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Abstract

Eustochomorpha Girault, with one described species, E. haeckeli Girault, from Australia is redescribed.
Neotriadomerus Huber, gen. n., is described, together with seven new species, all from Australia: V. bur-
welli Huber, sp. n., V. crassus Huber, sp. n., N. darlingi Huber, sp. n., N. gloriosus Huber, sp. n., N. lon-
giovipositor Huber, sp. n., N. longissimus Huber, sp. n. (one of the largest species of Mymaridae), and V.
powerae Huber, sp. n. Proarescon Huber, gen. n., is described for P primitivum (Huber), comb. n., trans-
ferred from Borneomymar Huber, and P similis Huber, sp. n., from Thailand. The previously unknown
male of Borneomymar madagascar Huber is described and the genus is redescribed from critical point dried
and slide mounted specimens. Triadomerini, stat. n., is proposed to include six genera: Borneomymar, Eu-
stochomorpha and Neotriadomerus, and the Cretaceous Carpenteriana Yoshimoto, Macalpinia Yoshimoto
and Triadomerus Yoshimoto. Aresconini is proposed to include five (possibly six) genera: Arescon Enock,
Kikiki Huber and Beardsley, Proarescon Huber and Tinkerbella Huber and Noyes, and the Cretaceous
Myanmymar Huber and, tentatively, also Enneagmus Yoshimoto. The two tribes are proposed as being the
carliest lineages in Mymaridae, with Neotriadomerus and Triadomerus being sister genera to the remaining

extant and extinct genera, respectively.

Keywords
Taxonomy, Chalcidoidea, fairyfly, new genera, Australia, Thailand, earliest lineages

Copyright John T. Huber. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



2 John T. Huber / Journal of Hymenoptera Research 57: 1-87 (2017)

Table of contents

SRS C oY L Tel 5 o) s VORI 2
A (11 s Yo Ye KRR 3
RESULES ettt ettt ete e e et e e e et e e e eaae e e seaaeeeeeraeeeenatreeeennaeees 4
Eustochomorpha Girault 1915 ......c.ccoovviiiiiiniiiiiiiieccteeeeeseee e 4
Eustochomorpha haeckeli Girault...............ococciviviiiiinnniiiiiieccienes 6
Neotriadomerus Huber, gen. n. ......ccocooeiviiiiiiiinniiiiinncccneecceee 14
Neotriadomerus burwelli Huber, sp. n. ...ccocooviiiiniiiniiiiiincccce 25
Neotriadomerus crassus HUD€L, SP. M. .c..cueoviiiniiiiiiniiiriciniceccceceeee 28
Neotriadomerus darlingi Huber, Sp. N........c.ccccciviniiiiiiiniiciinieccene 32
Neotriadomerus gloriosus Huber, sp. D ....cccoooiiiiiniiiiiicciieccne 40
Neotriadomerus longiovipositor Huber, sp. 0. .....ccccovviiiiinniiiiinicccne 43
Neotriadomerus longissimus Huber, sp. n. ........ccccoovvviiiiiinniiiiiicccne 51
Neotriadomerus powerae Huber, sp. N....c.ooociiiiiiiiiiiiiiiiccs 53
Neotriadomerns SP. 1. ......covueurueirueinieinieiinieeeteee ettt 60
INEOTIAAOMETUS SP. 2 ..ttt 60
INeOtTiadomerts SP. 3 .......ccoueueueueuieirinieieiiieeeeeeetse et 60
INeOTiaAdOMErtS SP. 4 ..ottt 62
Proarescon Huber, gen. N .......cccocviiiiiiiiiiiiiiiiiiccc 66
Proarescon primitivus (Huber), comb. n. ... 68
Proarescon similis HUDET, SP. D wcvvuiiiiiiiiiiiciiciecccc e 69
Borneomymar Huber ...........ccccccocooiiiiiiiiiiiiiii 77
Borneomymar madagascar Huber ...............ccccoccoiviviniiiinniiiinicccne 81
Tribe Triadomering, STAT. Mueeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e ee e e e 82
THIDE ALESCONINI.....vvviiiiiiiieeetieie et ettt eeaee e e et eaee e e eeaae e e eeareeseaaeeeens 83
DISCUSSION ... evvviieeteeee ettt e eetee e e eete e et e e eeaae e e s enbaeeeeeateeesenaeeeseeaseeesartreesesreeesennnees 84
(@703 o Ye L Ry 1o ) s KRS 85
AcknOwledgements. ........cuoueuiuiiiiiiiiiiiiecc e 85
S S TS 1Tl RS RROT 86
Introduction

Eustochomorpha Girault (Hymenoptera: Mymaridae) includes a single species, E. hae-
ckeli Girault (Girault 1915). Annecke and Doutt (1961) included Eustochomorpha in
a world key, basing its placement in the key only on Girault'S, succinct but accurate
original description; they did not locate the type. Dahms (1984) provided notes on
the holotype and only known specimen but otherwise the genus remained unknown.
Based mainly on two specimens collected in Western Australia Eustochomorpha is re-
described. Specimens of an undescribed genus, apparently related to Eustochomorpha,
were found in various collections and are described. A third genus is proposed for Bor-
neomymar primitivum Huber (Huber 2002). A key is given to these genera and their
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included species. Several other genera are included because they may well be closely
related. An attempt to place the Cretaceous fossils of Mymaridae in context with the
extant fauna is made.

Methods

This study is based on about 35 specimens on card-mounts, point-mounts and slides.
Slides of the specimens were prepared as described in Huber (2015). Morphological
terms used in the descriptions are mostly as defined in Gibson (1997) and Huber
(2012, 2015). All measurements of specimens are given in micrometers and, depend-
ing on specimen length and preparation, taken with an ocular micrometer attached to
a Nikon compound microscope at 200x magnification or a Leitz-Wetzlar binocular
microscope at 64x and 160x magnification. Because of rounding errors, it appears
that the ratios are slightly incorrect compared to those calculated using the absolute
measurements (micrometers) but, in fact, those calculated from the ocular microm-
eter readings before converting to micrometers are more accurate, so are given in the
descriptions. Photographs of slide mounts were taken with a ProgRes C14" digi-
tal camera attached to a Nikon Eclipse E800 compound microscope, and a selection
of the resulting layers combined electronically in Zerene Stacker™. Card- or point
mounted specimens were photographed with a Leica DFC 500 camera mounted on a
Leica Z16 APO Zoom macroscope or on the Nikon compound microscope. Abbre-
viations used in the descriptions are: fl_for funicle segment, gt_for gastral tergum and
mps for multiporous plate sensilla. Because the number and position of setae and the
type of sculpture on species within a given genus of Mymaridae is usually quite similar
the sculpture and setation are described in detail under the single species in Eustocho-
morpha, the single new species under one of the new genera and, to avoid repetition,
under the genus name for the new genus containing seven new species. The number
and position of setae is described for one side of the body only. So when observing a
specimen in dorsal view the total number of setae on a particular structure is twice
that described. The setae of appendages (antenna, mouthparts, wings, legs, genitalia)
are usually excluded because they are numerous and often similar; only obviously dif-
ferent ones are mentioned, where informative. In general, the position of body setae,
particularly on the mesosoma, is fairly stable and consistent within and even among
genera, though setal shape, length and thickness may vary. Specimens are deposited in
the following institutions:

ANIC Australian National Insect Collection, Canberra, Australian Capital Terri-
tory, Australia;

CAS California Academy of Sciences, San Francisco, California, USA;

CNC Canadian National Collection of Insects, Arachnids and Nematodes, Ottawa,
Ontario, Canada;

NZAC  New Zealand Arthropod Collection, Auckland, New Zealand;
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QMBA  Queensland Museum, Queensland, Brisbane, Queensland, Australia;

QDPC  Queensland Primary Industries Insect Collection, Brisbane, Queensland,
Australia;

QSBG  Queen Sirikit Botanic Garden, Chiang Mai, Chiang Mai, Thailand;

ROM Royal Ontario Museum, Toronto, Ontario, Canada;

UCRC Entomology Research Museum, University of California, Riverside, Cali-
fornia, USA.

Results

Eustochomorpha Girault, 1915
Figs 1-31

Type species. Eustochomorpha haeckeli Girault, by monotypy.

Diagnosis. Female. Antenna with funicle 8-segmented and clava 2-segmented
(Figs 3, 7, 14). Venation about 0.9x fore wing length. Postmarginal vein distinct, uni-
formly thick and about 0.7x marginal vein length, with at least 2 short, socketed setae
(Fig. 8, apical one indicated by arrow, Fig. 20c). Hypochaeta possibly present (Fig.
20a), originating on the parastigma instead of on the costal cell. Ovipositor strongly
extending posteriorly beyond gastral apex but not extending anteriorly under meso-
soma (Figs 2, 4, 28, 30).

