Figs 1-5)

- Dorsellum flat; hind trochanters 3-segmented; from

solitary NOSES ...cooeeeiiiiii e 2

Dorsellum and propodeum all black (or very dark

brown), without light markings; antenna spindle-form

.................................................... Lycogaster pullata

2(1).

5(1).

4(3).

5(4).

Dorsellum and usually propodeum with light markings;
antenna filiform .........ccoini 3
Antennae black with white (or light yellow) band in
middle; metasoma thin, often entire metasoma orange;
the only North American species without female
armature; male without tyloids ..........ccccceevvciereeninnnnn.
............................. Orthogonalys pulchelldFigs 6-9)
Antennae without light-coloured band; metasoma stout,
dark, with transverse yellow stripes; female with
armature; the only North American species in which
the male has tyloids (Fig. 10) ......cccccovveeeviiiiee i,
............................ Taeniogonalos gundlach(Fig. 17)

New World genera

Tyloids not present, or female; antennae filiform or
thICKENE ...eeiiiceee e 2
Tyloids present; antennae filifofnfmales only) ... 8
Maxillary and labial palpi rudimentary; antenna 16-
segmented ........ccveeeeiiiieie e Nomadina
Maxillary palpus extending beyond mandibles, labial
palpus normal; antenna with 17-28 segments ........ 3
Antenna with 17-20 (rarely 21) segments; metasoma
smooth, shiny and thorax strongly areolate; hind
trochanter two-segmented ............... Bareogonalos
Antenna with 21-28 segments; if metasoma smooth
and shiny then thorax not strongly punctate; hind
trochanter apparently 3-segmented (second segment
diagonally divided)
Metasomal terga and sterna very smooth and thin
(may be partially transparent), terga folded under,
intercalating with sterna; propodeum areolate-rugose,
covered with network of lines; carina around propodeal
foramen thick, partially double-walled, ‘U’ or half
circle shaped; ichneumonid-like, antenna banded, when
viewed dorsally head and thorax black with markings
white (females and faded males) or yellowish white
(males), metasoma orange, may have extensive light
or dark markings ........ccccovvverineennn Qrthogonalys
Metasomal terga and sterna often punctate, thick, terga
overlap sterna laterally in a straight line, without
overlapping sterna ventrally; propodeum punctate, or
smooth, sometimes with concentric lines around
foramen, but not covered with network of lines; carina
around propodeal foramen thin (though sometimes tall)
and V' or ‘U’ shaped; colouration various, not as
ADOVE .o 5
Eye with sparse pubescence visible ax3@&ye in
lateral view often with posterior margin behind
mandibular insertion (Fig. 34); propleuron and
mesopleuron yellow and entire forewing pale amber,
in some species vertex behind ocelli flat, posteriorly
abruptly angled towards genal carina; propodeal
foramen evenly curved dorsally; very rare in
COlleCtions ........coeeviviieeiiniiiiee e, Xanthogonalos

10ne male from Costa Rica has antennae ligeogasterbut with
tyloids, the rest of its characters as in Trigonalyini.
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6(5).

7(6).

8(1,6).

Eye not pubescent; eye with posterior margin even
with middle of mandibular insertion (Fig. 33), less
commonly at posterior edge of mandibular base;
propleuron dark, mesopleuron dark or dark with yellow —
markings (exceptTaeniogonalos ornataand some
Trigonalys which also have only the leading half of

the forewing pale amber)
Antenna spindle-shaped; no yellow or light markings 2(1).
on propodeum; supra-antennal elevation reduced, never
lobed; frons between antennae broad and flat, wider

than the length of the first flagellomere; tyloids absent

Antenna filiform; often with yellow on propodeum;
supra-antennal elevation variable; frons between
antennae usually narrower and not flat; tyloids present
INMAIES e
Wings amber or hyaline, not very dark; head punctate,
vertex curving evenly towards occipital carina;
parasitoids of solitary wasps and of parasitoids of
Lepidoptera .......ccccceevvveeeeiiiiiiee e, Lycogaster

Wings, or part of wings, very dark or violaceous; head 3(2).
smooth, vertex sharply angled above occipital carina;
parasitoids of social wasps ................... Seminota

Genal carina not forming a sharp ridge between gena

and occiput, occiput not sharply excavated (Fig. 23);

frons flat or slightly angled between antennae in side

view; punctate above clypeus; gena usually narrow

(Fig. 33), often punctate, immediately above mandible

and behind lower third of eye; female armature, if
present, on sternum II; male tyloids elongate, usually —
more than half flagellomere length ..Taeniogonalos

Genal carina forming a sharp ridge between gena and
occiput when viewed from below, occiput usually
sharply excavated all the way to mandible (Fig. 22);

frons strongly angled between antennae in side view;
glossy above clypeus between antennae; gena wide

and shining immediately above mandible and behind
lower third of eye; female armature, if present, on
sternum lll; male tyloids oval or round, less than half

the flagellomere length
Genal carina pointing towards hypostomal carina and
then bending parallel to hypostomal carina to reach
mandibular base; occiput not sharply excavated near ™
mandible; Mexico; known only from females
Undescribed Genus

Genal carina extending straight to mandibular base; 2(1).
occiput sharply excavated along genal carina all the —
way to mandible; central and South America ............. 3(1)

................................................................ Trigonalys

Key to African genera

1.

Antenna banded; propodeum, at least above propodeal
foramen, rugose reticulate (wrinkled network); genal
carina fading before hypostomal carina, not ending at
mandibular base; males without tyloids; wings hyaline,
submarginal cell Il petiolate to subpetiolate; mesosoma
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predominately orange; metasoma without armature;
metasomal plates thin and may dry distorted
............................................................ Qrthogonalys
Antennae not banded; other characters various, but
not fitting above description; wings often with dark
markings; females often with armature; males often
with tyloids
Area immediately above clypeal suture smooth and
shiny, not punctate; frons usually with strong ledge
between antennae; gena wide (Fig. 35), genal carina
at top of genal angle (Fig. 22); thorax and abdomen
predominately black, tergum Il often with ivory
diagonal markings or all black; female armature
various, usually present; wings darkened or smoky ...
................................................................ Trigonalys
Area immediately above clypeal suture as punctate as
frons immediately above antennae; frons relatively flat;
metasoma dark with transverse light markings or
entirely orange; female armature on sternum Il; other
characters variable
Shortest distance between toruli (antennal sockets)
about the same as the shortest distance between the
inner eye margin and the torulus; marginal cell and
area distal of marginal cell much darker than discal
cell; female with bluntly bifid armature on sternum I,
armature on sternum Ill forms a flat ledge under
sternum |l and does not project; male with flattened
sterna and with 5 or more narrow elongate tyloids on
outside of antennae
Shortest distance between toruli is almost twice the
shortest distance between the inner eye margin and the
torulus; wing hyaline or evenly coloured, marginal cell
not darker than rest of wing; metasoma orange except
darker near petiole; female armature with 2 parallel
sharp ‘fins’ on sternum Il, armature on sternum |l
forms a flat projecting ledge under sternum II; male
unknown, possibly without tyloids ....... Afrigonalys

9 Key to Eurasian and Indo-Australian genéra

Vertex cleft at midline; antennae with 13—15 segments

Vertex normal; antennae with 17-32 segments
Maxillary palps rudimentary ........ Pseudonomadina
Maxillary palps about as long as mandibles and
distinctly segmented ............coccueeeen. Bakeronymus
Males (with parameres which appear as paired paddle-
shaped appendages sometimes projecting ventrally
from abdomen and not to be confused with cerci(?),
which are dorsal, short and rounded; tyloids may be
present on antennal segments 10 through 13-18; never
with medial projection at or near apex of sternum Il
or I, though sternum Il sometimes with a projection

2Europe has only one specieBseudogonalos hahniiThe key

excludes Tsuneki's genuezonogonaloand the males oferanishia
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4(3).

;(4).

6(5).

7(4).

8(7).

9(8).

10(8).

11(3).

12(11).

13(12).

14(12).

on the anterior half before a flattened area in -
Taeniogonalosor with 2 small preapical lateral spines
IN LYCOQASLEY ..eevvvviiiiiie ettt 4
Females (often with armature, never with tyloids on

Top of head rounded, not flattened; sternum Il may
form a ledge but does not project posteriorly;

propodeum not strongly areolate, metasoma various,
often punctate and dull ..............ccccoiiii 15

several flagellomeres, but flagellomeres always with, 15(14). Armature consisting of flat vertical ledge at apex of

though not always visible, a circular area of white
spots in same location as tyloids are on male) ..... 11
Tyloids absent
Tyloids present
Terga opaque where they overlap sterna laterally, not —
folding over sterna ventrally; sternum Il with 2 small

sternum Il with 2 small indistinct lateral spines slightly
more raised than the centre ledge; the anterior part of
sternum 1ll forms a wide but not very tall ledge under
sternum |lI; antennae spindleform ........ Lycogaster
Armature various but not as above; antennae filiform

preapical spines, just lateral of midline; vertex rounded 16(11). Supra-antennal elevation reduced, intertorulus area is

............................................................... Lycogaster
Terga with wide translucent to transparent lateral
margins that reach ventrally and overlap sterna; sternum
Il without ventral spines; vertex flat and rectangular .

Stout bodied, vespine-like; thorax strongly areolate;
antennae not banded, sometimes thickened, with 18—
23 SEgMENTS ... Bareogonalos
Body slender and elongate, ichneumonid-like; thorax
sparsely punctate; antennae filiform, often banded,
with 22-32 segments; metasoma thin, and generally —
tubular ... QOrthogonalys
Tyloids linear ........ccccoeveeiiieeeiiiienn. Taeniogonalos
Tyloids not linear but broadened or rounded .......... 8
Tyloids almost round, globular shape ..................... 9
Tyloids oval-elongate; grey colour, with dull lustre
.................................................................................. 10
Genal carina ending at lateral edge of mandibular base;
frons forms a horizontal ‘shelf’ between antennae, the

relatively flattened, without projecting lobes; toruli
(bases of antennae) as far apart as length of first
flagellomere; propodeal foramen usually ‘V' shaped,
taller than wide, with a weak, thin carina around it;
sternum 1l swollen ventrally and may have slight
medial elevation in front of posterior edge; terminal
sternum pointing anteriorly toward sternum 1l or
straight down, tip sclerotised, forming short
hypodermic needle-like structure ............ccccoevveviernnnnn.
............................................. Taeniogonalogin part)
Supra-antennal elevation prominent, often forming
distinct lobe; intertorulus distance variable, often close
together; propodeal foramen usually ‘U’ shaped,
generally wider than tall and usually bordered with a
thick carina; sternum 1l not swollen ventrally and
without medial elevation; terminal sternum in
undistorted specimens pointing down or posteriorly,
usually not more sclerotised at tip than rest of sternum
.................................................................................. 17

line from the median ocellus to the clypeus strongly 17(16). Genal carina ending at lateral edge of mandibular

angled in side view; no large vertical lobes over scape
................................................................. Trigonaly
Genal carina ending at hypostomal carina; frons
medially flat, with large vertical lobes covering the
SCAPE weeeieeiiiiiaeeaieiee e e e e e e eieeeae Pseudogonalos -
Tyloids with broad flat top surface, with dull velvet-

like lustre .. Genus 2tfo undescribed species from

base; terminal sternum modified into cylindrical tube
generally pointing straight down ventrally; mesosoma
and metasoma compact, not elongate; Australia .........
......................................................... Mimelogonalos
Genal carina ending at hypostomal carina; terminal
sternum not cylindrical, generally pointing straight
back posteriorly; body elongate; not known from

New Guineg AUSEFAlIA ..o 18
Tyloids keel shaped, top surface not flat, with dull 18(17). Propodeal carina ‘U’ shaped, foramen V' ........... 19
lead-like lustre; Australia ................ Mimelogonalos - Propodeal carina and foramen both ‘U’ shaped ... 20
Distinct armature present on second or third metasomal 19(18). Frons with large shiny vertical lobes mesad of the
SEEIMUM oo 12 scape that are generally all black ..Pseudogonalos
Armature NOt PreSent ......c.eeevvvevieee e 16 — Frons with punctate lobes, not shiny, and generally
Armature only on sternum Il ........ccccooviiiieiinnen. 13 n with light markings .........cccccceiiiienenns Teranishia
Armature on sternum ll, if also on sternum 1ll, smaller 20(18). Dorsellum pyramidal; petiole strongly constricted and
and covered by armature on sternum Il ................ 14 distinctly different from second metasomal segment;
Gena smooth, shining; frons strongly angled in side tergum Il much longer than tergum Ill; wings hyaline,
VIBW ittt Trigonalys infuscate, or fasciate .............. Genus 2 (New Guinea)

Gena punctate; frons relatively flat ............c.cccoeviienne -
......................................... Taeniogonalos flavocincta

Top of head rectangular, flattened; sternum Il with
small posteriormedial projection often under sternum

II; propodeum strongly areolate, metasoma generally
smooth and usually shining ............. Bareogonalos

Dorsellum flat; petiole not constricted, sternum | similar
to sternum II; tergum Il slightly longer than tergum
Il in undistorted specimens; wings hyaline ...............
............................................................ Qrthogonalys
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Majority rule Strict
Outgroup/Ancestor
7 Afrigonalys
Bakeronymus - ‘
1001 Pseudonomadina
100 Nomadina
75
50 Bareogonalos
25 Xanthogonalos
5 Seminota
Lycogaster pullata
Lycog. (Asian)
100 wenic Sonalys
aenio. fasciatipennis
1 50 Taenio. gundlZchii
Taenio. flavocincta
1001 50 Taeni({.Z fasciata
Taenio. enderleini
Taenio. maga
Taenio. ornata
100 Mimelogonalos
10 Genus 2 (New Guinea)
100 = Pseudogonalos e
L Teranishia w—
Genus 1 (Japan)
Orthogonalys

Fig. 24. Majority rule and strict consensus of thirty-two most parsimonious trees.