Description. Female. Body ~1280-1290 pm in length, excluding section of
ovipositor exserted beyond apex of hypopygium. Colour. Generally brown (Fig. 4),
with a few metallic reflections (an artefact of lighting?) on gaster. Gaster at base and
most parts of legs lighter brown to white. Wings hyaline, with venation light brown.
Head. Head about 1.7x as wide as long, 1.3x as wide as high and 1.4x as high as long; in
lateral view with anterior surface convex, receding strongly from ventral margin of eye
to mouth opening, and bulging medially compared to laterally (at preorbital groove);
posterior surface slightly, evenly convex (Fig. 4). Face about as wide as high (Fig. 5),
without subantennal grooves; preorbital groove ventral to torulus straight then, more
ventrally, slightly curving medially to ventrolateral margin of mouth opening. Torulus
in slight triangular depression about 2.0x as high as torulus width and separated by
1.5x torulus width from transverse trabecula (Fig. 5). Vertex in lateral view (Fig. 11)
sloping obliquely to transverse trabecula to form an obtuse angle with face, and vertex
posteriorly merging smoothly into occiput medially but separated laterally from occi-
put by short transverse vertexal suture. Ocellar triangle raised slightly above level of rest
of vertex, the mid ocellus almost vertical, the lateral ocelli oblique, facing posterolat-
erally; ocelli with POL about 2.0x LOL and about 1.26 OOL. Transverse trabecula
separated at each apex from supraorbital trabecula (Fig. 5); preorbital trabecula (ap-
parently absent because not sclerotized) short, extending to inner orbit at about dorsal
margin of torulus (Fig. 5); supraorbital trabecula in 2 subequal sections, the posterior
sections slightly converging and the sutures outside posterior sections continuing onto
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occiput as the occipital grooves (short lines each appearing as posterior extension of
supraorbital suture and strongly converging towards occipital foramen) (Fig. 6) separ-
ating occiput medially from temple dorsolaterally. Occiput separated from vertex by
vertexal suture, this only present laterally behind lateral ocelli (Fig. 12). Eye large with
numerous (about 100) small facets, in lateral view slightly higher than wide (10:9)
and clearly separated dorsally from back of head (temple about 0.3x eye width). Ocu-
lar apodeme fairly long, crooked, needle-like. Malar sulcus absent (Fig. 11). Gena at
level of ventral margin of eye wider than malar space. Occiput entire, not separated
by transverse groove into upper and lower portions (Fig. 6a). Mouthparts. Labrum
with 2? setae; mandible with 3 teeth. Antenna. Scape about 2.6x as long as wide, with
radicle distinct from rest of scape and about 0.25x total scape length (Fig. 13); pedi-
cel about 2.1x as long as wide, almost as wide and about 0.7x as long as entire scape;
funicle 8-segmented; clava 2-segmented (Figs 3, 7, 14), 1.08x as wide as apical funicle
segment and 0.32-0.36x as long as entire funicle. Mesosoma. Mesosoma about 2.2x
as long as wide, 2.3x as long as high and 1.1x as wide as high. Pronotum entire (Figs 9,
12, 15), in dorsal view clearly visible, medially about 0.3x as long as mesoscutum; col-
lar almost horizontal, with a shallow median longitudinal impression and prominent
angular shoulders; neck shorter than collar, posteriorly strongly sloping up to collar; in
lateral view, pronotum rectangular, slightly overlapping anterior margin of mesoscu-
tum, with lateral surface merging smoothly into dorsal surface, with a shallow, oblique
impression for femur. Spiracle (Figs 17, 18) apparently slightly stalked, at posterolat-
eral angle of pronotum in a slight depression and facing dorsolaterally. Propleura near
anterior apex not quite abutting, then gap widening slightly more anteriorly. Proster-
num rhomboidal, incompletely divided medially by faint longitudinal groove poster-
iorly. Mesoscutum about 1.7x as long as scutellum, in dorsal view with shallow, thin,
slightly diverging notauli apparently absent posteriorly (Figs 9, 15, 16), in lateral view
mesoscutum (Fig. 4) almost flat except anteriorly. Scutellum slightly wider than long;
anterior scutellum about 3x as long as narrowly trapezoidal, transverse frenum and
separated from it by a shallow, curved frenal depression (Figs 9, 16); campaniform
sensilla small, slightly closer to lateral margins of anterior scutellum than to each other,
with apex of large, cone-shaped fenestra projecting anteriorly between them (Fig. 9).
Axilla slightly advanced, the transscutal articulation laterally forming an obtuse an-
gle with median section (Fig. 16); axillula long and narrow, separated from anterior
scutellum by posteriorly recurved axillular groove; mesophragma widely convex pos-
teriorly, extending to posterior apex of propodeum. Prepectus probably spindle-shaped
(Fig. 17, partly hidden by fore leg); mesopleuron somewhat rectangular, with shallow
depression separating mesepisternum from mesepimeron (Fig. 17). Metanotum with
distinct lens-shaped dorsellum (only visible Fig. 9, a cleared, slide mount) and lateral
panel length (toward hind wing articulation) about half length of dorsellum (Fig. 16).
Metapleuron triangular, with a narrow anterior extension almost to base of hind wing,
the margin at junction with mesopleuron deeply concave and posterior margin straight
and vertical. Propodeum with a complete longitudinal groove medially, in lateral view
weakly sloping, almost in same plane as dorsellum, in dorsal view with faint median
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longitudinal groove. Propodeal spiracle facing dorsolaterally in a slight depression and
separated from anterior margin of propodeum by about its own diameter. Wings. Fore
wing (Figs 4, 8, 19) wide, with completely transparent membrane sparsely scattered
with minute microtrichia. Venation complete; submarginal vein with 1 subbasal seta
and about 16 bullae, the most apical one at level of proximal macrochaeta (Fig. 8);
parastigma, 0.5x submarginal vein length; marginal vein present, its length (from distal
macrochaeta) about 2.0x length of parastigma; stigmal vein short but distinct, curving
away from wing margin (Fig. 20) then closely paralleling it, with 4 apical campaniform
sensilla (Fig. 21b); postmarginal vein present, about 0.8x as long and as thick as mar-
ginal vein, with 4 microchaetae along anterior margin; hypochaeta absent (Fig. 8) but
one similar to it originating on parastigma (Fig. 20a); proximal campaniform sensillum
near posterior margin of marginal vein just beyond apical macrochaeta (far removed
from the 4 campaniform sensilla on stigmal vein). Hind wing (Fig. 8) with membrane
not extending to base of wing, relatively wide medially, tapering gradually almost to
a point apically. Fore wing membrane with one irregular row of microtrichiae basally
and two or three distally. Legs. Profemur and metafemur narrow (Fig. 17), metafemur
widest, about 2x as wide as mesofemur. Tarsi 5-segmented. Calcar (moveable protibial
spur) apparently without setae along outer margin, and with the inner tine about 0.5x
as long as outer tine. Middle and hind legs with tarsomere 1 shorter than tarsomere
2. Metasoma. About 2.2x as long as wide, 2.3x as long as high and 0.9x as wide as
high; its length, excluding exserted part of ovipositor, about 2.0x that of mesosoma
(Fig. 4). Petiole ring-like, about 0.3x as long as wide. Gastral terga apparently with
fine longitudinal wrinkles except gt ; gt, shorter than remaining terga and apparently
gt, the longest tergum, gt apically acutely triangular. Cercus a distinctly raised, longer
than wide, peg-like plate, with 4 setae (Figs 22, 25). Gr, with spiracle minute (appar-
ently absent). Hypopygium extending posteriorly well beyond level of cercus (Figs 4,
23, 25). Ovipositor sheath exserted beyond gastral apex by about one third of its total
length and abruptly upturned apically, apparently without subapical seta (Figs 22, 24).

Male. Unknown.

Hosts and habitat. Hosts are unknown. The holotype was collected in forest
(Girault 1915).

Eustochomorpha haeckeli Girault
Figs 1-31

Eustochomorpha haeckeli Girault 1915: 156 (original description); Annecke and Doutt,
1961: 4, 14 (key, diagnosis); Dahms, 1984: 675 (holotype data); Lin et al., 2007:
33 (diagnosis in part, figs 129-131).

Type material. Holotype female (QMBA) on slide labelled as shown (Fig. 1). The
holotype (Fig. 2) is in uncleared in Canada balsam under 1 coverslip fragment be-
tween two other fragments and is poorly mounted more or less dorsoventrally with legs
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Figures 1-3. Eustochomorpha haeckeli, holotype female. | type slide, specimen under middle cover slip
2 body + legs 3 antenna. Scale bar = 100 pm.

mostly folded up against body; left antenna with clava missing; right antenna (Fig. 3)
detached beyond pedicel and positioned next to left (very faint) hind wing; other hind
wing detached and its membranous portion hidden under head; right fore wing folded
over and partly hidden by legs. Except for estimated body length, measurements of the
holotype are not given in the species description below (my measurements were inac-
curate when I borrowed the specimen).

Diagnosis. Female. Among extant genera, E. haeckeli is distinguished from the
first new genus described below, having a 2-segmented clava (3-segmented in the first
new genus), and the ovipositor strongly exserted posteriorly beyond apex of gaster and
not extending anteriorly under the mesosoma. It differs from the second new genus
described below by the postmarginal vein shorter than the marginal vein (postmar-
ginal vein longer than marginal vein in the second new genus), hypochaeta absent
(hypochaeta present in the second new genus), and it differs from Borneomymar by its
2-segmented clava (1-segmented in Borneomymar).
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Figures 4-7. Eustochomorpha haeckeli, female. 4 habitus (Australia, WA, Stirling Range National Park)
5 head, anterior; 6a head, posterior 6b tentorium 7 antenna. Scale bar for 4 = 500 pmy; 5-7 = 100 pm.



Eustochomorpha Girault Neotriadomerus, gen. n., and Proarescon gen. n.... 9

Figures 8-10. Eustochomorpha haeckeli, female. 8, wings 9 mesosoma, dorsal 10 metasoma, dorsal. Scale
bar = 200 pm.
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Figures | 1-18. Eustochomorpha haeckeli, female. 11 head + prothorax, lateral 12 head + prothorax, dorsal

I3 base of antenna, lateral (right antenna) and ventral (left antenna) 14 apex of antenna 15 mesosoma,
dorsal 16 mesosoma, posterolaterodorsal 17 mesosoma, lateral 18 base of wings + mesosoma, lateral
(medial portion). Scale bar for 11,12, 16 = 50 pm; 13, 14, 18 = 20 um; 15, 17 = 100 pm.
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distal
macrochaeta nroximal

ovipositor

24

Figures 19-24. Eustochomorpha haeckeli, female. 19 wings 20a parastigma, ventral 20b base of mar-
ginal vein, ventral 20c apex of marginal vein, stigma + postmarginal vein, ventral 21a parastigma,

dorsal 21b stigma, dorsal 22 gaster apex showing cerci, posterolaterodorsal 23 gaster apex showing
cerci, dorsal 24 gaster apex, posterolaterodorsal. Scale bar for 19 = 200 pm; 20a, 20b, 21b, 22-24 =
20 pm; 20c, 2la = 50 um.
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P lower valve

upper valve

ovipositor
sheath

Figures 25-31. Eustochomorpha haeckeli, female. 25 gaster apex, lateral 26 ovipositor apex, dorsal
27 ovipositor apex, ventral 28 ovipositor + sheaths, lateral 29 apex of ovipositor + sheaths, lateral 30 ovi-
positor + sheaths, dorsal 31 apex of sheaths (one sheath folded over on itself). Scale bar for 25 = 50 pum;
26,27 =5 um; 28,30 = 100 um; 29,31 = 20 pm.

Description. Female. Body length ~1280 (critical point dried specimen, Stirling
Range National Park). Colour. Body mainly brown (Fig. 4). Ocellar triangle, mesothor-
ax and fine longitudinal line laterally on gaster darker brown. Base of gaster, especially
basal sterna, legs except metacoxa and metafemur and apical tarsomere of all legs, flagel-
lum and mouthparts except mandibles, and a faint transverse band at level of anterior
ocelli lighter brown to white. Head. Width 202. Face with weak reticulate sculpture me-
dially, stronger laterally (Fig. 5), with setae distributed as follows: 3 medial to torulus and
8 ventral to torulus, the 2 submedially above mouth margin the shortest. Vertex smooth
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anterior to mid ocellus and reticulate posterior to mid ocellus (Fig. 5), with 2 setae on
anterior orbit lateral to transverse trabecula and 2 setae on dorsal orbit, in angle between
eye and posterior section of supraorbital trabecula; ocellar triangle with 2 short setae
lateral to mid ocellus and 1 short setae just posteromedial to lateral ocellus. Malar area
apparently with 3 setae. Gena and occiput laterally longitudinally reticulate (Fig. 6a),
the reticulations on occiput shallower and transverse medially; occiput with 2 short setae
submedially above occipital foramen, about 9 setae sublaterally and laterally; tentorium
with two very short dorsal arms (Fig. 6b). Antenna. Fl —l, respectively with 0, 1, 2, 2, 2,
3, 3, 3 mps; clava 1 with 3 (4?) mps on first segment and 5 (6?) mps on second segment
(Figs 3, 7). Length/width measurements (n=1): scape 70/27, pedicel 55/26, fl, 33/18, fl,
32120, fl, 39/25, fl, 40/25, i, 44/25, fl, 42/25, fl, 42/24, fl, 42/26, clava 112/31 (first
segment 42, second segment 69). Mesosoma. Width 200 and length 415. Pronotum
with reticulate sculpture, with 3 short setae along posterior margin and 3 towards anter-
ior margin. Propleuron faintly, longitudinally reticulate, with 2 seta about midway be-
tween anterior and posterior apices. Prosternum smooth, with 1 seta submedially almost
at anterior margin and 1 setae laterally midway between anterior and posterior margins.
Mesoscutum faintly longitudinally reticulate, with 1 setae along inner margin midway
between anterior and posterior apices of notaulus, and 1 setae at lateral angle of side lobe.
Anterior scutellum smooth, with 1 setae on lateral margins level with campaniform sen-
sillum; frenum faintly reticulate. Axilla reticulate, and with 1 seta at anteromedian angle
and 1 dorsally on longitudinally reticulate lateral panel; axillula smooth. Metanotum
smooth medially, faintly reticulate laterally, with 2 short setae along anterior margin of
relatively wide lateral panel. Propodeum smooth, with 2 propodeal setae close together.
Wings. Fore wing length (n=1) 723, width 259, length/width 2.98, longest marginal
setae 72. Marginal vein with about 11 microchaetae along its length; cubital line with
few setae extending to level of distal apex of retinaculum. Hind wing length 685, width
57, longest marginal setac 68. Legs. Femora and tibiae of all legs with faint longitudinal
reticulation. Protibia at mid length with 2 short pegs. Metasoma. Petiole 54 wide, 18
long. Gaster 212 wide, 597 long (to apex of apical tergum), with a few short setaec on
most terga, the terga difficult to distinguish from one another (anterior and posterior
margins not distinct) and apparently with fine longitudinal wrinkles at least laterally; gt,
shorter than remaining terga, apparently with 1 lateral setae, gt, and gt, apparently with
1 submedian seta; gt, — gt with about 4 submedian to sublateral setae in an irregular
transverse row; gt, acutely triangular, with a small apical seta. Cercus with the first two
cerci subequal in length, the third the longest and the fourth the shortest (Fig. 25). Hy-
popygium weakly sclerotized (almost transparent) dorsally and extending beyond gastral
apex by =180, with a submedian and lateral row of about 8 setae. Ovipositor length
1074, its exserted part (posterior to hypopygium apex) 360.

Male. Unknown.

Material examined. Two females, collected in Malaise traps in combination with
yellow pan traps underneath. AUSTRALIA. Western Australia: Yanchep National
Park, 20-21.xii.1986, ].S. Noyes (19 on slide, CNC); Stirling Range National Park,
11-15.i.1987, J.S. Noyes (19 on point, BMNH).
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Neotriadomerus Huber, gen. n.

http://zoobank.org/5488307C-D58F-4E00-8DC9-C2ACB542A103
Figs 32-152

Eustochomorpha: Lin et al., 2007: 33 (diagnosis in part, figs 132-134).

Type species. Neotriadomerus longiovipositor Huber, by present designation.

Diagnosis. Female. Antenna with funicle 8-segmented and clava 3-segmented
(Figs 39, 69). Venation about 0.85-0.90x fore wing length. Postmarginal vein distinct,
uniformly thick and about 1.3—1.6x marginal vein length (Figs 70, 122). Hypochaeta
present or, apparently, sometimes absent. Ovipositor strongly extending anteriorly un-
der mesosoma (Figs 59, 74) at least to level of hind wing base but not or only slightly
extending posteriorly beyond apex of gaster (Figs 75, 77). Male. Similar to female, but
flagellum with 11 relatively wide segments (Figs 40—43, 82, 95), each with several mps;
the segments progressively becoming narrower towards flagellar apex, fl | sometimes
only a little over half as wide as fl . Genitalia encapsulated, with thick walls (Figs 124,
143) and, in lateral view, paramere thick (Figs 65, 66).

Description. Female. Body 1380-5500 in length, excluding basal sac of gaster
(enclosing anterior extension of ovipositor). Colour. Generally brown (Figs 81, 128,
144, 146, 147) to dark brown, scape and pedicel, legs in part and sometimes basal sac
of gaster lighter brown to yellowish. Wings hyaline, the venation light brown. Head.
Head about 2.0-2.9x as wide as long, about 1.2-1.6x as wide as high and about 1.3
2.3x as high as long; in lateral view with anterior surface almost flat, at most barely re-
ceding ventral to eye, slightly depressed medially compared to laterally at preorbital
groove; posterior surface in lateral view slightly convex except slightly indented at pos-
torbital groove (Figs 33, 45). Face about 1.2-1.3x as wide as high (Fig. 32), in lateral
view almost flat, barely receding from ventral margin of eye to mouth opening; suban-
tennal grooves absent; preorbital groove ventral to level of torulus straight all the way to
lateral margin of mouth opening. Torulus in somewhat circular depression about 1.2x
as high as torulus width and separated by less than 0.4x torulus width from transverse
trabecula (Fig. 33). Vertex in lateral view usually almost in same plane as face, but
sometimes almost horizontal and forming a right angle with face, and vertex posteri-
orly forming an almost right angle with occiput and separated from it laterally by a
short transverse vertexal suture extending to or just medial to posterior ocellus but ab-
sent between posterior ocelli (Fig. 33). Ocellar triangle almost flat or raised slightly
above level of rest of vertex, the mid ocellus oblique to almost vertical, lateral ocelli
oblique, facing laterally or posterolaterally; ocelli with POL about 2.0x LOL and about
1.7-1.8x OOL (varying slightly with species); ocellar area (in cleared slide mounts)
with frontofacial suture (seen as white lines) between mid and lateral ocellus, frontal
suture (seen as white lines) from mid ocellus to corner of transverse trabecula, and
sometimes also a median longitudinal line from mid ocellus to middle of transverse
trabecula (Fig. 116). Transverse trabecula apparently separated (Fig. 67) or not (Figs 36,
37) from supraorbital trabecula; preorbital trabecula short, extending to about level of
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Figures 32-37. Neotriadomerus spp. 32 N. gloriosus female head, anterior 33 N. darlingi male head +
pronotum, dorsal 34 N. gloriosus lower face + mouthparts, anterior 35 N. gloriosus maxillae + labium,
anterior 36 V. longissimus head, scape and mandibles, dorsoanterolateral 37 V. longissimus radicle, ante-
rolateral (and showing 3-way junction of transverse, supraorbital and preorbital trabeculae). Scale bar for

32,33,36 = 100 um; 34 = 50 pum; 35,37 = 20 pm.

dorsal margin of torulus; supraorbital trabecula in 2 equal or unequal sections, the an-
terior sections diverging posteriorly, the posterior, sometimes longer, sections slightly
converging, and the sutures outside posterior sections continuing onto occiput as short,
almost parallel lines, the occipital grooves, ventrally to level of foramen, thus separating
occiput medially from temple laterally (Fig. 68). Eye large with numerous small facets,
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in lateral view at most about 1.4x as high as wide and clearly but narrowly separated
dorsally from back of head (temple in lateral view at most about 0.25x eye width).
Ocular apodeme short, straight, and thin (Fig. 119, inset). Malar sulcus absent. Gena
at level of ventral margin of eye at most as wide as length of malar space. Head posteri-
orly with curved postorbital groove extending across head above dorsal margin of oc-
cipital foramen to posterior margin of eye (Fig. 68) and separating occiput/temple
dorsally from gena/postgena ventrally. Mouthparts. Labrum with 4 or 6 setae; mandi-
ble with 4 uneven teeth, the ventral one the longest (Fig. 34). Antenna. Scape about
3.0-3.9x as long as wide, with radicle distinct from rest of scape and about 0.24—0.29x
total scape length; pedicel about 1.1-1.6x as long as wide, 0.72-1.09x as wide and
about 0.36-0.42x as long as entire scape; funicle 8-segmented (Fig. 69); clava 3-seg-
mented (Fig. 39), 1.07-1.22x as wide as apical funicle segment and 0.18-0.23x as long
as entire funicle. Mesosoma. About 1.8-2.4x as long as wide, 2.4—2.8x as long as high
and 1.0-1.3x as wide as high (card- or point-mounted specimens, air- or critical-point
dried). Pronotum entire, in dorsal view clearly visible, medially about 0.3—0.6x as long
as mesoscutum; collar almost horizontal, medially flat to slightly convex and without
evident shoulders (Fig. 44); neck not or barely differentiated from collar; in lateral view,
pronotum with lateral surface merging smoothly into dorsal surface, with a shallow,
oblique ventroanterior impression margined by an oblique groove posteriorly for recep-
tion of femur (when fore leg folded against body). Spiracle (Fig. 46) very slightly stalked,
at posterolateral angle of pronotum in a slight depression and facing posterodorsally.
Propleura near anterior apex not quite abutting then widening more anteriorly towards
the cervical sclerites (Fig. 141). Prosternum rhomboidal, almost completely divided
medially by longitudinal groove (Fig. 141). Mesoscutum about 1.1-1.6x as long as
scutellum, in dorsal view with narrow, distinctly diverging notauli (Fig. 44) appearing
in slide mounts wider and shallower near transscutal articulation (Fig. 72), in lateral
view almost flat except anteriorly (Figs 45, 81). Scutellum slightly longer than wide (at
widest point on frenum), the anterior scutellum narrower and slightly shorter to slight-
ly longer than transversely biconvex frenum and separated from it by an evenly curved
frenal line; campaniform sensilla as far apart from each other as to lateral margin of
anterior scutellum and slightly farther apart than their distance to transcutal articula-
tion, with apex of cone-shaped fenestra not extending to level of campaniform sensilla.
Acxilla slightly advanced, the transscutal articulation laterally almost in line with median
section, and about as wide anteriorly as width of anterior scutellum at transcutal articu-
lation; axillar pit separated from anterior scutellum by curved axillular groove; meso-
phragma convex posteriorly, extending to posterior apex of propodeum (Fig. 72, faint-
ly visible under propodeum). Prepectus rather rectangular, at widest point about 0.8x
as wide as long. Mesopleuron somewhat spindle shaped, with shallow oblique depres-
sion separating mesepisternum from mesepimeron and almost straight groove extend-
ing from anterior margin to mesocoxal insertion (Fig. 92). Metanotum with distinct
biconvex (slide mount, Fig. 87) or somewhat triangular (SEM, Figs 44, 48) dorsellum
and lateral panel length at hind wing articulation about one-third to half length of
dorsellum. Metapleuron quadrangular, with almost straight sides (Figs 56, 123). Propo-
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Figures 38-43. Neotriadomerus spp. 38 N. longissimus female scape—base of fl, lateral 39 V. sp. female
fl, + clava, lateral 40 N. darlingi male apex of pedicel-base of fl,, lateral 41 N. darlingi male i, Al ,
lateral 42 N. darlingi male fl |, lateral 43 N. darlingi male apex of fl , lateral. Scale bar for 38 = 100 pm;
39,41 =50 um; 40,42, 43 = 20 pm.