Majority rule Strict
Outgroup
Afrigonalys
1 100, Bakeronymus
1 Pseudonomadina
Nomadina
Bareogonalos
Seminota
Lycog. (Asian)
Lycogaster pullata
Xanthogonalos
Trigonalys
Taenio. enderleini

75 Taenio. fasciatq e—
50 _WTaenio. Sflavocincta :'-
Taenio. gundlachii

Taenio. fasciatipennis =
Taenio. maga e
Taenio. ornata  e—

Mimelogonalos

100 Genus 2 (New Guinea) -

Pseudogonalos

100 == Teranishia —

k= Genus 1 (Japan) ==t

Orthogonalys

Fig. 25. Majority rule and strict consensus of twelve most parsimonious trees generated from successive approximations character weighting
(Farris, 1969), starting with thirty-two trees.
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Ancestor
Afrigonalys
i: Bakeronymus

2 Pseudonomadina

59 Nomadina

Bareogonalos

Lycog. (Asian)

55 Lycogaster pullata

Seminota

70 Xanthogonalos

57 Taenio. gundlachii

Trigonalys

78 Mimelogonalos
Pseudogonalos

Teranishia

Genus 1 (Japan)

Genus 2 (New Guinea)
Orthogonalys

|

Fig. 26. Bootstrap consensus tree (all genera), 100 heuristic replicates, number of taxa reduced by excluding all but ofieeoidfenalos
species. 78 steps, C. |. 0.551, excluding uninformative characters, 0.539.

Afrigonalys

99 95 Bakeronymus
91 -—r_= Pseudonomadina
Nomadina
Bareogonalos
Xanthogonalos
Seminota
Lycogaster pullata
Lycog. (Asian)
Taenio. gundlachii
Trigonalys
Mimelogonalos
Taenio. maga

86

Fig. 27. Bootstrap consensus tree, 100 branch & bound replicates; Nomadinini, rooted with several trigonalids. Length 51 steps; consistency index
0.725, excluding uninformative characters, 0.689.

Trigonalidae Cresson, 1887 Orthogonalinae sub.n.

E;ggzg:ﬁ(ﬁec}i?izsgoe?: iggz ;SS Type genusOrthogonalysSchulz, 1905.

Forster (1877) placed Trigonalys alone in the taxon

‘Diplomorpha’ which was treated equivalently to other (rthogonalysSchulz

Hymenoptera now recognized as families. Cresson (1887) was

the first to useTrigonalys to form a family rank name

(Trigonalidae) but this was apparently overlooked by others. OrthogonalysSchulz, 1905: 76. Type specid3. boliviana
Bischoff (1938) attributed the family to Krieger (1894). Many ~ Schulz  (1905) (by monotypy), repository: ZSMC.
spelling variants have been proposed (listed in Bischoff, 1938  OrthogonalosSchulz, 1907a (unjustified emendation).

and Weinstein & Austin, 1991) due to the ambiguity of the

root of Trigonalys Based on Westwood's definition of the TapinogonalosSchulz, 1907a: 14. Type specidsigonalys
genus Nomadina: ‘genus novum . . . Trigonalydi proximum’  pulchellaCresson (1867) designated by Viereck (1914), lost
(Westwood, 1868) the stem of Trigonalys is Trigonalyd-,  (Cresson, 1916)Syn.n.

which would make Trigonalydidae the correct spelling (H. D.

Cameron, personal communication). As the root is ambiguous, SatogonalosTeranishi, 1931: 10. Type specieS debilis
we have used the first and most commonly used spelling, Teranishi by original designation, OMNH (Tsuneki, 1992).
Trigonalidae. Synonymy by Tsuneki, 1991.
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Diagnosis Body slender, elongate; length 3.5-14.1 mm; FW a species. One femal®. formosanais 9 mm long (TARI)
3.5-13.5 mm, most species 9 mm long, FW 8 mm. Genal whereas another female of the same species is only 3.5 mm
carina mesad of sharp genal angle, reaching or fading away long (AEIC).
before hypostomal carina; gena smooth, narrow behind eyes Because of the intraspecific variation in size and wing
and generally strongly angled in ventral view; malar space venation as well as the sexual dimorphism and possible
generally long; antennae long, filiform, with 21-32 (most abdominal distortion due to the thin metasomal plates, some
species 26-28) segments, often banded, tyloids absent; toruliof the species described from individuals or short series are
close together, shortest distance between toruli less thar 0.9 probably synonymougrthogonalys giganteappears to be a
the shortest distance between the inner eye margin and thejarge O. hova Tsuneki (1991) discussed the similarities@f
torulus; wings hyaline, submarginal cell 2 often petiolate; fukuiensiswith O. elongataas well as the confusion caused
propodeal foramen low, ‘U’ shaped, with wide carina; by variation withinO. elongata
metasomal terga Il & Il roughly same length (distortion of Tsuneki (1991) suggested th@. formosana which he
thin plates occurs); tergum Il generally with posterior medial knew only from the holotype description, may represent an
indentation; terga mostly thin and transparent, wrapping yndescribed genus, whereas our study shows that the species
ventrally over sterna. Aedeagus with capitate tip; parameres gnares all the features oDrthogonalys Orthogonalys
various, generally not much longer than wide; sterna flat, foymosanais the only Orthogonalys from Asia with the
female without armature or ventral swelling and not strongly - following characters: hind femur and base of hind tibia amber,
sclerotised. remainder of hind tibia dark brown; opaque white parameres

(parameres of all other Trigonalidae we have seen are dark to

Discussion Orthogonalys contrasts with most other  5mper): and the midline of thorax and propodeum with white
trigonalids in several ways. Members of this genus are slender spots of varying size and intensi@rthogonalys formosani

and delicate, with hyaline wings, and often banded antennae known only from Taiwan.Orthogonalys debilis(limited to

(Fig. 6). New World and African species have either their Japan) has light markings on the scutellum and dorsellum but
metasoma or mesosoma, or both, mostly orange, and the . 1ing femur is dark and there are no light markings on the
remainder of the body black and white. Asian species are midline of the propodeum. A species bjcogasterfrom Java
mostly black with some white or brown markings. The outgroup has the mesonotum similarly marked but it would not be
analysis showsOrthogonalysis defined by primitive rather confused withOrthogonalys Whereas the holotype has the

than derived characters. ) . .
. mandibles each with four well-developed mandibular teeth,
Orthogonalyshas a greater number of the ancestral apocritan _, . . . . .
this is not normal for the species. Symmetrical mandibles have

characters than other trigonalid genera. Like the presumed L s . .
o . been seen in individuaD. boliviana and other species with
primitive evaniomorph, Orthogonalys has areolate-rugose - - .
typically asymmetrical mandibles.

ropodeal sculpturing, an elongate body form, thin metasomal A L .
brop P 9 g y Some trigonalids in other genera may appear similar to

terga that fold ventrally and overlap the sterna, a long malar . £ Orth Vs Taeni | T ishi
space, and a genal carina ending near the hypostomal carina>Pecles orrthogonalys faeniogonalos maga(Teranishi)

(rather than at the mandibular bas@rthogonalyscannot be resembles darIOrt_hogonaIysbut lacks the thinr metasomal
assigned any unique, derived characters partly because the_tergaj anr(]j haztylofs.The prop(k)]deal folra”f‘e_ |ogonalo§
available outgroups are too distant to provide information about IS V'S "’}p? + Whereas inOrt ogonalys It is squat an
ancestral character states. MaBrthogonalyslack tyloids. generally ‘U" shapedAfrigonalysspecies may also resemble

The metasoma of femalrthogonalysis unsclerotised, lacks ~ Orthogonalysbut has female armature and does not have
armature or traces of armature, and lacks modifications for Panded antennae. The toruli are far apart and the SAE are
piercing and oviposition in leaves. less prominent inTaeniogonalosand Afrigonalys than in
Schulz (1905) describe®rthogonalysas having only five ~ Orthogonalys The SAE are generally lobed and projecting in
maxillary palps, when in fact they have six. Schulz (1907a) Orthogonalysbut in the North American specié€3. pulchella
also characterized the genus as having the metasomal tergdn® SAE may be reduced.
‘klaffend’ or wide apart at the lateral posterior edges. However, ~We are synonymisingrapinogonalosunder Orthogonalys
this is a sexually dimorphic character@ithogonalysFemales ~ because Viereck (1914) designatirigonalys pulchellaas the
have a broad, generally flattened metasoma (Fig. 8), which is type species oTapinogonalosand Bischoff (1938) transferred
not much longer than wide, and is wider than the thorax. Trigonalys pulchella to Orthogonalys Bischoff (1938),
Schulz, deceived by the dimorphism, placed males in a different unaware of Viereck's designations, designated the unrelated
subfamily, because of their elongate, almost tubular, metasoma, Tapinogonalos maschundchulz as the type species of the
which is narrower than the thorax (Fig.7). The lightly —genusTapinogonaloss thus ajunior synonym @rthogonalys
sclerotised metasomal plates are easily distorted, which adds

to the confusion. Distribution. There are two disjunct but closely related New
The genu®rthogonalysncludes some of the longest as well  World speciesP. pulchellain North America (eastern United
as shortest bodied Trigonalida@rthogonalys centrimacults States, Mexico and Canada) addbolivianain South America

known from a single specimen collected from northern Vietnam (Bolivia, Brazil, Argentina and Peru). In the Old World the
and is among the longest trigonalids: the body is 14.1 mm long genus is well-represented in Japan. SeveBathogonalys
and the forewing is 13.5 mm long. Size varies greatly within species known from one to a few specimens come from eastern
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Africa and Madagascar, north-eastern India, northern Vietham
and Taiwan.

Biology Smith (1996) discusses the seasonal flight activity
of O. pulchella In North America, the records @. pulchella
parasitising Nilea (= Zenillia) lobeliae (Tachinidae) in
Acronicta lobeliagNoctuidae) (Bischoff, 1909; Townes, 1956;
Weinstein & Austin, 1991) are incorrect and result from
taxonomic confusion. Schulz (1907a) synonymi€egulchella
with Trigonalys costali€resson € Taeniogonalos gundlachii
and then reported Riley & Howard’'s (1891) rearing of
gundlachii as a host record fromD. pulchella Bischoff
(1938) correctly attributed this rearing recordftocostalis(=
gundlachi) when he removed. pulchella from synonymy
with T. costalis However, according to Carlson (1979).
pulchella has been reared from Tachinidae parasitising
LepidopteraOrthogonalys seyrigivas reared from a limacodid
moth, which was presumably its intermediate host (Benoit,
1951).

Species included

Orthogonalys albomaculatdischoff, 1951. Examinedd
from INDIA (BMNH*).

Orthogonalys bolivian&chulz, 1905. Examined from South
America (44 AEIC, 3 CNCI, 5 BMNH, ZSMC¥).

Orthogonalys centrimacultdischoff, 1951. Examined?
from VIETNAM (BMNH*)

Orthogonalys elongatderanishi, 1929.
Orthogonalys hirasana Teranishi,
Marsakov, 1981).

= Orthogonalys debilisTeranishi, 1929 (syn. by Tsuneki
1991).

Examined from JAPAN (39 AEIC, 5 CNCI).

1929 (syn. by

Orthogonalys formosanderanishi, 1931. Examined #0
3? from TAIWAN (AEIC, TARI, UOPJ*).

Orthogonalys fukuiensi¥suneki, 1991.
Orthogonalys gigante®enoit, 1951.

Orthogonalys hagoromoni$eranishi, 1929. Examined 127
specimens from JAPAN (AEIC, CNCI).

Orthogonalys hovaBischoff, 1933. Examined &, 3%, 1?

from MADAGASCAR, TANZANIA (AEIC, MRAC,
NHMW, ZMUC).
Orthogonalys pulchella (Cresson, 1867). Numerous

specimens from eastern North America (USNM, CNCI, AEIC,
ZSMC, TAMU, CASC, FSCA, others).

Orthogonalys seyrigBischoff, 1933. Examined® from
TANZANIA (tentative identification, species described from
Madagascar) (AEIC).