1’

deum in lateral view weakly sloping, almost in same plane as dorsellum and in dorsal
view flat medially, without median or submedian grooves or other ornamentation (Figs
44, 46, 56, 72). Propodeal spiracle facing dorsolaterally, separated from anterior margin
of propodeum by much less than half its own diameter. Wings. Fore wing (Fig. 113)
about 2.6-3.7x as long as wide, evenly and densely covered with microtrichia from
wing apex proximally to at most about level of distal macrochaeta but almost without
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Figures 44-49. Neotriadomerus spp. 44 N. darlingi mesosoma, dorsal 45 V. sp. mesosoma, dorsolateral

(arrows indicate pores) 46 NN. sp. base of left wings (ventral) and surrounding mesosoma, dorsolateral
47 N. darlingi fore wing base, dorsal 48 N. longissimus fore wing base, ventral 49 N. sp., hind wing at-
tachment to fore wing, ventral. Scale bar for 44, 45,48 = 100 um; 46, 47,49 = 50 pm.

microtrichia behind submarginal vein (Figs 48, 113) and parastigma (Figs 50, 51) and
just behind much or all of marginal vein (Fig. 70); an oblique and usually distinct setal
line extending more or less horizontally from apical margin of wing to about halfway
towards base of marginal vein; cubital line ending proximally either at about same level
as remaining mictrotrichiae or extending to base of parastigma; marginal setae short,
the longest not more than about 0.13x wing width (Fig. 70). Venation complete (Fig.
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Figures 50-55. Neotriadomerus spp. 50 N. darlingi male parastigma, dorsal 51 N. longissimus female
parastigma, ventral 52 N. darlingi male stigmal vein, dorsal 53 N. longissimus female calcar, lateral 54 V.
sp. female calcar, dorsolateral 55 V. sp. female pretarsus, dorsolateral. Scale bar for 50,53, 54 = 50 pum;
51 =100 pm; 52,55 = 20 pm.

122); submarginal vein with 1 proximal seta; parastigma (from distal macrochaeta to
base) about 0.5-0.7x submarginal vein length; marginal vein length (from distal mac-
rochaeta to junction of stigmal and postmarginal veins) about 1.2—1.5x parastigma
length; stigmal vein short but distinct, about 0.15-0.17x marginal vein length, curving
away from wing margin then closely paralleling it (Fig. 122), with 4 apical campani-
form sensilla (Fig. 52); postmarginal vein about 1.3-1.6x as long and as thick as mar-
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ginal vein, with a few microchaetae along anterior margin; hypochaeta usually present,
occasionally apparently absent (broken off?), much closer to proximal than distal mac-
rochaeta; proximal campaniform sensillum near posterior margin of marginal vein just
apical to distal macrochaeta. Hind wing with membrane not extending to base of wing,
relatively wide medially, with a rounded apex, uniformly covered with microtrichia al-
most to base of membrane (Figs 49, 70). Legs. Profemur and mesofemur narrow;
metafemur widest, about 1.4x as wide as mesofemur (Figs 77, 92). Tarsi 5-segmented.
Calcar (moveable protibial spur) with setae along outer margin, and with inner tine
about 0.4x as long as outer tine (Figs 53, 54). Pretarsus normal (Fig. 55). Mid and hind
legs with tarsomere 1 at least as long as tarsomeres 2 + 3. Metasoma. Petiole usually
ring-like, about 0.4-0.5x as long as wide (Fig. 72) but in one (the largest) species 0.7—
1.0x as long as wide. Gaster 1.18-3.25x as long as mesosoma. Gaster with gt, and gt,
usually slightly the longest terga (Figs 56, 73, 89, 92). Cercus distinctly raied as a thin
flap above surface of gt, (Fig. 62) with 4 setae about equal in length (Fig. 65). Hy-
popygium distinct (Fig 56), extending about 0.3-0.6x length of gaster, sometimes as
far as level of spiracle. Ovipositor sheath barely projecting posteriorly beyond apex of
gaster but strongly projecting anteriorly (inside basal sac of gaster) from at least middle
of mesosoma (Fig. 74) to well in front of head (Fig. 126), apparently with 1 subapical
seta. Body sculpture and setation. Sculpture generally uniform and so faint that body
often appearing almost smooth and shiny (Figs 81, 82, 126-129, 144-147). Head with
engraved, slightly transverse (longitudinal on gena and postgena) or almost isodiamet-
ric reticulations becoming raised and slightly imbricate ventrally on face and on occiput
(Figs 32—-34). Mesosoma with faint isodiametric to elongate reticulations either trans-
verse, mainly on pronotum, or longitudinal, mainly on scutellum. Metasoma appar-
ently without sculpture (Figs 56—62) except anterior apex of basal sac of gaster in at
least one species. Head with few to numerous setae on face ventral to toruli, and on
gena (Figs 32-34) but one (Fig. 36) or two (Fig. 32) just medial to torulus. Vertex with
2 setae, 1 between mid and lateral ocelli and 1 more laterally. Eye orbit with 3 setae
dorsoanteriorly and 3 dorsally and posterodorsally. Occiput with 1 submedial seta dor-
sally and, more ventrally, 1 seta sublaterally and 1 seta submedially. Gena/postgena with
several setae. Pronotum with about 3 setae along posterior margin and about 5 shorter
setae anteriorly. Propleuron with a few small scattered setae (Figs 44, 116). Prosternum
(Fig. 141) with 1-3 setae mainly in anterior half. Mesosoma with a few short setae (not
treated here) around insertions of wings and some longer setae as follows. Mesoscutum
with 1 adnotaular seta in posterior half of midlobe, 1 anteromedial and 1 posterolateral
seta on lateral lobe and a few small pits (Figs 44—46). Anterior scutellum with 1 seta at
lateral margin just anterior to axillular groove (represented by a curved medial edge at
junction with frenum). Axilla with 1 anteromedial seta and 1 lateral seta. Propodeum
with 2 or, occasionally, 3 propodeal setae laterally behind spiracle. Petiole apparently
with 1 minute seta ventrally on anterior margin. Gaster with setae on terga increasing
in number from gt, to gt, but apparently none on sterna except 1 or 2 short ones later-
ally on basal sac of gaster and longer ones on hypopygium (Fig. 56). Gt, with about 3
lateral and 1 dorsal in 1 row; gt, and gt with a few more lateral and dorsal in 1 row;
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Figures 56-60. Neotriadomerus spp. 56 N. sp. metasoma, lateral 57 V. sp. metasoma, ventral 58 V. sp.
apex of metasoma, ventral 59 /V. sp. mesosoma and ovipositor sac, ventral 60 . sp. apex of ovipositor

sac, lateral. Scale bar for 56,57,59 = 200 pm; 58,60 = 50 pm.

gt,—gt, with even more in 2 or more irregular rows, those around spiracle often shorter;
gt, with about 10 setae in one row. Hypopygium with about 4 ventral setae. Cerci with
4 fairly long curved setae.
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Figures 61-66. Neotriadomerus spp. 61 N. sp. apex of gaster, lateral 62 . sp. gt + ovipositor apex,
lateral 63 V. longissimus ovipositor sac, lateral 64 V. sp. male ovipositor apex, lateral 65 V. darlingi apex
of gaster, posterolateral 66 N. powerae male genitalia, lateral. Scale bar for 61 = 100 um; 62 = 50 pum;
63 =200 um; 64-66 = 20 pm.

Male. Similar to female. Body 1280-2560 in length (males still unknown for the
largest species). Flagellum with 11 relatively wide segments (Figs 40-43, 95). Gaster
(card- or point mounted specimens) narrower than mesosoma, laterally compressed,
with posterior apex in dorsal view wider and in lateral view usually higher than anterior
apex (at petiole). Sculpture and setation of male similar to female but with fewer setae
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on gt,. Genitalia encapsulated, with thick walls; aedeagal apodemes evenly curved an-
teriorly towards each other, and shorter than aedeagus; paramere shorter than aedeagus
and high in lateral view, with 3 or 4 short apical and ventral setae.

Etymology. The name is masculine. The prefix Veo is Greek for new or recent,
young, + Triadomerus, apparently the closest related genus.

Distribution. Neotriadomerus species occur only in Australia where seven are de-
scribed (below) and as many as four others are illustrated (Figs 144—152) but not
named. No fossil species are known.

Hosts and habitat. Hosts are unknown. The estimated ovipositor length, when
fully extended, is about 12 mm for the largest species of Neotriadomerus. This suggests
that its host might be eggs of Orthoptera laid quite deeply inside plant tissue or in soil.
Perhaps only Orthoptera, but possibly Coleoptera or Cicadidae, would have eggs long
enough to host a developing female parasitoid (5.9 mm long) of this species. Specimens
of Neotriadomerus have been collected in a variety of habitats in all Australian states
except Victoria and Tasmania. Some specimens have been collected at light, suggesting
they may be active at night. Noyes and Valentine (1989: 28, and figs 49, 50) discussed
Australomymar Giraul, illustrated two of the largest species, and suggested that eggs of
Orthoptera or Cicadidae might be their hosts. Several specimens (NZAC, UCRC) of
the species shown in Noyes and Valentine fig. 50, are ~55 mm long excluding the pos-
teriorly exserted section of the ovipositor and the longest one is 6.9 mm (NZAC) (S.
Triapitsyn, D. Ward, personal communication). A much smaller, undescribed speci-
men (CNC) of Australomymar, was reared from an unidentified taxon of Tettigoniidae
from Pinus radiata D. Don (Pinaceae) in Chile. I suggest here that Orthoptera might
also be the hosts of Neotriadomerus.

Key to species of Neotriadomerus. Females.

1 Body 5000 long; ovipositor at least 5900 long, extending anteriorly un-
der mesosoma to well beyond level of head (Fig. 126); mandible massive
(Fig. 30) e N. longissimus sp. n.

- Body at most about 2600 long; ovipositor at most 2240 long, extending
under mesosoma at most to level of head (Figs 114, 115); mandible much
smaller (Figs 32, 33, 07) wc.ooviiiiiiiiiiiiiiiiiicc 2
2(1) Fore wing with cubital line of setae extending proximally to base of parastig-
ma, i.e., clearly proximal to other microtrichia on wing surface (Figs 70, 79,
|05 2 5 17 PR 3
- Fore wing with cubital line of setae extending proximally only to apex of par-
astigma, about level with other microtrichia on wing surface (Figs 86, 113)....9

3(2) FI with 2 mps; fl, with about 4 (5?) mps (Fig 69)............. N. burwelli sp. n.
- FI, with at least 4 mps; fl, with at least 6 mps (Figs 78, 102, 131)............... 4
(3) FI, with 2 barely overlapping whorls of mps (Figs 144, 147) .......ccceoceuinenes 5
- FL, with 1 whorl of mps (Fig. 102) ......cccoeiiiiiiiiiiiiiiieicee 6
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Fl, length/width 2.6 (Fig. 144) ....cocovovuiiiiiiiiicic, N.sp. 1
Fl, length/width 2.2 (Fig. 147) w.coovueviiiiiiicic, N.sp.3
Fl1 about 0.7x as long as ﬂ2 (Fig. 102); remaining funicle segments longer and
narrower, with fl, and fl, respectively, 2.5x and 2.0x as long as wide.............
........................................................................................ N. gloriosus sp. n.
Fl1 at least 0.9x as long as H2 (Figs 78, 131); remaining funicle segments
shorter and wider, with fl, and fl,, respectively, at most 2.1x and 1.9x as long

AS WIEC ..ot 7
FL—fl each slightly more than 2.0 x as long as wide; clava about 3.2x as long
AS WIAE vttt N. powerae sp. n.
Flz—ﬂ7 each at most 1.6x as long as wide; clava about 2.6x as long as wide
(FIg. 78) it 8
FL—fl, each about 1.6x as long as wide .......ccovvrivriirinninnnen. N. crassus sp. n.
FIL—fl, each almost quadrate .........ccoeuvviriininiiiniiniii, N.sp. 2

Ovipositor extending anteriorly under mesosoma to level of head (Figs 114,
115), at least . about 3.6x as long as metatibia; funicle with at least 9 mps on
each segment (Fig. 112) ..c.ccovvvveiiriiiininiiccines N. longiovipositor sp. n.
Ovipositor extending anteriorly under mesosoma to level of apex of procoxa
(Fig. 92), at most about 2.8x as long as metatibia; funicle with 6 mps on each
segment (Fig. 85) ....cccoviiiiiiiiiiiiiiice, N. darlingi sp. n.

Key to species of Neotriadomerus. Males.

Males of darlingi, longiovipositor and powerae are known and almost certainly correctly
associated with the corresponding females; males are unknown for N. burwelli, N.
crassus, N. gloriosus and N. longissimus. Two unnamed males are also keyed; one (sp. 4)
is not definitely associated with a female and the other (sp. 1) is definitely associated
with a female.

2(1)
30

;(1)

Fore wing with cubital line of setae extending at least to base of parastigma,
clearly proximal to other microtrichia on wing surface (Fig. 139) ............... 2
Fore wing with cubital line of setae extending at most to apex of parastigma
(level with distal macrochaeta), about level with other microtrichia on wing

surface (Fig. 95) ...ooviiviiieiiiiieccc e 4
Fl, wider, its length/width about 1.8 (Fig. 150).......... Neotriadomerus sp. 4
Fl, narrower, its length/width at least 2.0 (Fig. 138).....ccccooeviiuiiiiiiiniiinnans 3
FI, about 2.0 cueviiiiiiiii N. powerae sp. n.
FL about 3.5 ..uiiiiiiii s N.sp. 1
Flagellomeres each with 2 barely overlapping whorls of shorter mps
(Fig. 121) i N. longiovipositor sp. n.

Flagellomeres each with 1 whotl of longer mps (Fig. 95)..... N. 2darlingi sp. n.
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Neotriadomerus burwelli Huber, sp. n.

http://zoobank.org/B09A3418-3623-42B6-B88F-62C9729617E3
Figs 6775

Type material. Holotype female (QMBA) on slide (Fig. 71) labelled: 1.“Mahogany
forest, 1200m Mt Moffatt Nat. Pk, C. Qld 24°56'S, 148°04'E 24-26 Feb 1996 C.].
Burwell mv lamp”. 2. “Holotype Neotriadomerus burwelli Huber $”.

Diagnosis. Neotriadomerus burwelli differs from the other small (body length less
than 2600) species of Neotriadomerus, as follows: fore wing with cubital line extending
proximally to base of parastigma (Fig. 70); fl, with 2 mps, fl, with 4 mps and almost
2x as long as fl, and fl,fl, each at least 2.0x as long as wide and with at most 6 long
mps in 1 whorl (Fig.69); ovipositor 2.7x as long as metatibia and extending anteriorly
under mesosoma as far as apex of procoxa (Fig. 74).

Description. Female. Body length ~ 1590 (holotype). Colour. Holotype body
almost uniformly dark brown; legs brown, with trochantelli, base and apex of femora
and entire protibia, base and apex of meso- and metatibiae, and tarsi except tar-
somere 5 paler, almost white; tarsomere 5 brown. Head. Head width 305 (Figs 67,
68). Antenna. Fl1 about 0.5 as long as ﬂz, with 2 mps; ﬂ2 the longest funicle segment,
with 4 mps; il with 4-6 mps; fl, with 72 mps. Clava with about 12 mps, 5 on
first, 2 on second and 5 on third segment (Fig. 69). Antennal measurements (n=1),
length/width (ratio of flagellar segments): scape 119/20 (3.91), pedicel 50/31 (1.62),
fl, 63/27 (2.32), fl, 82/29 (2.82/3.10 [left and right antenna different]), fl, 77/28
(2.80), fl, 73/30 (2.46), fl, 79/28 (2.79/2.36 [left and right antenna different]), fl;
70/30 (2.38), fl, 70/31 (2.27), fl, 69/34 (2.00); entire clava 118/41 (2.89), with
segments 1-3 length [measured along dorsal margin] 44, 21, and 54. Mesosoma.
Width 250, length 514. Wings. Fore wing length 1074, width 386, length/width
2.78, longest marginal setae 60; cubital line extending to just proximal to base of
parastigma (Fig. 70). Hind wing length 862, width 118, longest marginal setae ~
66. Legs. Protibia with 5 short pegs along its length and a transverse row of 4 abut-
ting pegs apically (as in Fig. 53). Metasoma. Metasoma in dorsal view 300 at widest
point, gradually widening from petiole to about 0.6 of gaster length towards apex,
then more abruptly narrowing to cerci (Fig. 73). Gaster length 745, about 1.45x
as long as mesosoma; gr,—gt, lengths about 220: 105: 100: 100; 130: 98 (Fig. 73);
hypopygium (apex difficult to see) extending about 0.7x length of gaster. Ovipositor
sheath length 1041, 2.64x metatibia length (394) and extending anteriorly to just
anterior apex of procoxae (Fig. 74) and posteriorly slightly beyond apex of gaster
(Figs 73, 75).

Male. Unknown.

Etymology. The species is named after Chris Burwell, curator of insects at the
Queensland Museum, who collected the only known specimen of this species.
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Figures 67, 68. Neorriadomerus burwelli, holotype. 67 head, anterior 68 head, posterior. Scale bar =
100 pm.
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Figures 69-71. Neotriadomerus burwelli, holotype. 69a right antenna, medial 69b same antenna, lateral
(as seen through antenna) 70 wings 71 holotype slide. Scale bar = 300 pm.
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petiole

Figures 72, 73. Neotriadomerus burwelli, holotype. 72 mesosoma, dorsal 73 metasoma, dorsal. Scale
bar = 300 pm.

Neotriadomerus crassus Huber, sp. n.

http://zoobank.org/DC4DB59A-207D-4DBD-9234-C944B9FD71AA
Figs 76-80

Type material. Holotype female (ANIC) on slide (Fig. 80) labelled: 1. “Black Mountain,
ACT 28-29 Mar. 1968 light trap”. 2. “Neotriadomerus crassus ¢ lateral holotype”.

Diagnosis. Neotriadomerus crassus differs from the other small (body length less
than 2600) species of Neotriadomerus as follows: fore wing with cubital line extending
proximally to about base of parastigma (Fig. 79); fl -l relatively short, each at most
1.65x as long as wide and with at least 8 mps (Fig. 78).
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Figures 74, 75. Neotriadomerus burwelli, holotype. 74 mesosoma, ventral 75 metasoma, ventral (seen

through body). Scale bar = 300 pm.

Description. Female. Body length ~ 1685 (holotype). Colour. Body almost uni-
formly dark brown; legs brown, with trochantelli, base and apex of femora and entire
protibia, base and apex of meso- and metatibiae, and tarsi except tarsomere 5 of all
legs and metatarsomere 1 paler, almost white; tarsomere 5 brown and metatarsomere 1
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Figures 76, 77. Neotriadomerus crassus, holotype. 76 head + anterior of mesosoma, dorsolateral 77 meso-

soma + metasoma (ovipositor broken off near base of hypopygium), dorsolateral. Scale bar for 76 = 200 pm;
77 =500 pm.
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Figures 78-80. Neotriadomerus crassus, holotype. 78 antenna 79 wings 80 type slide. Scale bar = 500 um.

light brown. Head. Width not measurable (Fig. 76). Antenna. Fl slightly longer than
fl,, apparently with 8 mps; fl fl, with 8 mps (possibly 9 or 10 on fl, and fl)); clava
with about 22 mps, 8 on first, 6 on second and 8 on third segment (Fig. 78). Antennal
measurements (n=1), length/width (ratio of flagellar segments): scape 145/47 (3.10),
pedicel 58/42 (1.37), fl, 86/56 (1.53), fl, 84/52 (1.60), fl, 82/50 (1.63), fl, 81/50
(1.63), fl, 86/53 (1.62), fl, 82/51 (1.59), i, 78/50 (1.57), fl, 76/48 (1.58); entire clava
143/55 (2.59), with segments 1-3 length [measured along dorsal margin], 46, 35, and
64. Mesosoma. Width not measurable, length 580. Wings. Fore wing length 1154,
width 397, length/width 2.91, longest marginal setae 46; cubital line extending to just
proximal to base of parastigma (Fig. 79). Hind wing length 942, width 130, longest
marginal setae 66. Legs. Protibia with 6 short, thick pegs along its length and trans-
verse row of 4 abutting pegs apically (as in Fig. 53). Metasoma. Metasoma (Fig. 77)
in lateral view 224 at highest point, gradually widening from petiole to about 0.6 of
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gaster length towards apex, then more abruptly narrowing to cerci. Gaster length 765,
about 1.63x as long as mesosoma; gt,—gt, lengths about =~ 156, ~ 94, 87, 112, 118,
152; hypopygium (Fig. 77, positioned at right angle to metasoma) extending about
0.7x length of gaster, extending to about halfway towards apex of tergum 5. Ovipositor
broken and partly missing, with estimated length (from basal loop to posterior apex
of sheath) ~ 864, about 2.11x metatibia length (410), extending anteriorly to about
level of apex of mesocoxae and extending posteriorly slightly beyond apex of gaster
(Fig. 77).