Trigonalinae Cresson, 1887

The subfamily Trigonalinae, unlike the Orthogonalinae,
comprises all taxa possessing tyloids. The tribe Nomadinini,
within the Trigonalinae, is assumed to have lost tyloids
secondarily. Previously this subfamily was characterized by
the absence of female armature (Schulz, 1907a) and included
all such taxa ¢ Discene#?). According to the current analysis,
female metasomal armature is not part of the groundplan for
the family and has been lost repeatedly within the tribe
Trigonalini. Thus, the presence or absence of metasomal
armature is not by itself a distinguishing character for any
monophyletic group. Schulz (1905) and Bischoff (1938)
attributed the Trigonalinae to Cameron (1899) who stated that
he was establishing a new tribe and then gave the diagnostic
features of ‘Trigonalidae’ (?misspelling for Trigonalini) and
‘Nomadinae’ (?misspelling for Nomadininae or Nomadinini).
Apparently because of the confusion surrounding the spelling
and ranking of Cameron’s groups, Weinstein & Austin (1991)
attributed the name to Schulz (1907a). However, as all family
group names are equivalent in status, the first used family
group name takes precedence for all family group names
(International Code of Zoological Nomenclatuf985, Article
36a). Thus Cresson (1887), even though he never used the
name Trigonalinae at the subfamily level, is the correct author
of this subfamily.

Several genera in the Trigonalinae, including
Pseudogonalosand Mimelogonalos have not been included
in any tribe. This approach was taken because they do not
the possess the apomorphies defining the two tribes and,
further, they have no characters uniting them beyond those
of the subfamily. Some specimens, possibly representing
undescribed genera, require additional specimens for
satisfactory description and placement. A single undescribed
female from Japan (Genus 1 in data matrix, Table 1, CNCI)
has an unsclerotised structure that appears similar to a
capsule. This specimen is close @rthogonalysin most
other respects (thin overlapping metasomal plates, genal
carina ending before hypostomal carina, and hind trochantellus
divided), except for a strongly areolate propodeum similar
to that of BareogonalosA partial fusion of metasomal terga
I & Il is unigue to this specimen. The male, and whether
it has tyloids, is unknown. Because the ‘capsule’ is not
sclerotised and the specimen does not have other derived
features in common with the taxa that have capsules, we
do not consider it homologous with a capsule. However, in
the data matrix it has been conservatively coded as being
a capsule. Two unidentified species from New Guinea (Genus
2, BPBM, AEIC, BMNH) with some primitive characteristics
of Orthogonalys such as the terga thin and folding ventrally,
have broad elongate tyloids similar to, but not the same as
Mimelogonalos These taxa, as well a$eranishia are all
placed in the Trigonalinae. More work on the Asian fauna
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Fig. 28. Characters mapped on one of the thirty-two most parsimonious trees. Tree length: 76 steps (using Evaniomorph outgroup; if rooted with
Ancestor the tree would be 72 steps). Bold numbers indicate unambiguous mapping of characters whereas italicised numbers indicate ambiguous
mapping of characters, usually due to one sex being unknown. The italicised numbers appear on two or more branches for every single origination of
the character state.

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76



56 David Carmean and Lynn Kimsey

E 2
£ S 0§ o=
S = ‘'~ N“'vﬂ
- = SR
S 3 & = S 3z & £
N @ —_~ o~ g w < S =~ B W = =8
2 w XS = 3 2 = 8 » s S T 3 83 % =
&) S = S S S =
= = S 8 ] SN < 2 &% s 8 £ 9 = =
S s 5§ §§ % § 85225 33 aYFEF &8 &G
c-E::MSS:§EMNu5~=QE S S s %
S S S 8 & 8 T 8§ S S L 8§ 2 L 2 % & s s & 8 & &
Qakﬁﬁ.:%M°°§)=§=:hQ’N'N'ﬂ‘N‘ﬂ'N'N
S 8§ 8 S £ 8§ & ¢ » S s = = = =] g 8 =
S 2 § £ § 8§ S & & 8§ £ 3§ ¥ g8 =2 % $ S S S S S
S 2 8 2 8 83 XN AR XA ¥ =253 2RSSR 8 &8 &8
R 2R XIS IORRBROVOECRERER B R RS

|

Fig. 29. Same tree as in Fig. 12, rootedBereogonalosThe outgroup is nested well within the ingroup, suggesting the improbability of this rooting.

is required to develop a more satisfactory understanding of secondary loss of tyloids. All parasitise social wasps, except

the basal relationships within the Trigonalidae. Lycogaster which parasitises both ichneumonids attacking
Lepidoptera and solitary wasps (Eumeninae). Hosts are
unknown forAfrigonalysand Xanthogonalos

Nomadinini Cameron, 1899 Bakeronymus Nomadina and Pseudonomadinaform a
distinctive monophyletic group (the old subfamily
Type genusNomadinaWestwood, 1868 Nomadininae) (Fig. 27) having only rudimentary armature on

sternum Il, and their primary armature on sternum Ill. They

Diagnosis Body shape variable but never appearing slender also have short rounded parameres. These genera group with
and delicate. Antennal segments generally thickened; tyloids Bareogonalo$ased on their undivided hind trochantellus and
never present; shortest distance between toruli 1:7-sRortest symmetrical mandibles, although not &@hreogonaloshave
distance between inner eye margin and torulus; SAE reduced symmetrical mandiblesBakeronymusand Pseudonomadina
and intertorulus area generally very flattened; genal carina are sister groups sharing many complex derived features as
reaching or ending immediately before mandibular base; well as having an overlapping distribution. These genera both
metasomal plates often strongly sclerotised; female metasomalhave the vertex concave and the antenna low on the face,
armature always present on sternum Il and usually with a adjacentto the mandiblBlomadinaandPseudonomadinaave
reduced armature on sternum Ill, sometimes under projection rudimentary maxillary palps, but this appears to be convergent

of sternum II; parameres variable but generally elongate. based on cladistic analysis. Another interesting, apparently
convergent character is the contraction of the head posteriorly

into a neck (Fig. 37) in both thBakeronymus typicuRohwer
Discussion The genera in this tribe are characterized by the female from Taiwan and itNomadina cisandin&chulz. It is
females with the primary armature ordinarily on sternum Il not found in theB. typicus male from the Philippines or in
and secondary armature on sternum lll, and the males with a any otherNomadina(Fig. 38).
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Outgroup
Afrigonalys
Lycog. (Asian)
Lycogaster pullata
Seminota
Xanthogonalos
Bareogonalos
Bakeronymus
Pseudonomadina
Nomadina

Mimelogonalos
Taenio. enderleini
Taenio. fasciata
Taenio. fasciatipennis
Taenio. flavocincta

Taenio. gundlachii
Taenio. maga

Taenio. ornata

Trigonalys

Genus 2 (New Guinea)
Pseudogonalos

—

Teranishia
Genus 1 (Japan)

Orthogonalys

Fig. 30. Strict consensus tree from twenty-four most parsimonious trees, constrained to Outghmupadinini + (all other taxa). Tree length:

79 steps, three steps longer than without this constraint. The same topology resulted in the majority rule consensus tree from the constraint

(outgroup, Nomadinini}- (all other taxa).

Afrigonalys gen.n.

Type species:Tapinogonalos erythromelain®enoit, 1951;
holotype repository, MRAC.

Diagnosis (female only). Length: 6-9.2 mm, FW 6.7—

erythromelainais orange except near the petiokfrigonalys
ornatissimais white on the scutellum and the middle of
the dorsellum, with extensive white markings on the head,
resemblingOrthogonalys seyrigand suggesting they mimic a
third wasp. The head and mesosomaloferythromelainais

all black except for the mandibles and a small intraorbital

7.4 mm. Genal carina ending at mandibular base; malar spacewhite mark. In both species the orange metasoma with thin
short; gena behind base of eye swollen and extending in aterga, elongate shape, and shiny head create a superficial
transverse plane out from genal carina; gena and vertex shiny,resemblance toOrthogonalys However, Orthogonalys has
punctures and pubescence sparse; antennae filiform; toruli seta narrower space between the toruli thAfrigonalys and

far apart, shortest distance between inner margins of toruli
almost 2X shortest distance between inner eye margin and
outer edge of torulus; maxillary palps longer than mandibles;
propodeal foramen V' shaped bordered by a narrow carina;
tergum Il about as long as remaining terga; armature with 2
parallel, sharp ‘fins’ on sternum Il, armature on sternum Il
forming a flat ledge under sternum Il; genitalia in flattened
capsule, pointing towards armature. Male unknown.

Discussion The vertex ofAfrigonalysis tall and rounded,

Orthogonalys females lack armature that is present in
Afrigonalys Afrigonalysalso resemble3rigonalys rufiventris
but it does not have the typicdrigonalysledge between the
antennaeAfrigonalys semirubrdas an orange-brown head and
thorax and black metasoma with ivory markingaeniogonalos
species have a punctate, dull vertex.

Based on the phylogenetic analysédrigonalysis basal to
the rest of the Nomadinini. Characters unitifsfgigonalyswith
the Nomadinini include the flat area between the reduced SAE,
intertorulus distance greater than eye to torulus distance, and

and its surface, as well as that of the genae, is shiny and the presence of female armature and capsule. Kalgonalys

smooth. Species oAfrigonalys are black and orange with
white markings. The metasoma iA. ornatissimaand A.

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76
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Table 2. Comparison of previous and current classifications of the family Trigonalidae.

Classification from Weinstein & Austin (1991) Current classification
Bareogonaloinae Trigonalidae Cresson, 1887
1. BareogonalosSchulz, 1907 Status uncertain, within Trigonalidae
= NippogonalosUchida, 1929 1.TeranishiaTsuneki, 1991
Disceneneinae Orthogonalinaabf.n.
2. DisceneaEnderlein, 1905 20rthogonalysSchulz, 1905
= StygnogonaloideStrand, 1912 = SatogonalosTeranishi, 1931
= LycogastrulaStrand, 1912 Trigonalinae Cresson, 1887
3. LycogastroidesStrand, 1912 Status uncertain, within Trigonalinae
Lycogastrinae 3Jezonogonalo3suneki, 1991
4. IschnogonalosSchulz, 1907 4 MimelogonalosSchulz, 1907
5. LabidogonalosSchulz, 1906 5Pseudogonalo$chulz, 1906
6. LycogasterShuckard, 1841 Nomadinini Cameron, 1899
7. LycogonalosBischoff, 1913a 6.Afrigonalysgen.n. (tentative placement)
8. Stygnogonalo$chulz, 1907 7 Bakeronymufkohwer, 1922
9. TaeniogonalosSchulz, 1906 8 BareogonalosSchulz, 1907
10. TapinogonalosSchulz, 1907 9LycogasterShuckard, 1841
Nomadininae 10NomadinawWestwood, 1868
11. Bakeronymuskohwer, 1922 11 Pseudonomadindamane & Kojima, 1982
12. NomadinaWestwood, 1868 12SeminotaSpinola, 1840
= Liaba Cameron, 1899 13XanthogonalosSchulz, 1907
= PlatygonalysSchulz, 1905 Trigonalini Cresson, 18&fat.n.
13. Pseudonomadindamane & Kojima, 1982 14]schnogonalosSchulz, 1907 (tentative placement)
Seminotinae 15TaeniogonalosSchulz, 1906
14. SeminotaSpinola, 1840 = LabidogonalosSchulz, 1906
= Bertonia Schrottky, 1906 = PoecilogonalosSchulz, 1906

15. XanthogonalosSchulz, 1907 NanogonalosSchulz, 1906

Trigonalinae = LycogastroidesStrand, 1912
16. MimelogonalosSchulz, 1907 = LycogonalosBischoff, 1913
17. NanogonalosSchulz, 1906 = TaiwanogonalosTsuneki, 1991
18. OrthogonalysSchulz, 1905 16.TrigonalysWestwood, 1835
19. PoecilogonalosSchulz, 1906 = Stygnogonalo$chulz, 1907
20. SatogonalosTeranishi, 1931 = DisceneaEnderlein, 1905

21. PseudogonaloSchulz, 1906
= Trigonalis Spinola, 1840, incorrect subsequent spelling
22. TrigonalysWestwood, 1835

Genera of Tsuneki (1991) (placed in Trigonalinae)
23. TaiwanogonalosTsuneki, 1991
24. Jezonogonalo3suneki, 1991
25. TeranishiaTsuneki, 1991

Table 3. Final weights assigned each character by successive approximations weighting procedure. Characters are defined in the Character
analysis section.

Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Weight 10 10 6 6 18 3 a 4 3 4 6 10 10 3 10
Character 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Weight 10 1 3 4 1 3 2 10 2 10 4 4 1 2 5

phylogenetic analysis remains unchanged even if the missing Distribution. This genus is only known from South Africa,
antennal character is experimentally coded as ‘linear tyloids Zaire and Zimbabwe.
present’.
Etymology The name of this genus is derived from the Latin Biology Unknown.
for dwellers in Africa combined with the common ending for
trigonalids as originally spelled by Westwood.
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Figs 31-32. Bareogonalos canadensind hostVespula vulgarigVespidae). 31, Parasitoid larva (left) feeding externally; 32, pupa (left) is quite

large compared to its host.

Species included

Afrigonalys erythromelain@Benoit, 1951). Transferred from
TapinogonalosComb.n. Examined? from ZAIRE (MRAC?).