Male. Unknown.

Etymology. The species name, crassus, is Latin for thick or stout, referring to the
fairly short, thick funicle segments in females.

Neotriadomerus darlingi Huber, sp. n.
http://zoobank.org/12B05D86-1539-4CA9-B5F8-6895EA2E(952
Figs 33, 40-44, 47, 50, 52, 65, 81-99

Type material. Holotype female (ANIC) on slide (Fig. 84), labelled: 1. “Australia: Sth
Aust. 32 km N. Renmark, 263m 33°53'S, 140°43'E, 15.ii-15.iv.2000, DC Darling”.
2. “Bookmark Biosphere Rsv. Malaise trps (4) Amalia Dam xeric mallee scrub ROM
2000040”. 3. “Neotriadomerus darlingi Huber Holotype § dorsal”.

Paratypes. 3 females, 1 male. AUSTRALIA. South Australia: Same locality data
as holotype (1 Q and 14, ROM, CNC); 35 km N Renmark, 263m, 33°52'48"S;
140°43'30"E, 11-14.ii.2000, D.C. Darling, Bookmark Biosphere Reserve, Malaise
trap, Amalia Dam, mallee vegetation, ROM 2000030 (19, ANIC). Western Aus-
tralia: 85 km E. Southern Cross, Boorabbin National Park, 28.xii.1986, J.S. Noyes
(19, BMNH)

Two males with the following data questionably belong to this species so are not
labelled as paratypes. They were collected from South Australia, Brookfield Conservation
Park, 34.21°S, 139.29°E, 17 & 18.ii.1992, J. Cardale, A. Roach, light trap (28, ANIC)
and one is illustrated (Figs 93-99). Both sexes need to be collected together from Brook-
field Conservation Area to be more certain of their conspecificity with the holotype.

Diagnosis. Neotriadomerus darlingi differs from the other small (body length less
than 2600) species of Neotriadomerus as follows: fore wing with cubital line extending
proximally to about level of other microtrichia (Fig. 86); funicle segments with at most
6 mps (Fig. 85); ovipositor 2.57-2.74x as long as metatibia (Fig. 92).

Description. Female. Body length 1420-1560 (n=2, card-mounted paratypes).
Colour. Body (Fig. 81) almost uniformly dark brown; fore leg yellow except procoxa
brownish basally, ventral surface of profemur and tarsomere 5 brown; middle and hind
legs lighter brown with trochantelli, base and apex of femora and entire protibia, base
and apex of meso- and metatibiae, and tarsi except tarsomere 5 paler, almost white;
metafemur medially and tarsomere 5 brown; ovipositor sheath with lighter band sub-
apically (Figs 81, 88, 89). Head. Width ~ 320-346 (card-mounted) and 358 (slide
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Figure 81. Neotriadomerus darlingi, paratype female, habitus lateral (35 km N. Renmark, 263 m, 11-14.
i1.2000). Scale bar = 1000 pm.

mounted specimen from WA, Figs 90, 91). Antenna. Fl, slightly shorter than to almost
equal to fl,, with 5 mps (Fig. 85); fl,—fl, with 6 mps. Clava with 10 or 11 mps, 5 or
6 on first, 2 on second and 4 on third segment. Antennal measurements (n=2, first
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Figure 82. Neotriadomerus darlingi, paratype male, habitus dorsal (35 km N. Renmark, 263 m, 15.ii-15.
iv.2000). Scale bar = 1000 pm.

number is for the holotype, a slightly smaller specimen), length/width (ratio of flagel-
lar segments): scape 124—126/37—40 (3.37-2.51), pedicel 50-56/39—41 (1.29-1.306),
fl, 70-74/38-45 (1.85-1.65), fl, 80-75/34-40 (2.36-1.88), ﬂ3 77-76/34-38 (2.26—
1.97), i, 78-75/35-38 (2.24-1.96), fl, 79-76/33-38 (2.39-2.01), fl, 76-74/33-37
(2.28-2.20), ﬂ7 77-78134-39 (2.23-2.13), ﬂ8 76/34-40 (2.25-1.89); entire clava
141-142/39-42 (3.63-3.40), with segments 1-3 length [measured along dorsal mar-
gin], 48-50, 25, and 67-68. Mesosoma. Width 225 (holotype), length 628-656, with
2 propodeal setae (Fig. 87). Wings. Fore wing length 1045-1118, width 383-412,
length/width 2.71-2.73, longest marginal setae = 51-61; cubital line extending to just
proximal to base of parastigma (Fig. 86). Hind wing length ~ 870-890, width 121-
140, longest marginal setae ~ 58—62. Legs. Protibia with 4 or 5 short, thick pegs along
its length and a transverse row of 2 or 3 abutting pegs apically. Metasoma. Metasoma
in lateral view 255-360 at highest point, gradually widening from petiole to about
0.4-0.7 of gaster length towards apex, then more abruptly narrowing to cerci (Fig. 89).
Gaster length (holotype, second measurement) 776-858, 1.18—1.36x as long as meso-
soma; gt,—gt, lengths about = 162-170, ~ 136-144, 98-126, 113-177, 132-186,
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32 km N Renmark, 263m
phere Rsv.
(4) Amalia Dam
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15.)V.2000, DC Darling
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Figures 83-86. Neotriadomerus darlingi, holotype. 83 head, anterolateral 84 type slide 85 antenna
86 wings. Scale bar = 200 pm.
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basal sac
of gaster

<——— ovipositor

ovipositor
sheath

Figures 87-89. Neotriadomerus darlingi, holotype. 87 mesosoma, dorsal 88 metasoma, lateral, with
ovipositor unsheathed 89 metasoma enlarged, lateral. Scale bar for 87 = 200 pm; 88,89 = 500 um. Note:
88 and 89 are flipped horizontally (gaster apex pointing left in holotype slide).
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Figures 90-92. Neotriadomerus darlingi, paratype female (Boorabbin National Park). 90 head, anterior
91 head, posterior 92 mesosoma, legs and metasoma, lateral. Scale bar for 90,91 = 200 pm; 92 = 500 pum.
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Figures 93-96. Neotriadomerus *darlingi, paratype male (Brookfield Conservation Area). 93 head, anterior
94 head, posterior 95 antenna 96 wings. Scale bar for 93-95 = 200 um; 96 = 500 pm.



Eustochomorpha Girault Neotriadomerus, gen. n., and Proarescon gen. n.... 39

/

paramere

aedeagal
apodeme

Figures 97-99. Neotriadomerus ?darlingi, paratype male (Brookfield Conservation Area). 97 mesosoma,
dorsal 98 metasoma, dorsal (gt, broken off) 99 genitalia, dorsal. Scale bar for 97,98 = 300 pm; 99 = 100 pm.
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209-146, 53-58; hypopygium extending about 0.6x length of gaster, about to apex of
tergum 4. Ovipositor sheath length ~ 946-1050, about 2.57-2.74x metatibia length
(368-383), extending anteriorly to apex of procoxa (or anterior margin of frenum) and
extending posteriorly to a little beyond apex of gaster (Figs 88, 89, 92).

Male. Body length 1330 (point-mounted paratype) and 1230 (slide-mounted
specimen, Brookfield Conservation Area). Colour as for female but with legs almost
entirely brown (Fig. 82). Head. If correctly associated, as for female (Figs 93, 94). An-
tenna. Fl with about 13 mps and about 1.5x as wide as fl | with about 7 mps (Fig. 95);
total length of flagellum 475. Antennal measurements length/width (slide-mounted
specimen): scape 120/41 (2.90), pedicel 47/43 (1.09), I, 92/53 (1.75), fl, 105/48
(2.24), fl, 108/48 (2.24), l, 104/44 (2.38), i, 109/43 (2.54), i, 100/42 (2.41), i
98/41 (2.39), fl, 97/43 (2.24), fl, 96/41 (2.35), fl, 86/39 (2.22),fl,,92/35 (2.64); fl,
with about 11 mps. Mesosoma. Length 620, width 290 (Fig. 97). Wings. If correctly
associated, as for female (Fig. 96). Metasoma. Pedicel length/width 30/75 (Fig. 98).
Gaster length ~ 785. Genitalia with capsule thick-walled, aedeagal apodeme thick and
shorter than aedeagus; paramere thick and apically curved medially (Fig. 99).

Etymology. The species is named after Chris Darling, curator of Entomology at
the Royal Ontario Museum, Toronto, who collected the type series.

Neotriadomerus gloriosus Huber, sp. n.
http://zoobank.org/33067489-E0B9-488E-9AAD-591B903E3F00
Figs 32, 34, 35, 100-107

Type material. Holotype female (QMBA) on slide (Fig. 107), labelled: 1. “Mt. Glori-
ous, S.E. Qld. Hiller March 1982 Malaise trap”. 2. “Neotriadomerus gloriosus Huber
Q dorsal holotype”.

Diagnosis. Neotriadomerus gloriosus differs from the other small (body length less
than 2600) species of Neotriadomerus, as follows: fore wing with cubital line extending
to just proximal to base of parastigma (Fig. 103); fl,—fl; each art least 2.0x as long as
wide and with at most 6 long mps in 1 whorl (Fig. 102).

Description. Female. Body length ~ 1840 (holotype). Colour. Holotype body
almost uniformly dark brown; legs brown, with trochantelli, base and apex of femora
and entire protibia, and base and apex of meso- and metatibiae, and tarsi except tar-
somere 5 paler, almost white; tarsomere 5 brown. Head. Head width 374 (Figs 100,
101). Antenna. Fl1 about 0.7x as long as ﬂz, with 4 mps; ﬂ2 slightly the longest funicle
segment, with 8 mps; ﬂ3—fl8 with 8 (9? on ﬂs) mps; clava with about 18 mps, 8 on
first, 4 on second and 6 (8?) on third segment (Fig. 102). Antennal measurements
(n=1), length/width (ratios of flagellar segments, different for each antenna so left an-
tenna, except scape of right antenna, measured—the left antenna has narrower funicle
segments): scape 152/49 (3.10), pedicel 57/43 (1.32), ﬂ1 91/50 (1.84), ﬂ2 118/48
(2.47), i, 114/46 (2.48), i, 111/46 (2.43), fl; 105/46 (2.29), fl, 99/45 (2.21), fl,
99/47 (2.09), fl; 92/46 (1.98); entire clava 148/52 (2.82), with segments 1-3 length
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Figures 100-103. Neotriadomerus gloriosus, holotype. 100 head, anterior 101 head, posterior
102a right antenna 102b left antenna 103 wings. Scale bar for 100, 101 =200 pm; 102, 103 = 500 pm.
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Figures 104-107. Neotriadomerus gloriosus, holotype. 104 mesosoma, dorsal 105 metasoma, lateral
106 metasoma, median plane 107 type slide. Scale bar = 200 pm.

[measured along dorsal margin] 56, 28, and 64. Mesosoma. Width 324, length 711,
with 2 propodeal setae (Fig. 104). Wings. Fore wing length 1367, width 486, length/

width 2.81, longest marginal setae 77; cubital line extending to just proximal to base of
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parastigma (Fig. 103). Hind wing length 1109, width 157, longest marginal setae 78.
Legs. Protibia with 6 or 7 short, thick pegs along its length and a transverse row of 4
abutting pegs apically (as in Fig. 53). Metasoma. Metasoma height in lateral view 225
(excluding lowered hypopygium) (Figs 105, 106). Gaster length 1002, about 1.41x as
long as mesosoma; gt—gt, lengths about 170: 166: 151: 118: 130: 209 [measurement
of a tergum excludes the telescoped portion inside another (more anterior) tergum];
hypopygium extending posteriorly to about level of spiracle. Ovipositor sheath length
1274, ~ 2.54x metatibia length (= 502), extending anteriorly to about level of apex of
procoxa and extending posteriorly only slightly beyond apex of gaster (Fig. 105, 1006)
[apparently extending more than normal because ovipositor not at its normal resting
position, i.e., filling entire length of basal sac of gaster, whose almost membranous apex
is distinctly folded over (Fig. 105, arrow)].

Male. Unknown.

Etymology. The species is named after the type locality, Mt. Glorious National Park.

Neotriadomerus longiovipositor Huber, sp. n.
http://zoobank.org/ 1ICDB865F-9F10-446D-913D-C76B7E6501C2
Figs 108-125

Type material. Holotype female (ANIC) on slide (Fig. 111) labelled: 1. “15.17S
145.10E 5Km WbyN Rounded Hill nr Hope Vale Mission Q 7 Oct. 1980 J.C. Card-
ale ex ethanol”. 2. “Neotriadomerus longiovipositor Huber Holotype ¢ dorsal”.

Paratypes. 4 females, 4 males, 1 deformed male (gynandromorph?). AUS-
TRALIA. Queensland: Batavia Downs, 12.40°S; 142.39°E, 22.vi-23.viii.1992, P.
Zborowski & ]. Cardale, flight interception trap ( 184, ANIC); NW of Chillagoe near
historical mine site, 17°08'40"S; 144°30'16"E, 30.iii.1992, E.C. Dahms & G. Sarnes
(14, QMBA); 18.5 km W. Gordonvale, 13.xi.1979, E.C. Dahms, J.B. Woolley &
J. LaSalle, open forest (19, QDPC); Heathlands, 11.45°S; 142.35°E, 15-26.1.1992,
I. Naumann, T. Weir, at light (19, ANIC); Millstream Falls National Park, 17.41°S;
145.26°E, 24-25.v.1980, I.D. Naumann, J.C. Cardale (1 deformed &, ANIC); 5 km
W. by N. Rounded Hill near Hope Vale Mission, 15.17°S, 145.10°E; 7-10.v.1981,
I.D. Naumann (19, ANIC); 15.16°S; 144.59°E 14 km W. by N. Hope Vale Mis-
sion. 8-18.x.1980, J.C. Cardale, collected at light (18, ANIC); Ross River resevoir, 10
km S. Townsville, 19° 27'S; 146° 44'E, 27.xi.1991, C.J. Burwell (14, QMBA); near
Swamp Mitchell Plateau airfield, 14.47°S; 125.49°E, 18.v.1983, .D. Naumann, J.C.
Cardale (19, ANIC).

Diagnosis. Neotriadomerus longiovipositor differs from the other small (body
length less than 2600) species of Neotriadomerus, as follows: fore wing with cubital
line extending proximally to about level of other microtrichia (Fig. 113); ovipositor
extending anteriorly under mesosoma at least to level of head (Figs 114, 115); funicle
segments with mps in two widely overlapping whorls (Fig. 112). Male flagellomeres
with mps in two scarcely overlapping whorls (Fig 121).
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tentorium

Figures 108-111. Neotriadomerus longiovipositor, holotype. 108 head, anterior 109 mouthparts and
tentorium | 10 head, posterior 11l holotype slide. Scale bar = 200 pm.
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Figures |1 12-115. Neotriadomerus longiovipositor, holotype. 112 antenna |13 wings | 14 mesosoma +
metasoma, dorsal (inset shows fenestra of scutellum) 115 mesosoma + metasoma, ventral as seen dorsally

through body. Scale bar = 500 pum.
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. cercus

Figures 116-118. Neotriadomerus longiovipositor, female paratypes. 116 head + anterior of mesoso-
ma, dorsal (near Swamp Mitchell Plateau Airfield) 116 metasoma, lateral (18.5 km W. Gordonvale)
117 metasoma, median plane | 18 metasoma, lateral. Scale bar for 116 =200 pm; 117, 118 = 1000 pm.

Description. Female. Body length ~ 1700-2250 (n=6). Colour. Body (before
slide mounting one specimen) uniformly shiny black except mouthparts brown; an-
tenna dark brown but scape and pedicel ventrally slightly lighter; pro- and mesocoxa
dark brown except extreme apices yellowish, metacoxa dorsally almost black; the rest
of each leg yellowish except for femur ventrally of fore- and mid leg, entire femur ex-
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Figures 119, 120. Neotriadomerus longiovipositor, male paratype (14 km W. by N. Hope Vale Mission).
119 head, anterior (inset shows ocular apophysis or apodeme) 120 head, posterior. Scale bar = 200 pm.
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postmarginal vein

Figures 121, 122. Neotriadomerus longiovipositor. 121 male antenna, paratype (14 km W. by N. Hope
Vale Mission) 122 wings. Scale bar = 500 pum.

cept extremities of hind leg, and apical tarsomere of all legs brown. Head. Head width
344-412 (Figs 108, 110). Antenna. Fl slightly shorter than fl,, with 8 (92) mps; fl,
slightly the longest funicle segment, with 9—12 mps; ﬂ3—ﬂ8 with 9-12 (13?) mps; clava
with 22 mps, 8 on first, 6 on second and 8 on third segment (Fig. 112). Antennal
measurements (n=4), length/width (ratio of flagellar segments): scape 174-194/47-65
(2.99-3.78), pedicel 57-66/40-46 (1.30-1.67), fl, 85-104/44-57 (1.83-1.95), fl,
88-108/45-52 (1.88-2.19), ﬂ3 80-109/43-52 (1.72-2.11), ﬂ4 72-84/44-47 (1.65—
1.97), fl, 70-102/42-47 (1.66-2.19), fl, 68-97/43-50 (1.56-1.94), fl, 65-96/41-44
(1.54-2.17), fl, 63-64/42—46 (1.41-1.49); entire clava 126-128/49/53 (2.43-2.59),
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Figures 123, 124. Neotriadomerus longiovipositor, male paratype (14 km W. by N. Hope Vale Mission).
123 mesosoma, legs + metasoma, lateral 124 genitalia, lateral. Scale bar for 123 = 1000 pm; 124 =200 pm.

with segments 1-3 length [measured along dorsal margin] 40-46, 29-31, and 50-60
(the paratype from 18.5 km W. Gordonvale was the largest specimen but had fl, and
clava missing from both antennae so the maximum lengths in the ranges given above
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paramere < |~
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Figure 125. Neotriadomerus longiovipositor, male paratype (near historical mine site, NW of Chillagoe).
Gaster, median plane showing genitalia. Scale bar = 300 pm.

for those segments are smaller than they should be). Mesosoma. Mesosoma length
617-678, width 317-327 (n=3, slide mounts), height ~ 280 (critical point dried
paratype). Wings. Fore wing length (n=3) 1118-1208, width 407-432, length/width
2.71-2.80, longest marginal setae ~ 54-62; cubital line extending to just proximal
to base of parastigma (Fig. 113). Hind wing length ~ 914-1052, width 120-136,
longest marginal setaec ~ 50—67. Legs. Protibia with 5 or 6 (on specimen with only
2 on one leg) short, thick pegs along its length and a transverse row of 3 or 4 abut-
ting pegs apically (as in Fig. 53). Metasoma. Metasoma height in lateral view ~ 480
(including slightly lowered hypopygium, critical point dried paratype) or 320-400
(three slide mounted paratypes). Gaster length 918-1453, about 1.49-2.12x as long as
mesosoma; gt —gt, lengths about 204-244, 190-236, 136-266, 130-207, 114-209,
218-320, ~ 24-59 [measurement of a tergum excludes the telescoped portion inside
another (more anterior) tergum]; hypopygium extending posteriorly to about apex of
gt, to halfway between anterior and posterior margin of gt,. Ovipositor length 1445—
2238, ~ 3.58—4.82x metatibia length (=~ 380-472) and extending anteriorly to level of
head or beyond (Figs 114, 115) and not extending posteriorly beyond apex of gaster
(Figs 114, 115), except in one paratype (Figs 117, 118).

Male. Colour. As for female. Head. Head (Figs 119, 120) width 380-436 (n=4).
Antenna. Measurements, length/width (n=3): scape 170-214/56-67, pedicel 57—
68/46-52, flagellar segments: fl1 117-122/55-63, ﬂ2 109-134/52-58, ﬂ3 103-136/50—
62, fl, 105-130/47-56, fl, 102-125/48-55, fl, 98-127/50, fl, 96-120/48-52, f, 89—
120/44-53, fl, 84-112/45-48, i 76-104/42-48, fl 90—118/36-43; total fagellar
length 1068-1349; ﬂ6 length/width ratio 1.98-2.54, with about 17-19 mps in two
slightly overlapping whorls (Fig. 121). Mesosoma. Mesosoma length 780-860, about
0.80-1.22x as long as metasoma length (680-1020); propodeum with 2 propodeal se-
tae, rarely 3 on one side. Wings. Fore wing (Fig. 122) length (n=3) 1191-1320, width



Eustochomorpha Girault Neotriadomerus, gen. n., and Proarescon gen. n.... 51

446-495, length/width, 2.56-2.67, longest marginal setac 58—68; cubital line extend-
ing to about level of other microtrichia. Hind wing length 921-1024, width 132-158,
longest marginal setae 52—-65. Metasoma. Petiole length 35-36, width 70-76 (n=2).
Gaster length 780-860; gt —gt, each with a row of about 5 lateral and dorsal setae on
each side (apparently without dorsal setae on gt,), and gt, with about 6 long dorsal setae
on each side and about 20 short lateral setae (Fig. 123). Genitalia (Fig 124, 125) with
paramere in lateral view higher than wide and blunt apically, with 2 short apicoventral
setae close together and 2 or 3 short subapical setae more widely spaced.