Afrigonalys ornatissimaBenoit, 1950). Transferred from
TapinogonalosComb.n. Examined? from ZAIRE (MRAC?).

Afrigonalys semirubrgBischoff, 1913b). Transferred from
Tapinogonalos Comb.n. Examined ¢ from SOUTH
AFRICA (ZMHB).

BakeronymusRohwer

BakeronymusRohwer, 1922: 417. Type specids typicus
Rohwer, 1922 (by monotypy). Repository: USNM.

Diagnosis Body elongate, dark reddish brown with extensive
yellow markings, length 7.7-9.5 mm, FW 6.1-8 mm. Head
wide, rectangular both in anterior and dorsal view, width
2.8 X length, measured from hind edge vertex to front of

median ocellus, strongly cleft at vertex; entire head smooth

antennal insertions; maxillary palps very short, approximately
length of mandible, 4-segmented (first segment short); malar
space short, at least in male; genal carina indistinct, ending at
mandibular base; mandibles symmetrical, basal tooth wide,
almost as wide as 3 remaining teeth; antenna 14-15 segmented,
first 2 flagellomeres elongate and thin, remaining flagellomeres
thicker and cylindrical, not beadlike; antennal insertions wide
apart, intertorulus distance about 2&the shortest distance
between inner eye margin and torulus; wing with marginal cell
darkened; 2 closed submarginal cells (the one female examined
has part of 3rs-m cross vein); propodeal spiracle not covered;
metasoma spatulate, petiole laterally slightly flattened.
Parameres in side view short, 0Rlength of basiparamere,
and as wide as basiparamere; aedeagus not clearly visible, but
appears elongate as in Pseudonomadina; female sternum |
indented apicomedially, sternum |l similarly indented but
sclerotised and appearing like small bifid tooth or rudimentary
armature; sternum Il with prominent bifid armature projecting
over smaller armature on sternum IV, and out over terminal
sternum; genitalia enclosed in capsule and tip of metasoma
modified into a sharp hollow awl.

Discussion The distinctive head immediately distinguishes

and shining; antenna adjacent to mandible, clypeus betweenthis genus from all other Trigonalidae except the closely related

© 1998 Blackwell Science LtdSystematic Entomolog23, 35-76



60 David Carmean and Lynn Kimsey

35.

Figs 33-34. Right lateral view. 33, Most Trigonalidae (eye with posterior margin near middle of mandibular basXgr8dpgonalogeye with
posterior margin behind or at mandibular base).

Figs 35-36. Heads, lateral view. 35[rigonalys maculifrons36, Taeniogonalos ornata.

PseudonomadinaThe head is shiny, transverse, with the Biology The genus was reared in Taiwan frérarapolybia
midline at least slightly concave from the back of the vertex varia Fabricius (Polistini, Vespidae) (Yamane & Terayama,
to the clypeus. The antennal insertions are adjacent to the 1983).

mandibular base, and the clypeus is situated between the

antennae. The easily visible maxillary palps that are about

as long as the mandibles will distinguish this genus from gpecies included

Pseudonomadinawvhich has vestigial palps. An anterior view
of the head is given in Yamane & Kojima (1982). In dorsal
view the female from Taiwan has a distinct neck, as in Fig. 37
that is not found in the male from the Philippines. Unfortunately,
the only specimens known are two males from the Philippines

and four females from Taiwan, and the variation may be due to

sexual or geographical variation, as well as species differencesBareogonalosSchulz
(Yamane & Terayama, 1983).

Bakeronymus typicuRohwer, 1922. Examined, ¢ from
" PHILIPPINES, TAIWAN (USNM*, YAMA).

BareogonalosSchulz, 1907a: 18. Type speci@gigonalys
Distribution. Bakeronymushas been collected in the canadensiddarrington, 1896; designated by Schulz (1907b)
Philippines and Taiwan. necViereck (1914). Repository ZMHB, see Carmean (1989).
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NippogonalosUchida, 1929: 79. Type specid¥. jezoensis
Uchida (1929) by monotypy. Repository: EIHU (Yamane,
1973).

Diagnosis Mesosoma and metasoma stout and thick; body
length: 8.3-13- mm (forewing 7.5-13.1 mm); head small and
rectangular, with long pubescence; malar space long; genal

Revision of the Trigonalidae 61

Yamane, 1975). In addition, an undescribed species from
Indonesia was reared froRrovespa(YAMA).

Bareogonalos canadendirvae initially feed internally and
then emerge to feed externally and pupate under a thickened
cap (Figs 31, 32).

carina obsolescent near hypostomal carina; antenna 18-23Species included

segmented; intertorulus distance variable, usually about equal
to torulus to inner eye distance, half as wideBinhuisuniand

Bareogonalos canadensis(Harrington, 1896). Examined

an undescribed species from Sumatra; mandibles symmetricalnumerous specimens from CANADA and USA (CARM,

(except inB. jezoensis scutellum raised; hind trochantellus
undivided; thorax and propodeum coarsely areolate, contrasting

with smooth, generally shining metasoma,; terga transparent at

sides; metasoma sexually dimorphic, in female almost as high
as wide, semirectangular and blunt posteriorly in dorsal view,
in male elongate fusiform, pointed posteriorly; paramere short
and wide, forming right angle to basiparamere, width
3.3 X length and 1.3 width basiparamere; aedeagus laterally
flattened, expanded at tip into symmetrical club or ‘T’, width
3.6 X width of base, each side of ‘T’ about same height as
width of base. Female primary armature on sternum I, projects
over sternum lll which has a similarly shaped though slightly
smaller armature; genitalia held in capsule.

Discussion The species of Bareogonalos form a
monophyletic group united by their parasitism of vespines, and
by their dorsally transverse heads with long pubescence,
generally stout shape, sexual dimorphism, deeply areolate

propodeum and smooth, often shining metasoma. The female

metasoma is almost as high as it is wide with the main
armature on sternum IBareogonalo$ias the hind trochantellus
undivided and maxillary palps as long or longer than the

mandibles. The antennal insertions are above the clypeus,

remote from the mandibular base. Other genera with the hind
trochantellus undivided have relatively slender metasomas with
the main armature on sternum Ill. These other genera also
have greatly modified heads including vestigial palps and/or
antennal insertions at the level of the mandibular base with
the clypeus between the insertions.

Koenigsmann (1976), apparently based on Schulz (1907a),
stated thatBareogonalosfemales characteristically have one

CASC, CNCI, USNM, ZMHB?).

Bareogonalos huisuniSk. & S. Yamane, 1975. Examined
12, 1? from TAIWAN (YAMA).

Bareogonalos jezoens({t/chida, 1929). Examined® 4%,
from INDONESIA and JAPAN (ZMHB, MCZC, USNM,
CARM).

Bareogonalos scutellaris(Cameron, 1897). Examined
holotyped, and holotype? of Trigonalys flavonotat&€ameron,
1897; from MEXICO (BMNH?¥).

UndescribedBareogonalossp. from INDONESIA, &, ¢
(YAMA).

LycogasterShuckard

Lycogaster Shuckard, 1841: 121. Type speciés pullata
Shuckard, 1841 (by monotypy). Repository: lost.

Diagnosis Body stout, length 5.5-13 mm, FW 4.8-11.2 mm
(most 9-10 mm long, FW 8.5 mm). Genal carina meeting
lateral edge of mandibular base in Asian species and hypostomal
carina in New World species; malar space short; antenna
spindleform or thickened, with 22—24 segments, lacking tyloids;
shortest distance between toruli 1.7-2 shortest distance
between inner eye margin and torulus; anterior tentorial pits
large; clypeal suture={ epistomal suture) indistinct; forewing
with submarginal cell Il ordinarily not petiolate; entire forewing

more antennal segment than the males. However, the numbersm()ky (not dark); tergum | relatively broad; tergum Il about

of flagellomeres depends primarily on the size of the individual,
and thus the host size (Yamane & Yamane, 1975; Carmean,
1988).

Distribution. Species oBareogonalosare found around the
perimeter of the Pacific including SW Mexico, NW United

as long as following terga together. Paramere making almost
a 45 degree angle to basiparamere, and short and wide
(2.7 X wider than tall); basiparamere 17 longer than wide;
aedeagus laterally flattened, tip drawn out to a dorsal point,
height of tip 1.25X the height of shaft; anterior transverse
groove on sterna lll & IV of male; female sternum Il with
high posterior ledge, central projection distinct in New World

States and SW Canada, E Siberia, Japan, Taiwan and Indonesiapecies and slight in Asian species, sternum Il with anterior

(Java and Sumatra).

Biology Bareogonalosspecies are the only confirmed
trigonalid parasitoids of Vespinae (Vespidae), including
DolichovespulaVespaandVespulalvan der Vecht, 1934, Stage
& Slobodchikoff, 1962; Carmeartal., 1981; Ono, 1987,
1988; Carmean, 1988, 1991; Yamane, 1973; Yamane &
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ledge, often under ledge of sternum II.

DiscussionLycogastercan be identified by the stout, usually
punctate body, and the short spindleform antenna with the
flagellomeres cylindrical rather than knobbed as in
Bareogonalos The second metasomal segment is longer than
the following segments which are slightly attenuated and in
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the female, strongly curved ventrally and anteriorly. The female ~ Undetermined Lycogaster sp., 52 from INDONESIA,

armature is composed of a ledge on the second sternum whichMALAYSIA (FSAG, ANIC, USNM).

does not project posteriorly over the following segments.

Lycogastermay be most closely related to the neotropical

genusSeminotaHowever,Seminotaspecies have shiny heads NomadinaWestwood

with long, posteriorly angulate vertices, whereas those of

Lycogasterhave punctate heads with rounded vertices. Nomadina Westwood, 1868: 328. Type speci®s smithii
AsianLycogasterspecies group together due to the armature ~ Westwood (by monotypy). Repository: BMNH.

of the female having slightly uplifted prongs on either side,

and the male with two lateral subapical prongs on sternum Il. Liaba Cameron, 1899: 3. Type speciks balteataCameron,

However, these modifications could be derived features within 1899 (by monotypy). Repository: BMNH.

Lycogaster and there is otherwise not sufficient evidence to

warrant dividing the Asian species from the North American PlatygonalysSchulz, 1905: 86. Type speci®sphylogenetica

species as a new genus. We have not seen the male antenna Schulz, 1905 (by monotypy). Repository: ZMHB?.

of any Asian species, but Chen (1949) describkd

violaceipennisas lacking tyloids. Diagnosis Length: 5.5-11 mm, FW 4.6-10.5 mm. Antennae
Bischoff’'s concept ofLycogasterwas very broad, as he thickened, 16-segmented; intertorulus distance about 1.2—
included a species with tyloidéycogaster zimmerBischoff, 1.9X torulus to inner eye distance; maxillary palps
which we have transferred tdaeniogonalosand a species rudimentary; clypeal suture below antennal insertions; clypeus
with filiform antennae, Lycogaster semibrunnedischoff, longer than wide, projecting over base of mandibles; head
which Riek (1954) transferred ttaeniogonalos relatively smooth and shiny, covered with dense short

pubescence; mesosoma very smooth; FW with one closed
Distribution. Lycogaster pullatais known from North submarginal cell (2 ifN. smithii); mesothoracic and propodeal
America (Mexico, United States and Canada) Brapicipennis spiracles uncovered; propodeal foramen broadly ‘U’ shaped,
is known from Central America (Mexico and Costa Rica). The wider than tall; metasoma dorsoventrally flattened, terga and
other species are from eastern Asia (Indonesia, China, Burma).sterna very thin. Parameres roundedx ®vider than tall but
not angled or extending past basiparamere; aedeagus expanded
Biology North American species have been reared from apically, making a ‘V' perpendicular to shaft and pointing
Ichneumonidae  parasitising Saturniidae  (Lepidoptera) anteriorly, shaft quite stout; female sternum Il sclerotised
(Bischoff, 1909), from Eumeninae, Vespidae (Hymenoptera) apicomedially, armature appearing vestigial; main armature on
(Cooper, 1954; Parker & Bohart, 1966) and Arctidae sternum lll, generally projecting over sternum IV and reaching
(Lepidoptera) (intermediate host) (LACM) (Townes, 1956). terminal sterna; genitalia contained in elongate flattened capsule
D.H. Janzen (personal communication) has reared with prominent sclerotised ‘awl’ pointing anteriorly.
apicipennisfrom Enicospilus(lchneumonidae, Hymenoptera)
parasitising Notodontidae (Lepidoptera). DiscussionNomadinais the only genus with sixteen antennal
segments, and may be the only genus in which the antennal
segment number does not vary with size. The mesothoracic
and propodeal spiracles bfomadina(as well asBakeronymus
Lycogaster apicipennis (Cameron, 1897). Specimens and Pseudonomadinaare uncovered whereas other trigonalid

examined, COSTA RICA, 12 (EMUS, INBIO, RMNH genera have their mesothoracic spiracle covered by a

NHMW); MEXICO, 29 (LACM, NHMW). pronotal lobe. o
Nomadinaand Pseudonomadinaliffer in some aspects of

Lycogaster celebesiens{$zepligeti, 1902). Type material  their male genitalia. The basiparameres (large and stout) and
examined:?, lectotype hereby designated to formally recognize parameres (reduced) are similar, but the aedeagus of the
the unpublished designation by J. Papp; INDONESIA: S. Nomadinais clubbed, whereas it is asymmetrical and knife-

Species included

Celebes, Bua-Kraeng, 5000 ft, ii.1898.( Fruhstorfey shaped irPseudonomadinaanthogonalo$ias parameres that
(HNHM). Condition, left wings broken off and glued to card are narrowly transverse, but the aedeagus is clubbed as in
(det. asd by Szepl.). Also examined, 32 from INDONESIA, Nomadina

CHINA (RMNH, CASC).
Distribution. This genus is neotropical, occurring in Costa
Lycogaster heinrichBischoff, 1933. Rica, Panama, Venezuela, Ecuador and Brazil. Althobgh
balteata is described from Chile, all known collections are
Lycogaster pullataShuckard, 1841. 74 specimens from from Venezuela and Ecuador. The type locality, ‘Chil’, is
UNITED STATES, CANADA, and MEXICO: 42 EMUS, probably an error.
ZSMC, UMMZ, MCZC, AMNH, UCDC, CNCI and others.
Biology Nomadina have been reared from colonies of
Lycogaster violaceipenni€hen, 1949. Examine® from Polybia and Agelaia (Polistini, Vespidae) (BMNH). Sean
CHINA (ZMHB). O’Donnell (personal communication) observddomadina
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smithii acting as a mimic of small workers in a colony of
Agelaia xanthopugVespidae) it was reared from.

Species included

Nomadina balteatdCameron, 1899).

= Nomadina nasut&ischoff, 1933.Syn.n.

Examined &, 3?2, ‘Chili'?; ECUADOR, VENEZUELA
(BMNH*, AEIC, IZAV).

Nomadina cisandinéSchulz, 1905). Examined¥, BRAZIL
(BMNH, MCZC).

Revision of the Trigonalidae 63

of parts of two heads joined at the centre. The antenna is 14-
segmented in the male and 13-segmented in the female, and
the flagellomeres are conical, with each flagellomere coming
from the centre of the one preceding. These characteristics,
plus the vestigial maxillary palps, will distinguish this genus
from all others.Pseudonomadindgs similar to Bakeronymus
andNomadinain many characteristics as described above.

Biology and distributionThis species was found in two of
eight nests ofRopalidia (Icarielia) flavobrunnea(Polistini,
Vespidae), from a total of about 100 nests examined in a study
of Philippine Ropalidia (Yamane & Kojima, 1982). It is only
known from these two rearings.

Nomadina phylogeneticgschulz, 1905).
Species included
Nomadina smithiiWestwood, 1868. Examineddl 3%,
‘Amaz.’, COSTA RICA (BMNH*, CARM, UMMZ). Pseudonomadina bicep@mane & Kojima, 1982. Examined
paratype d, ?, PHILIPPINES (USNM, RMNH). Holotype
repository EIHU.
Pseudonomadinaramane & Kojima
Pseudonomadin¥amane & Kojima, 1982: 183. Type species SeminotaSpinola
P. bicepsYamane & Kojima (by monotypy).
SeminotaSpinola, 1840: 6, pl. 41. Type speci8sleprieurii
Diagnosis Length 6 mm; FW in female 5.5 mm; male FW Spinola (by monotypy).
unusually short, 3.8 mm. Head wide, almosk&s wide as
long (length measured from hind edge to front of median BertoniaSchrottky, 1906: 349. Type speciBsnigra Schrottky
ocellus), rectangular when viewed from above, strongly cleft ~ (by monotypy). Repository: lost. Synonymy by Schulz
at vertex; head, including vertex and frons, smooth and shining;  (1906c).
eye small compared to eye iBakeronymusantennae 13—
14 segmented, each flagellomere conical, expanded apically; Diagnosis Body stout; head shining, rest of body except
torulus adjacent to mandible, clypeus located between toruli, petiole punctate, dull; all black, except one species usually
intertorulus distance about X inner eye to outer torulus  with small yellow spots on petiole; wings with black markings;
distance; maxillary palps rudimentary, 4-segmented, although length: 7-15 mm; FW 6.5-12.5 mm. Genal carina meeting
segments sometimes indistinct; malar space long, receiving hypostomal carina, except genal and occipital carina absent in
antenna; mandibles symmetrical, basal tooth wide, almost asS. depressamalar space long; vertex sharply angled behind
wide as 3 remaining teeth; the hind trochantellus undivided; ocelli toward top of occipital carina, or where it would be in
legs stout in male and slender in female; marginal cell slightly S depressaclypeal suture indicated by indistinct line; suture
darkened; number of submarginal cells may be a variable between anterior tentorial pits below antennae forming an
character as male has incomplete 2 and 3rs-m cross veins;upside down ‘V’ with a noticeable bump or pit (much smaller
wings projecting past abdomen at rest in female but not in than an ocellus) at apex at about level of top of the torulus,
male; propodeal spiracle not covered; petiole only slightly similar bump above each antenna; antennae spindleform, 21—
laterally flattened; parameres (as exposed in side view) short, 24 segments; toruli far apart, shortest distance between toruli
0.25X as long as wide, same width as basiparamere; 2—4 X shortest distance between inner eye margin and torulus;
basiparamere X as long as wide; aedeagus laterally flattened, mandibles asymmetrical (one individual 8f marginatain a
not expanded apically; female sternum Il with small bifid tooth reared series of 6 (BMNH) with mandibles symmetrical);
or rudimentary armature; sternum Il with prominent bifid propodeum with deep medial groove; tergum Il about as long
armature, projecting over inconspicuous armature on sternum as following terga together. Paramere about as wide as long,
IV and over terminal sternum; genitalia enclosed in capsule dorsally squared and ventrally rounded; male sterna lll & IV
formed by flattened sternum VI and the tip modified into a with transverse grooves; female with armature on sternum IlI.
sharp hollow awl set in sternum V.
Discussion Seminotds a distinctive genus. The species are
Discussion Pseudonomadinhas the general appearance of stout and all black, except f&. depressavhich usually has
a small bee with a greatly modified hed®seudonomadinés two light marks near the posterior margin of tergum |. The
the only trigonalid in which the width of the head exceeds the head is smooth and shining, although pubescent, and has a
length of the mesosoma. The midline of the head is strongly long flattened vertex which is angulate posteriorly just above
cleft, and each side is slightly bulbous, giving it the appearance the middle of the occipital carina. The antennae are strongly
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spindle-form.Seminotais probably closest thycogaster but
can be easily distinguished by the punctate headdyobgaster
which contrasts with the smooth, shiny headSgiminota
The holotype of the type specieS, leprieurii, is missing
the metasoma but differs from oth&eminotain its wing
markings. The illustration and description of the holotype
(Spinola, 1840) and the damaged holotype have the main
characters of the genus but not the specific metasomal characters
we have used. It appears allied to, and possibly the sarBe as
marginata pubescence; length 9.4-10.2 mm, FW 9.0-9.3 mm. Head
Schulz states th& inquirendais very similar toS. marginata transverse in anterior view (especially in male); frons and
but smaller, with finer and more sporadic punctures, and a vertex forming a flat sloping plane from the antennae to back
third submarginal cell that is decidedly shorter than the second. of head; eyes with sparse pubescence; genal carina extending
These characters vary intraspecifically in other Trigonalidae straight towards edge of mandibular base, sometimes
and do not justify maintenance of two separate species hames.obsolescent near end; no genal angle between genal carina and

XanthogonalosSchulz

Xanthogonalos Schulz, 1907a: 17. Type speciexX.
robertibuyssonSchulz, 1938 designated by Viereck (1914).
Holotype repository MNHN, but loaned to Schulz and
not returned according to notes of Berland (J. Casevitz-
Weulersse, personal communication).

Diagnosis Body elongate, smooth, with dense short erect

Thus we are synonymising inquirendawith S. marginata

Distribution. Seminotais only known from the neotropics
(Mexico, Costa Rica, Panama, Brazil and Argentina).

Biology Seminotaspecies have been reared from Polistini

(Vespidae) including Apoica (BMNH), Mischocyttarus
(BMNH, IMLA), Parachartergus (CARM), Polistes and
PseudopolybigWeinstein & Austin, 1991).

Species included

Seminota depresg®e Geer, 1773). Examined35 109, 1?
(holotype) from BRAZIL, BOLIVIA, PERU, COSTA RICA
(BMNH, IMLA, NHMW, OSUO, AMNH, ZMHB, OXUM,
NHRS¥).

Seminota laevicepgCresson, 1879). Examinedd?2 72,
‘Mex’, COSTA RICA, PANAMA (KIMS, MCZC, ANSP*).

Seminota leprieuriSpinola, 1840Nec leprieuriSpinola of
Schulz (1907a); Bischoff (1938); and Weinstein & Austin

(1991). Examined 1? (metasoma missing), FRENCH GUIANA

(MRSN*).

Seminota marginatéWestwood, 1874).

= Seminota inquirend&chulz, 1907b. Holotype repository:
MLUH? Syn.n.

= Seminota taschenbergiSchulz, 1906b. Holotype
repository: MLUH (M. Dorn, personal communication).

Examined holotypeS. marginata ¢, and 9, 23?2 from
BRAZIL, ARGENTINA, VENEZUELA, PARAGUAY,
COLOMBIA (USNM, UCDC, NHMW, CASC, MCZC,
BMNH*, ANSP, IZAV, IMLA, AEIC, USNM, ZMHB, MLPA).

Seminota mexicangCresson, 1879). Examined paratyge
(ANSP) andd, 72, MEXICO (EMUS, UCDC, LACM, CNCI).

Unplaced specimens?, possibly S. laeviceps MEXICO
(ZMHB); ¢, asymmetrical petiole, protruding clypeus,
VENEZUELA (BMNH).

base of eye; prominent suture above each antenna ending in a
small round bump; intertorulus distance and torulus to eye
distance about equal; submarginal cell 1l square, about one
third length of long, narrow submarginal cell Il; propodeal
foramen ‘U’ shaped. Parameres and aedeagus very similar
to Nomadina aedeagal shaft laterally flattened, 3wvidth
paramere; female sternum Il with thin medioapical projection
overlapping sterna lll & IV; sternum Il with small medioapical
projection.

Discussion Xanthogonaloss the only trigonalid genus with
pubescent eyes. This pubescence consists of short, erect, sparse
bristles distinctly visible at magnification ok 30 although
some specimens may require searching for the right angle that
highlights an area with hairs. Other characters are more difficult
to use for diagnosis and too few specimens are available to
distinguish among interspecific, sex specific and intraspecific
differences. Xanthogonalosis characterized by an elongate
shape, females with strongly projecting armature on an elongate
sternum I, and the males lack tyloids. In the male, sternum Il
is only slightly longer than sternum Ill. In most trigonalids the
back of the eye is even with the middle of the mandibular base,
whereas in the South American specimenXarithogonaloghe
posterior margin of the eye is behind or parallel to the
mandibular base (Figs 33, 34). Females have a long malar
space whereas males have a short malar space resulting from
having a larger eye. All specimens are covered by short
pubescence. In undescribed species No. 1, the pubescence is
very dense and short, giving the body a plush appearance.

Xanthogonalodits well within the Nomadinini, due to its
armature and lack of tyloids. Schulz (1907a) placed the genus
with Seminotaprobably due to the angulate vertex and elongate
submarginal cells, but the male genitalia is more similar to
Nomadina not Seminota

The generic description in Schulz (1907a) appears to be of
a composite oXanthogonalog@ndTrigonalys Schulz (1907a)
describedXanthogonalo$rom three specimenXanthogonalos
robertibuyssoni the type species, from a single female from
Mexico, and X. severini from two males with tyloids from
‘South America’. We have identified two males without tyloids
as representing an undescribed speciesasfthogonalosthey
share the pubescent eyes and other charact&aahogonalos
The speciesseverini does not belong toXanthogonalosas
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presence or absence of tyloids does not vary intra-generically. erect; SAE slightly pyramid-shaped, not connected at midline;

Xanthogonalospecies are superficially similar in colouration

middle flagellomeres swollen, with linear tyloids. Male with

and elongate shape to the xanthic forms of the unrelated bidentate ‘armature’ on second sternum.

South AmericanTrigonalys sanctaecatharinaéSchulz). We
are synonymisingK. severiniand X. fasciatusBertoni with T.
sanctaecatharinae

Distribution. Neotropics.

Biology Unknown.

Species included

Xanthogonalos robertibuyssoichulz, 1907a. Examined,
COSTA RICA (BMNH).

Undescribed species No. 1: 92 VENEZUELA,

ARGENTINA (IMLA).

Undescribed species No. 282COLOMBIA (BMNH).

Trigonalini Cresson, 1887

Type genusTrigonalysWestwood, 1835.

Discussion Schulz (1908) described the genus as having
thin elongate tyloids, and from his illustration it appears typical
of Taeniogonalosexcept for the narrow petiole and swollen
flagellomeres. This species is apparently only known from the
holotype, which was apparently deposited in the MCSN and
lost (V. Raineri, personal communication), and the status of
this genus is unclear.

Distribution. Possibly Burma.

Biology. Unknown.

Species included

Ischnogonalos dubigMagretti, 1897).

TaeniogonalosSchulz

TaeniogonalosSchulz, 1906b: 212. Type speci@sigonalys
maculataSmith (by monotypy).

Diagnosis Body shape variable but never appearing slender LabidogonalosSchulz, 1906b: 207. Type specieligonalys
and delicate. Antennae generally elongate and filiform; tyloids  ornata Smith (by monotypy)Syn.n.
present, elongate-linear or oval to round, usually on more than
5-6 flagellomeres; genal carina reaching or ending immediately PoecilogonalosSchulz, 1906b: 212. Type specig&sgonalys
before mandibular base; propodeal foramen V' shaped, sharply thwaitesiiWestwood (by monotypy)Syn.n.
angled at apex; metasomal plates strongly sclerotised; female

armature, if present, on sternum Il or Ill, only rarely both;

male sternum Il either flattened, concave, or convex, if flattened
or convex may have a small bump or projection anteriorly;

parameres variable but generally elongate.
Discussion The Trigonalini includesTaeniogonalosand
Trigonalys and tentatively,Ischnogonalos These taxa are

generally stout bodied and males have tyloids, and at least in
the groundplan, female metasomal armature. Although host

Lycogastroide$trand, 1912: 129. Type speciegracilicornis
Strand (by monotypy)Syn.n.

LycogonalosBischoff, 1913a: 155. Type speciesflavicincta
Bischoff (by monotypy).Syn.n.

NanogonalosSchulz, 1906b: 211. Type specibls enderleini
De Santis, 1980 (by monotypygyn.n.

data are very limited, none are known to parasitise aculeate TaiwanogonalosTsuneki, 1991: 35. Type specids alishana

wasps.Taeniogonalosand Trigonalysare easy to distinguish

from each other by the shapes of their heads (Figs 22, 23).

Ischnogonalosnay be distinguished from them by its petiolate

Tsuneki by original designatiorgyn.n.

Diagnosis Entire body punctate, including gena and vertex;

metasoma and thickened flagellomeres (Schulz, 1907a, 1908).length 4.3—13 mm, FW 3.8-11.5 mm. Genal carina ending near
Several genera, previously differentiated by variable characters, outside edge of mandibular base, often dividing or fading into

are synonymised unddiaeniogonalosand Trigonalys

IschnogonalosSchulz

IschnogonalosSchulz, 1907a: 12. Type specidsigonalys
dubia Magretti (by monotypy).

Diagnosis(from Schulz, 1907a, 1908; Magretti, 1897). Body

sculpturing at end; antenna filiform, tyloids linear and parallel-
sided, with distinct edges; SAE present but reduced, forming
triangular brow over each torulus, not connected to each other
nor forming ledge above clypeus; frons between antennae
flattened, only slightly angled in side view; intertorulus distance
about same as shortest distance from torulus to eye; wings
often with smoky or dark markings; metasomal plates strongly
sclerotised, meeting laterally with little overlap; female sternum
Il expanded and often with armature either bifid or not,

small, 6 mm long, stature petite, with dense and coarse wrinkles, armature usually does not extend posteriorly over more than
low-lustre sheen except vertex which is glossy; pubescence half of sternum Ill, except in New Guinea and Australian
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species; sternum |1l without projection or ledge; male sternum
Il often flattened; parameres usually elongate.

DiscussionThis genus is characterized by the parallel-sided,

to Orthogonalysbut having tyloids. He based this relationship
on the similarity of the SAE to that dDrthogonalys without
considering the form of the gena, genal carina, propodeal
foramen, or the form of the metasomal terga. Tsuneki (1991)

usually elongate tyloids, and reduced SAE that often has a described the seven species of fawanogonalogrom eight

light-coloured mark. The intertorulus area is relatively flattened

specimens that Teranishi had identifiedlfasniogonalos maga

and the dorsal edge of each torulus is slightly raised: in anterior Five of these specimens, representing four of Tsuneki’s species,
view the dorsal edge forms a 45-60° angle to the horizontal were collected at the same time and location. We are following
plane and in dorsal view the dorsal edge of the torulus forms Teranishi’s determination.

a small projecting triangle (Fig. 17). The metasomal plates are

The female ofTaeniogonalos flavocinctavas previously

always strongly sclerotised. The armature, if present, is located unknown. Tentatively placed iflaeniogonalosT. flavocincta

on the second sternum, and not on the thifdeniogonalos
flavocincta tentatively placed in this genus, is exceptional in
that its main armature is on the third sternum with a distinct

shares the critical synapomorphies with the group: tyloids
present (Teranishi, 1929), narrow, punctate genae, and typical
reduced supra-antennal elevation, but is distinct because its

protrusion on the second. The frons is not angled either in main armature is on sternum Ill, with only a small projection
lateral or dorsal view. The gena is punctate, as is the rest of on sternum II.

the body in most specimens.

There are other sources of confusion in this group. When

A number of other taxa can be confused with members of Schulz (1906b) described the new getanogonalosie used

TaeniogonalosTrigonalys maculifronsuperficially resembles
the sympatridaeniogonalos ornati shape and colour pattern.

a specimen from Bolivia. In the description he said he initially
planned to give the specimen the species naemlérleini

The shape of the gena distinguishes the two genera (Figs 22,but before publishing decided the specimen was the same as

23). In addition, inT. ornatathe basal two-thirds of tergum |
is dark brown and the remainder is yellow, the vertex and
frons are evenly punctate, and a dark longitudinal line
completely divides scutellum into two yellow lateral sides. In
Trigonalys maculifronghe basal third or less of tergum 1 is
dark brown and the remainder is yellow, the vertex is smooth,

the Mexican Trigonalys fasciatipennisCameron. Schulz
(1906b) then describetlanogonalosbased on the Bolivian
specimen, and due to mistaken identity, Cameron’s species
became the type of the genus. Later, when Schulz (1907b) was
able to examine Cameron’s syntypes, he realised that it was
not the same genus as his Bolivian specimen. Schulz’s response

the frons above the antennae is textured, and the dark centralwas to call the Bolivian specimddanogonalos fasciatipennis
line does not reach the anterior edge of the scutellum (i.e. both Schulz. This decision violates Article 49 of theternational

sides and the anterior third of the scutellum are yellow).
Xanthogonalos species are also superficially similar to
Taeniogonalos ornata However, T. ornata females lack
armature wherea¥anthogonalosfemales have armature on
sternum II, andr. ornatamales have tyloids, which are lacking
in Xanthogonalosmales. These species probably all mimic
Agelaiaspecies (Vespidae).

As discussed in the introduction, previous workers believed
in the stability of armature as a taxonomic character and

Code of Zoological Nomenclatyravhich prohibits the re-use

of a species-group name wrongly applied through
misidentification even if the species are later assigned to
different genera. To correct Schulz’s error, De Santis (1980)
replacedNanogonalos fasciatipenn@chulz withN. enderleini
Schulz. However, agnderleini was at that time anomen
nudumand unavailable De Santis (1980) becomes the author
as he has given the species the replacement name. Furthermore,
Taeniogonalos fasciatipenn{f€ameron, 1897) was described

divided genera into subfamilies based in part on the presencefrom two specimens from separate locations. As the female is

or absence of armaturd2oecilogonalos(without armature)
was therefore separated fromaeniogonalogwith armature).
We are synonymisingoecilogonalosand Taeniogonalosfter
finding that the armature can vary not only within closely

actuallyT. gundlachij we are designating the male as lectotype.
Females ofT. fasciatipennisdo not have armature, and the
males have a convex sternum.

Synonymy ofLycogastroidesinderTaeniogonaloss based

related species, but also within a species, and that the specieon the examination of the holotype of the type species,
previously separated into these two genera form part of Lycogastroides gracilicorniStrand, and the study of paratypes

a monophyletic group that does not warrant subdivision.
Taeniogonalos thwaitesis found from India to Malaya with

of Benoit's two species in that genus, all of which are
unambiguously Taeniogonalos Benoit (1950) correctly

closely related or the same species found in the Philippines describedLycogastroides mayneis having the armature on

and New Guinea. Specimens from west of Laos have a swollen sternum I,

but later (1951) incorrectly stated that in

sternum Il but no armature, and east of Laos have sternum Il Lycogastroidesternum Il is armed. Synonymy of the genus

with armature. Both forms are found in Laos (specimens
in BPBM). Nanogonalosis also being synonymised under
Taeniogonalos Nanogonalos had been separated from
Taeniogonaloshy the absence of armature and an elongate

Lycogonalosdescribed from a single male specimen (Bischoff,
1913a), is based on the examination of that specimen. Although
this specimen is missing the metasoma, Bischoff (1913a)
described the ‘armature’ as located anterior of a flattened area

body shape. However, these characteristics are insufficient to on sternum Il, a feature known only from malaeniogonalos

distinguish genera and Nanogonalos clusters with
Taeniogonalosn the phylogenetic analysis.

Tsuneki (1991) describe@aiwanogonalosas closely allied

We are synonymisingT. costalis under T. gundlachii
Specimens of T. costalis from North and central America
have less extensive yellow markings thingundlachii from
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Cuba, but specimens from Florida are intermediate. This is the (1962b) reared an unidentifiedaeniogonalos from an
only species offaeniogonaloknown in the U.S. and Canada. ichneumonid parasitising an anthelid (Lepidoptera) and a
In the drawing of thé. gundlachii(= costalig head in Townes male and femal€el. maculatawere reared fromPanacela
(1956), the antennae are too far apart and the SAE is reduced,lewini (Eupterotidae, Lepidoptera) (ANIC). The report of
so that except for the distinct clypeal suture, the head resemblesTaeniogonalosdirectly parasitising geometrid and tortricid
that of Lycogaster Schulz (1907a) synonymised the female cocoons (Weinstein & Austin, 1991) was not confirmed (A.

Trigonalys costalisCresson with the male of the completely
unrelated speciedrigonalys pulchellaCresson, and placed
pulchellain the genu§apinogonalosBischoff (1938) removed
costalisfrom synonymy withpulchellaand placedcostalisin
LycogasterTownes (1951) movecbstalisinto Poecilogonalos

The presence of armature in the female and tyloids in the male

places this species ifaeniogonalosinder Schulz’s system as
well as in the current classification. Schulz (1907a) left
Trigonalys gundlachiias a species whose generic place-
ment was doubtful, and Bischoff (1938) and Weinstein &
Austin  (1991) placed the species ihycogaster Alayo
(1974), recognizing the close relation afundlachii to
costalis followed Townes (1956) and placed the species in
Poecilogonalos

Distribution. Taeniogonalos is the most widely
distributed of all trigonalid genera, and is found everywhere

trigonalids occur, except Europe and western North America.

Most species are from eastern Asia and South America.

Biology. Taeniogonalosspecies have been reared from a
variety of tachinid and ichneumonid parasitoids of
Lepidoptera.Taeniogonalos thwaitesinas been reared from
an ichneumonid parasitoid &fygropia quaternaligPyralidae)
(USNM) and from cocoons of Henicospilus rufus
(Ichneumonidae) collected in the soil of a tea plantation
(USNM, LACM) (Clausen, 1929)Taeniogonalos gundlachii
has been reared from a tachiniilea lobeliae parasitising
a noctuidAcronicta lobeliag(Riley & Howard, 1891; Schulz,
1907a) and another tachinid,espesiasp. from a noctuid,
Phosphila turbulenta(Carlson, 1979). It has also been
reared from unidentified tachinids frorAnisota senatoria
(Saturniidae) (TAMU) and Megalopyge opercularis
(Megalopygidae) (NCSU). A specimen from North Carolina
(NCSU) has the label information that it was reared from
a larva of Apantesis anna(Arctiidae). In Costa Rica,T.
gundlachii has been reared from both tachinidegpesia
Blepharipa Winthemia Zizyphomyia and Drino) and
ichneumonid Enicospilusand Arogug parasitoids of various
large-bodied Lepidoptera (D. H. Janzen,

personal

Austin, personal communication; I.
communication).

D. Naumann, personal

Species included

Taeniogonalos chadwiclRiek, 1954.

Taeniogonalos enderleiniDe Santis, 1980). Transferred
from NanogonalosComb.n.

Examined 58, 362 from South America (AEIC, CNCI,
MCZC, OSUO, NHMW, UCDC, BMNH, PORT, IMLA, CUIC,
ISNB, CDFA, ZMHB®).

Taeniogonalos fasciatdStrand, 1913). Transferred from
PoecilogonalosComb.n.

= Poecilogonalos magnific@eranishi, 1929Syn.n.

Examined &, 18?2 from TAIWAN, JAPAN, CHINA,
INDONESIA, MALAYSIA (AEIC, NHMW, RMNH, BMNH,
CNCI, ZMUC, CARM, CMNH, TARI).

Taeniogonalos fasciatipenn{€ameron, 1897).

Type material examined, lectotype hereby designated,
syntype of T. fasciatipennis examined= T. gundlachii
(BMNH). Examined: 1B, 99 from MEXICO (BMNH?*,
CUIC, CNCI, EMUS). Same or closely related species from
COSTA RICA and HONDURAS (£; USNM, FSCA,
PORT, CARM).

Taeniogonalos flavicinctaBischoff, 1913a). Transferred
from LycogonalosComb.n.

Holotype examinedgd, no locality (ZMHB?).

Taeniogonalos flavocincta(Teranishi, 1929). Tentative
placement, transferred froldanogonalosComb.n.

Examinedd, ¢, KOREA (USNM, HNHM).

Taeniogonalos formosangBischoff, 1913a). Transferred
from PoecilogonalosComb.n.

communication). In Kansas, this species was reared from the Taeniogonalos fulvoscutellatéAyyar, 1919). Transferred

tachinid, Allophorocera arator parasitising a detritivore
tipulid, Tipula ?flavoumbrosgGelhaus, 1987)Taeniogonalos
maynei was reared from pupae ofatoia albipunctata

(Limacodidae), presumably an intermediate host (Benoit,

1950). In Australia,Taeniogonalos maculatand T. venatoria
have been reared directly from pergid sawfly hosts
including Perga condiei P. dorsalis P. nemoralis and P.
affinis (Raff, 1934; Carne, 1969; Weinstein & Austin,
1991, 1995, 1996).

In some cases this parasitism was

from PoecilogonalosComb.n.
Examined &, 7%, INDIA (USNM, RMNH, BMNH,
OSUO).

Taeniogonalos gracilicorni€Strand, 1912). Transferred from
LycogastroidesComb.n.
Holotype examined? , EQUATORIAL GUINEA (ZMHB®*).

Taeniogonalos gundlach{Cresson, 1865). Transferred from

apparently host density-dependent, and caused a significantPoecilogonalosComb.n.

reduction of the pest sawfly numbers (Carne, 1969). Riek
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Poecilogonalos Described inTrigonalys and also placed in
Lycogaster Syn.n.

Numerous specimens from CANADA, COSTA RICA,
CUBA, UNITED STATES (MEMU, NCSU, INBIO, TAMU,
USNM, ZSMC).

Taeniogonalos henicospilRohwer, 1929). Transferred from
PoecilogonalosComb.n.

Taeniogonalos intermediéChen, 1949). Transferred from
PoecilogonalosComb.n.

Taeniogonalos javangBischoff, 1933). Transferred from
PoecilogonalosComb.n.
Holotype examined?, INDONESIA (ZMHB).

Taeniogonalos jucundéWestwood, 1868). Examined?2
‘Amazons’, COLOMBIA (OXUM*, BMNH).

Taeniogonalos kerala(Ayyar, 1919). Transferred from
PoecilogonalosComb.n.

Taeniogonalos lugubrigWestwood, 1868). Examine®,
‘Amazons’ (OXUM¥).

Taeniogonalos maculata(Smith, 1851). Examined 19
specimens from Australia (ANIC).

Type repository, BMNH.

Taeniogonalos magdTeranishi, 1929). Tentative generic
placement, transferred froRoecilogonalosComb.n.

= Poecilogonalos yuasaieranishi, 1938 (syn. by Tsuneki,
1991).

Holotype examined?, JAPAN (ITLJ*).

= Taiwanogonalos alishanaTsuneki,
examined,?, TAIWAN (OMNH?*).

= Taiwanogonalos alticoldsuneki, 1991

= Taiwanogonalos claripenni$suneki, 1991

= Taiwanogonalos laeviceptsuneki, 1991

= Taiwanogonalos minimdsuneki, 1991

= Taiwanogonalos satofsuneki, 1991

= Taiwanogonalos similisuneki, 1991

Examined 82 specimens from JAPAN and TAIWAN (AEIC,
CNCI, TARI).

1991. Holotype

Taeniogonalos maschuna(Schulz, 1907a). Tentative
placement, transferred froffapinogonalosComb.n.
Holotype examined, ¥, missing head, ZIMBABWE

(ZMHB?).

Taeniogonalos mayne{Benoit, 1950). Transferred from
LycogastroidesComb.n.
Examinedd paratype, ZAIRE (MRAC).

Taeniogonalos ornata(Smith, 1861a). Transferred from
LabidogonalosComb.n.

Examined 19, 21?2 from COSTA RICA and MEXICO
(BMNH*, ZMHB, AEIC, UMMZ, EMUS, UCDC, TMSA).

Taeniogonalos pictifrons(Smith, 1861b). Described in
‘Trygonaly$ [sic] and here transferred fronlLycogaster
Comb.n.

Examined 2, INDONESIA (OXUM, syntype; RMNH).

Taeniogonalos raymentihew replacement name
Taeniogonalos tricolouRayment, 1952.

Taeniogonalos rufofasciatéChen, 1949). Transferred from
PoecilogonalosComb.n.

Taeniogonalos sauteBischoff, 1913a.

= Poecilogonalos flavoscutellat€hen, 1949 (syn. by
Tsuneki, 1991).

= Taeniogonalos pictipennisStrand, 1914 (syn. by
Tsuneki, 1991).

Examined 7 ¢ from PHILIPPINES, TAIWAN (AEIC,
USNM, CASC).

Taeniogonalos schulZBischoff, 1933). Transferred from
NanogonalosComb.n.

Taeniogonalos semibrunne@Bischoff, 1951). Tentative
identification, 3, 102 from AUSTRALIA (MAMU).

Taeniogonalos taihoringBischoff, 1914). Transferred from
NanogonalosComb.n.

Taeniogonalos tenebrodiek, 1954.

Taeniogonalos thwaitesifWestwood, 1874). Described in
Trigonalysand here transferred froRoecilogonalosComb. n.

Examined ¥, 309 from INDIA, SRILANKA, THAILAND,
LAOS, MALAYSIA, PAPUA NEW GUINEA, TAIWAN
(BMNH, BPBM, USNM, LACM, OSUO, AEIC, OXUM¥).

Taeniogonalos tricolour(Chen, 1949). Transferred from
PoecilogonalosComb.n.

Examined &, CHINA, THAILAND, KOREA (USNM,
HNHM).

Taeniogonalosrenatoria Riek, 1962. 215 specimens from
AUSTRALIA (ANIC, AEIC).

Taeniogonalos zairensi@Benoit, 1950). Transferred from
LycogastroidesComb.n.
Examined? paratype, ZAIRE (MRAC).

Taeniogonalos zimme(Bischoff, 1933). Transferred from
Lycogasterbased on male having tyloids (Bischoff, 1933).
Comb.n.

Unplaced specimenstaeniogonalossp. 1: ARGENTINA,
23, 2 (IMLA, AEIC). Taeniogonalosp. 2: 3, PAPUA NEW
GUINEA (UCDC). Taeniogonalossp. 3: ¢, INDONESIA
(RMNH). Taeniogonalossp. 4: 213, 169, PAPUA NEW
GUINEA (ANIC).
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Trigonalys Westwood

TrigonalysWestwood, 1835: 52. Type speci€smelanoleuca
Westwood (by monotypy).Trigonalos Schulz, 1906a;
emended without justificationTrigonalis Spinola, 1840;
incorrect subsequent spelling.

StygnogonalosSchulz, 1907b:305. Type specidsigonalys
championiCameron (by monotypy)Syn.n.

Discenea Enderlein, 1905: 200. Type specieFigonalys
natalensisKreichbaumer (by monotypygsyn.n.

LycogastrulaStrand, 1912: 130. Type speciks micanticeps
Strand (by monotypy).

StygnogonaloideStrand, 1912: 128. Type specigsrassiceps
Strand (by monotypy).

Diagnosis Length 6.2-13 mm, commonly 8-10 mm, FW
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placedLycogastrulan the subfamily Lycogastrinae and erected
the subfamily Disceneinae. Weinstein & Austin (1991)
recognized Benoit’'s subfamily Disceneinae but not Benoit's
acceptance of the genligcogastrula

Trigonalys melanoleucdas represented by two syntypes
(BMNH, OXUM). We are designating the BMNH specimen,
a female, as lectotype. The wings of the lectotype are spread
and it is missing the left hind leg, both middle legs, and the
tips of both antennae.

Sharp (1895) illustratedrigonalys maculifronswith the
caption Trigonalys maculifronsCam. i.l. Mexico." prior to
Cameron’s (1897) description of the species. Since the
illustration clearly depicts the holotype specimen described in
Cameron (1897), Sharp is therefore the legitimate author of
this species rather than Cameron.

We have seen three undescribed species allifdigmnalys
championi Cameron represented by four specimens (CNCI,
BMNH, EMUS, PAGL). The similar looking Trigonalys
melanoleucaias tergum | with the apex rounded (Fig. 39) and
the female without armatur@rigonalys championhas tergum

4.9-10.6 mm. Occiput strongly excavated to mandibular base; | with the apex nearly straight across (Fig. 40) and the female
genal carina extending straight and unbranched to lateral edgewith armature on sternum lll. Additional variation within the
of mandibular base without getting smaller; genal carina on genus can be seen comparing Figs 41, 42.
genal angle (Fig. 22), area around the end of carina smooth, The figure in Schulz’s monograph (1907a) labelled
not rough; gena wide in side view and shining behind lower Labidogonalos ornatés actuallyTrigonalys sanctaecatharinae
part of eye; malar space short; antennae elongate and filiform; from South America. Inl. sanctaecatharingesome females
tyloids small, rounded and often glistening; intertorulus distance have one to three extremely reduced tyloid-like structures,
about equal or a little less than distance from torulus to inner instead of the normal 4-8 tyloids per antenna found in males.
margin of eye; lower face above clypeal suture and area
between antennae not punctate, usually shining; frons sharply Distribution. Trigonalysis known from South and Central
angled in side view, with slight carina between antennae; America, subsaharan Africa and Asia (India and Philippines).
female armature present or absent, if present generally on
sternum ll, rarely on Il or Il & Ill; female tergum V often Biology Although T. melanoleucais one of the most
hoodlike, with flange over posterior segments; male metasoma commonly collected trigonalids, its host is unknowWrigonalys
rounded ventrally. natalensishas been reared from an unidentified lepidopteran
pupa (Schulz, 1910) andl. ?micanticepshas been recorded

Discussion Members of this genus are the only trigonalids from a larva ofAchaea catacoloidefNoctuidae) (BMNH).
that have the genal carina located on the genal angle, and have

the occiput strongly excavated all the way to the mandibular

base (Fig. 22). The SAE join together forming a ledge between

the base of the antennae and the area between the ledge an
the clypeal suture is shiny, as is the gena.

A number of Trigonalys species resemble those of other ~ Trigonalys championi Cameron,
genera. Trigonalys flavescenswith its smooth metasoma,  StygnogonalasComb. revived.
orange colour and elongate shape, superficially resembles Examined 2, GUATEMALA, COSTA RICA (BMNH*,
Orthogonalys However, inT. flavescensthe genal carina ends ~ USNM).
at the mandible base whereasOnthogonalyshe genal carina
fades before reaching the hypostomal carina, anidigonalys
the head is more hemispheric@itigonalys maculifrongan be
separated from the superficially simil&aeniogonalos ornata
by the generic differences in head shape and the slight
differences in colour patterns described in the discussion of
Taeniogonalosthe Key to New World genera, and Figs 22, 23.

We are synonymisingDiscenea and Lycogastrula with
Trigonalys These genera were erected for species known only
from Africa, but these species share the generic characteristics Trigonalys lachrymosaWestwood, 1874. Restored from

E?pecies included

1897. Restored from

Trigonalys crassiceps(Strand, 1912). Transferred from
DisceneaComb.n.
Examined?, EQUATORIAL GUINEA (ZMHB?¥*).

Trigonalys flavescengBischoff, 1951). Transferred from
LabidogonalosComb.n.
Examined &, MEXICO (BMNH*, EMUS, PORT).

of Trigonalys Bischoff (1951) argued for the synonymy of
Lycogastrulawithin Disceneawhereas Benoit (1950, 1951)
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Trigonalys maculifrons Sharp, 1895. Restored from
LabidogonalosComb. revived.

Examined %, 1992, MEXICO, COSTA RICA,

HONDURAS, GUATEMALA (BMNH*, AMNH, ANSP,

LACM, EMUS, MCZC, FSCA, UCDC, USNM).

Trigonalys melanoleucVestwood, 1835.

Type material examined: lectotype hereby designated,
BRAZIL (BMNH). Condition: missing very tip of both
antennae, wings spread, missing left hind and middle le@s. 1
paralectotype, no collection data (OXUM). Also examined
183 specimens from South America including ARGENTINA,
BOLIVIA, BRAZIL, ECUADOR, GUYANA, PARAGUAY,
PERU, TRINIDAD, VENEZUELA (MCZC, IMLA, BMNH,
FSCA, AEIC, CNCI, UCDC, CDFA, and others).

Trigonalys micanticepgStrand, 1912). Transferred from
DisceneaComb.n.

Examined, tentative identification, 36 132 from
CAMEROON, GHANA, IVORY COAST, GABON, ZAIRE,
ANGOLA (BMNH, FSAG, MRAC, CNCI).

Trigonalys natalensiKreichbaumer, 1894. Restored from
Discenea Comb. revived.

Examined &, 10?2 from SOUTH AFRICA,
MADAGASCAR, KENYA, ZIMBABWE, ANGOLA (AEIC,
BMNH, ZMHB, CNCI, UCDC, MRAC).

Trigonalys rufiventris Magretti, 1897. Restored from
Lycogaster Comb. revived.
Holotype not found in MCSN (V. Raineri, personal

communication). Examined, 2?2, INDIA (MCZC, OSUO).

Trigonalys sanctaecatharinaéschulz, 1907a). Transferred
from LabidogonalosComb.n.

= Xanthogonalos fasciatuBertoni, 1912.Syn.n.

Xanthic form of T. sanctaecatharinae

= Xanthogonalos severirSchulz, 1907aSyn.n.

ExaminedX. fasciatusparatype?, PARAGUAY (USNM).
Also examined 8%, 25%, 9? from BRAZIL, ARGENTINA,
PARAGUAY (MCZC, CNCI, AEIC, UCDC, OSUC, BMNH
and others).

Genera not assigned to tribes (within Trigonalinae)
JezonogonalosTsuneki

Jezonogonalo3suneki, 1991: 32. Type specidsmarujamae
Tsuneki (by monotypy). Repository: OMNH. Described from
a single female (not male) without antennae. Tentative
placement.

Diagnosis(from Tsuneki, 1991). Head from above with SAE

robust, slightly less than 2< as long as wide, forewing
weakly fasciated.

Discussion Tsuneki (1991) distinguishedezonogonalos
from Taeniogonalos magay the slightly more anteriorly
produced SAE. The single specimen on which the genus is
based is inadequate, and more specimens in better condition
are needed to evaluate its generic status.

Distribution. The specimen described by Tsuneki (1991) is
from Japan.

Biology Unknown.

Species included

Jezonogonalos marujamdesuneki, 1991.

Jezonogonalos marujamanasuneki, 1991 (variant spelling
in original work, J. marujamaechosen by Tsuneki, 1992.
Examined? from JAPAN (OMNH?).

MimelogonalosSchulz

MimelogonalosSchulz, 1907a: 8. Type specids. bouvieri
Schulz (by monotypy).

Diagnosis Body punctate and shiny black, with yellow
clypeus and parts of legs, sometimes spots on scutellum,
dorsellum, and metasoma; length 5-9 mm, forewing 4.2—
7.9 mm. Genal carina meeting mandibular base; malar space
long; antennae with 22—-25 segments, almost as long as body;
tyloids broad and elongate, with a dull lead-like lustre, surface
keel shaped; toruli close together: shortest distance between
toruli 0.6-0.9X less than shortest distance between inner eye
margin and torulus; wings hyaline or yellowed but without
dark markings; mesosoma and metasoma compact, not elongate;
tergum Il about as long as following terga together; parameres
are truncate apically; aedeagus rectangular, in side view broader
and more squared at tip than in any other known trigonalid.
Female without armature, terminal sternum modified into
cylindrical tube that often points straight down out of
metasoma.

Discussion This genus can be recognized by its black body
with yellow markings, and shiny metasoma without ventral
modificationsTaeniogonalogthe only other genus in Australia,
has a dull-coloured and punctate integument, and males have
flattened metasomal sterna whereas females have armature.
Taeniogonaloss often reported as black with lighter markings
(Teranishi, 1929; Chen, 1949; Riek, 1954; Townes, 1956), but
the ‘black’ is actually fuscous. INimelogonaloghe metasoma
is either all black or black with two dorsolateral yellow
spots, whereas infaeniogonalosthe metasoma is usually
transversely striped.

The holotype oMimelogonalos bouvierschulz, 1907a was
reported as lost and the species redescribed by Riek (1954)

strongly produced anteriorly, at least as long as wide at base; but a neotype not designated (Article ABternational Code

SAE directly rising from frons (not from indentation); gaster

of Zoological Nomenclatuje Berland recorded that the
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o o
o o o o
/ Neck / No Neck
37. Concave 38. Straight or Convex

Figs 37-38. Nomadinaheads, dorsal view. 37, NecK, cisandina 38, normalNomadinawithout neck.

Figs 39-40. Dorsal view, tergum |. 39Trigonalys melanoleucad0, Trigonalys championand related species. The apex of the tergum | (dashed
line) is rounded inT. melanoleuca

Figs 41-42. Right lateral view. Pronotal collafrigonalys 41, The dorsal surface (dashed line) rises gently toward head; 42, the dorsal surface
rises vertically so as to form a posterior facing surface.

holotype was loaned to Schulz and not returned (J. Casevitz- vary within a single species in other genera. Because Riek
Weulersse, personal communication). based his species on one or two specimens, and as he was
Mimelogonaloscontained onlyM. bouvieri until Rayment only able to examine two specimens M bouvieri he was
(1952) described a second species, and Riek (1954) added fourunable to assess the extent to which the species varied. Thus,
others. All six appear closely related. Riek (1954) separated many specimens now available do not fit his key. Based on
species using characters including the number of antennal our study of Riek'sMimelogonalostype material, we have
segments and the extent of colour markings. These characterssynonymisedM. punctulata and M. partiglabra under M.
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bouvieri Additional specimens of this rarely collected genus
are required to evaluate the status of the remaining species.
Two undescribed females (ANIC, ZMHB) of the smallest
trigonalids we have seen may belongManelogonalos They
are from Australia and are about 3 mm long (forewing 2.7 mm).
These differ from otheMimelogonalosn that the genal carina

as long as wide; basiparamere slightly longer (X3 than
paramere; aedeagus similar @thogonalys cylindrical with

a capitate tip; female terminalia without armature and sternum
not expanded; terminal sternum in female pointing backwards,
not strongly sclerotised or sharply pointed.

ends inside of the mandibular base instead of bending at the Discussion The SAE in the shape of a thin anteriorly

end toward the mandibular base, and their mandibles are projecting lobe mesad of the torulus and the fasciate forewing
symmetrical. These differences could be due to their small are diagnostic for this genus. The genal carina ending at the
size. More specimens, especially males, are needed before theihypostomal carina, with the occiput deeply excavated at the

relationships can be confirmed.

Distribution. Mimelogonalosspecies are known only from
eastern Australia including Tasmania.

Biology. Unknown.

Species included

Mimelogonalos bouvierSchulz, 1907a.

= Mimelogonalos partiglabraRiek, 1954.syn.n.

= Mimelogonalos punctulat®iek, 1954.syn.n.

Examined holotypéV. punctulata ? (ANIC); holotype M.
partiglabra, ? (ANIC) and 103, 112, all from AUSTRALIA
(ANIC, AEIC).

Mimelogonalos minutgRayment, 1952). Examined, 7%,
AUSTRALIA (ANIC, BPBM).

Mimelogonalos nigricaudaRiek, 1954. Examinedd,
AUSTRALIA (ANIC*).

Mimelogonalos nigrithorax Riek, 1954. Examined ?,
AUSTRALIA (ANIC*).

Undescribed, small species, from Australia, tentatively
placed, 2 (ANIC).
PseudogonalosSchulz
Pseudogonaloschulz, 1906b: 209. Type speci@sigonalis

[sic hahnii Spinola (by monotypy). Repository: MRSN
(Scaramozzino & Pagliano, 1989).

genal carina posteriorly but flattened near the hypostomal
carina are also distinctive features. The relationships of the
genus are obscure: the tyloids are closest in shapegonalys
but that genus has the SAE meeting at the midline and the
genal carina going straight to the mandibular base. The terga
are thickened and do not wrap around ventrally as is
characteristic ofOrthogonalys

Oehlke (1983) recognized the naifrggonalisSpinola, 1840
as a generic name distinct fromrigonalys Westwood, 1835,
making Pseudogonalosa junior synonym of Trigonalis
Scaramozzino & Pagliano (1989) pointed out tfagonalis
was a misspelling offrigonalys Spinola (1840) attributed
Trigonalis to Klug, indicating his intent was not to describe a
new genus, and later noted his error (Spinola, 18fgonalis
is an ‘incorrect subsequent spellingnternational Code of
Zoological NomenclatureArticle 33c) and is not an available
name. Thus the namseudogonalostands.

Distribution. Pseudogonalos hahnis known from Europe
and parts of Asia, including Siberia. Reports of this species
from Japan are actually of the genieranishia (Tsuneki,
1991). Pseudogonalos harmandivas known from a single
specimen from Darjeeling, north-eastern India (Schulz, 1907a),
now apparently lost.

Biology Pseudogonalos hahniays eggs on the exterior of
foliage (Bischoff, 1936b) and has been reared frbiprion
similis (Diprionidae) (CNCI), and ichneumonids parasitising
Lepidoptera (Bischoff, 1938). Other host records are
unconfirmed. Reports th® hahnii parasitises yellowjackets
(or their parasitoids) (Clausen, 1940; Thompson, 1958;
Weinstein & Austin, 1991) apparently started with speculation
of Dours (1873) that was never confirmed (Reichert, 1911;
Bischoff, 1936a,b). The reports (Rayment, 1948; Weinstein &
Austin, 1991) of this palearctic species as a parasitoid of the
neotropical Polistes lanioare clearly improbable and stem
from a misreading of Sharp (1895). Again, through a misreading

Diagnosis Body slender, elongate, shiny black; metasoma of the original text, Weinstein & Austin’s (1991) citation of
and head sparsely punctate, mesosoma punctate to rugosePopov (1945) reporting thatP. harmandi parasitises
length 5.5-13.9 mm, FW 4.3-9.4 mm. Genal carina meeting ichneumonids is erroneous.
hypostomal carina with occiput deeply excavated; malar space
short; SAE large vertical ligulate lobes whose upper and mesal
parts are rounded, smooth and shiny whereas lower and distalSpecies included
portions form torulus; antennae very close together, shortest
distance between toruli 0.4-0X shortest distance between Pseudogonalos hahni{Spinola, 1840). Examinedr 90
inner eye margin and torulus; tyloids present, round to slightly specimens from Europe and Asia Minor (ZSMC, MNHN,
ovoid; terga slightly overlapping sterna (not meeting laterally); CNCI, FSAG, TMSA, CASC, NHMW, PAGL).
tergum Il longer than tergum Il but not as long as following

terga together; paramere as wide as basiparamere and 1.4 Pseudogonalos harman@ichulz, 1907a.
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Teranishia Tsuneki, 1991: 15. Type speci€B nipponica
Tsuneki (by monotypy). Repository: OMNH.
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(BMNH); Bert Gustafsson (NHRS); F. Koch (ZMHB); lan
Naumann (ANIC); Chris O’'Toole (OXUM); J. Papp (HNHM)
and David R. Smith (USNM). Micki Yuval produced most of
the illustrations. Phil Ward produced the scanning-electron
micrographs 10-12 and L. Coote, with support from D.C.

Diagnosis Body slender, elongate, head and metasoma shiny Darling and his NSERC operating grant, produced micrographs
black, thorax deeply punctate; metasoma fusiform; length 8 mm 1-3 and 13. Erika Allen translated some of the very difficult

(20-12 mm, Tsuneki, 1991) FW 6.8 mm. Genal carina ending

older German works beautifully. Melissa Bennett, Mary Berbee,

before hypostomal carina; gena shiny with sparse long white Martin Dieterich, Brian Fisher, Guolin Chen and Kei Majima
pubescence emerging from punctures; malar space narrowerhelped with additional translations. Laurence Mound and

than or approximately equalling width of first flagellomere;
antennae long, filiform, with 25 (24-27, Tsuneki, 1991)

Andrew Austin gave important suggestions for improving the
manuscript. H.D. Cameron, Professor of Classical Languages

segments, not banded; toruli closer together than shortestat University of Michigan, helped with the stem of the family
distance between torulus and inner eye margin; SAE strongly name. This work was supported in part by University of

lobed and pointing anteriorly, dorsal margin slightly indented,;
FW lightly fasciated behind stigma, darkest anteriorly at either
side of 2r-rs; submarginal cell 2 rarely petiolate; propodeal
foramen ‘v’ shaped with a ‘U’ shaped carina around it (similar
to Pseudogonalgs terga thin, wrapping laterally but not
ventrally; tergum Il slightly longer than IlI; terminal female
sternum tightly folded and pointing posteriorly, not strongly
sclerotised or awl-like.

Discussion According to Tsuneki (1991), who described

Teranishiafrom a series of nine males and seven females, this

genus has a lobed SAE on the frons similaPseudogonalos

but lacks tyloids. We have not seen males in this genus but

the females do appear very close Rseudogonalos hahnii
Females in the genukeranishiaTsuneki appear to share many
primitive traits withOrthogonalys but more importantly, share
derived character states witAseudogonalosAs males of
Teranishiawere not available for this study we were only able
to tentatively evaluate the phylogenetic position of this genus.

Distribution. The specimen described by Tsuneki (1991) is
from Japan.

Biology Unknown.

Species included

Teranishia nipponicaTsuneki, 1991. Examined 22 from
JAPAN (AEIC, CNCI).
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