Etymology. The name is a noun in apposition, referring to the long ovipositor (the
second longest in the genus) that extends anteriorly to the head.

Neotriadomerus longissimus Huber, sp. n.

http://zoobank.org/B79EB1F3-8092-4382-96C7-A966E9549C50
Figs 36-38, 48, 51, 53, 63, 126, 127

Type material. Holotype female (ANIC) on point labelled: 1. “Blundells ACT 27 Feb
1951 H M Cage”. 2. “Holotype Neotriadomerus longissimus Huber 9.

Paratype. 1 female. AUSTRALIA. Queensland: Brisbane Forest Park, 27°25'04"S;
152°49'48"E, 23-29.x.1998, N. Power, dry sclerophyll, MT (19, CNC).

Diagnosis. Neotriadomerus longissimus differs from other species of Neotriadomerus
as follows: body 5000—almost twice the length of any other species (Fig. 126); head
cuboidal, with vertex horizontal, almost at right angle to the face (Fig. 126); mid ocel-
lus almost in contact with the transverse trabecula; mandible massive (Fig. 36); gaster
with basal sac extending anteriorly well anterior to head (Figs 38, 63, 126, 127).

Description. Female. Body length 5000-5450 (n=2, card and point-mounted
holotype and paratype), excluding basal sac of gaster (5900-6300 if this included).
Colour. Holotype body black except for brown mandibles, scutellum, and most of
middle segments of metasoma; legs and apex of anterior extension of ovipositor brown-
ish yellow; paratype body (Figs 126, 127) uniformly brown, except for almost black
head and scape brown, legs mostly yellow except for partly or almost entirely brown
coxae and metafemur, anterior extension of ovipositor from level of head almost white
(Figs 126, 127). Head. Head width 640-690. Vertex horizontal, forming almost right
angle with face, with ocelli in anterior half and mid ocellus in contact with transverse
trabecula. Eye almost circular, slightly narrower ventrally than dorsally. Gena at dorsal
and ventral margins of eye almost equally wide. Mandible massive, extending ventral
to head by at least half face height. Antenna. Each funicle segment in lateral view at
least twice its width as in dorsal view, with about 25-30 short mps in 3 more or less
overlapping whorls (Fig. 38). Clava with about 10 mps on each segment. Antennal
measurements (n=2), length/width (ratio of flagellar segments): scape 297-317/109—
119 (2.58-2.91), pedicel 54-69/59-69 (1.08-1.07), fl, 228/109-119 (1.92-2.09),
fl, 262-267/89-109 (2.45-2.94), fl, 248-257/89-99 (2.60-2.78), fl, 238-248/79
(3.00-3.13), fl, 228/69-74 (3.07-3.29), fi, 198-218/69 (2.86-3.14), fl, 178-198/69
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Figures 126, 127. Neotriadomerus longissimus, paratype, lateral (Brisbane Forest Park). 126 habitus,
lateral 127 anterior body, enlarged. Scale bar for 126 = 2000 pum; 127 = 1000 pm.
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(2.57-2.86), fl, 168-178/69 (2.23-2.57), entire clava 267/64—69 (3.86-4.05), with
segments 1-3, respectively, 109, 69 and 89-99 long. Mesosoma. Mesosoma length
110-120. Wings. Fore wing length (n=2) 2460-2790, width 670-845, length/width
3.30-3.72, longest marginal setae 100; cubital line of setae extending halfway between
apex and base of parastigma (about midway between level of proximal and distal mac-
rochaetae). Hind wing length 1970-1790, width 205-230, longest marginal setae
100-130. Metasoma. Metasoma (paratype only) in dorsal view thin, 260 at its widest
(near apex) and 80 at its narrowest, its length (near middle) 345 and 390 (holotype
and paratype), 3.18-3.25x as long as mesosoma; in lateral view 435 high (near apex)
and 205 (near middle); gt —gt, lengths (paratype only) 715: 690: 155: 715: 740: 435:
80; hypopygium extending about 0.3x length of gaster. Ovipositor sheath length (n=2)
5900—6300, 6.23—7.9x metatibia length (795-950) and extending anteriorly to well
in front of head but barely extending posterior to apex of gaster (Fig. 126).

Male. Unknown.

Etymology. The species name, longissimus, is Latin for longest, referring the ex-
tremely long gaster.

Neotriadomerus powerae Huber, sp. n.

http://zoobank.org/AEDF1141-A5A7-48EF-935A-A47373FE4329
Figs 128-143

Type material. Holotype female (ANIC) on slide (Fig. 130) labelled: 1. “Australia:
QId. Brisbane Forest Park, 27°25'04"S 152°49'48"E 29.xi-5.xii.1997, dry sclerophyll,
N. Power, Mt”. 2. “Neotriadomerus powerae Huber ¢ dorsal holotype”.

Paratypes. 1 female, 3 males. AUSTRALIA. Queensland: Same data as holotype
but 14-20.iii.1998 (19 and 1J, CNC), 28.xi.1998 (14, ANIC), 26.ix-2.x.1999 (1,
ANIC). The collector stated that the specimens were collected in a Malaise trap set
across a creek bed running through the base of an occasionally flooded gully between
two sections of dry sclerophyll.

Diagnosis. Neotriadomerus powerae differs from other small (body length less than
2600) species of Neotriadomerus as follows: fore wing with cubital line extending to
just proximal to base of parastigma (Fig. 132); fl,—fl, each just over twice as long as
wide, with at least 8 mps and clava with 6 mps on each segment (Fig. 131).

Description. Female. Body length ~ 1560 (holotype). Colour. Body (Fig. 128)
almost uniformly dark brown; legs brown, with trochantelli, base and apex of femora
and entire protibia, and base and apex of meso- and metatibiae, and tarsi except tar-
somere 5 paler, almost white; tarsomere 5 brown. Head. Head width 363 (holotype).
Antenna. Fl almost as long as ﬂz, with 8 mps; ﬂ2 about equal to ﬂ3 or following fu-
nicle segments except fl, or fl,, with 8 mps; fl.fl, with 8 mps, fl, and fl; apparently
with 9 or 10 mps. Clava with 18 mps, 6 on first, 6 on second and 6 on third segment
(Fig. 131). Antennal measurements (n=1), length/width (ratio of flagellar segments):
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Figure 128. Neotriadomerus powerae, paratype female habitus, dorsal (Brisbane Forest Park). Scale bar
- 1000 pm.

scape ~ 138/44 (~ 3.15), pedicel 54/43 (1.27), fl, 84/48 (1.77), fl, 88/43 (2.07), fl,
90/44 (2.006), fl, 88/42 (2.10), Hs 88/40 (2.19), fl, 89/40 (2.23), ﬂ7 86/42 (2.05), fl
82/43 (1.91); entire clava 151/47 (3.23), with segments 1-3 length [measured along
dorsal margin] 50, 37, and 64. Mesosoma. Width 284, length 578, with 3 propodeal
setae (Fig. 133). Wings. Fore wing length 1173, width 417, length/width 2.81, longest
marginal setae 52. Hind wing length 940, width 130, longest marginal setae 62. Legs.
Protibia with 5 short, thick pegs along its length and a transverse row of 4 abutting
pegs apically (as in Fig. 53). Metasoma. Metasoma height in lateral view 270. Gaster
length 865, about 1.5x as long as mesosoma; gt—gt, lengths about 169: 106: 99: 113:
162: 170 (Figs 134, 135) [measurement of a tergum excludes the telescoped portion
inside another (more anterior) tergum]; hypopygium (difficult to see) extending pos-
teriorly to level of apex of tergum 5. Ovipositor sheath length 1113, = 2.73x metatibia
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Figure 129. Neotriadomerus powerae, paratype male habitus, lateral (Brisbane Forest Park). Scale bar =
1000 pm.

length (= 51), extending anteriorly to about level of apex of procoxa and extending
posteriorly slightly beyond apex of gaster (Figs 134, 135).

Male. Colour. As for female (Fig. 129). Head. Head (Figs 136, 137) width 346
(n=1). Antenna. Measurements, length/width: scape 124/45, pedicel 49/43, flagellar
segments: ﬂ1 97162, ﬂ2 108/54, ﬂ3 104/56, ﬂ4 102/50, ﬂ5 108/50, ﬂ6 102/50, ﬂ7 98/53,
ﬂ8 99/51, ﬂ9 94/50, ﬂlo 86/47, ﬂ“ 90/45; total flagellar length 1089; ﬂ6 length/width
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Figures 130-132. Neotriadomerus powerae, holotype. 130 type slide 131 head + antenna, anterior
132 wings. Scale bar = 500 pm.
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Figures 133-135. Neotriadomerus powerae, holotype. 133 mesosoma, dorsal 134 mesosoma, lateral
135 mesosoma, median plane. Scale bar for 133 = 200 um; 134, 135 = 500 pum.
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Figures 136—139. Neotriadomerus powerae, male paratype (Brisbane Forest Park). 136 head, anterior
137 head, posterior 138 antenna 139 wings. Scale bar for 136, 137 = 200 um; 138, 139 = 500 pm.
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Figures 140-143. Neotriadomerus powerae, male paratype (Brisbane Forest Park). 140 mesosoma, dorsal

141 mesosoma, ventral 142 metasoma, dorsal 143 genitalia, dorsal seen through gaster. Scale bar = 200 pm.
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2.04, with 12 mps (Fig. 138). Mesosoma. Mesosoma length 610, about 1.24x as long
as metasoma length (494); propodeum with 3 propodeal setae (Fig. 140). Wings. Fore
wing length (n=1) 1043, width 386, length/width 2.70, longest marginal setae 76; cu-
bital line extending to just proximal to base of parastigma (Fig. 129). Hind wing length
834, width 132, longest marginal setac 62. Metasoma. Petiole length 13, width 29.
Gaster length 468; gt,—gt, with 1 long dorsal setae and 4 long lateral setae on each side
and gr, with about 5 long dorsal setae, 3 long lateral setae, and about 20 short lateral
setae on each side (Fig. 142). Genitalia as in Fig. 143.

Etymology. The species is named after Narelle Power, who ran a Malaise trap for
many months in Brisbane Forest Park.

Neotriadomerus sp. 1.
Figs 144, 145

Material examined. AUSTRALIA. Australian Capital Territory: 3 km E. Piccadilly
Circus, Blundells Creek, 35.22°S, 148.50°E, 850m, xii.1984, Weir, Lawrence, Johnson
(19 and 14, ANIC).

Comment. The female (Fig. 144) and male (Fig. 45) almost certainly are conspe-
cific, with body lengths 2460 and 2480, respectively. Female antenna with 2 widely
overlapping whorls of mps (each segment with about 10? mps); male antenna with 2
narrowly overlapping whorls of mps (each segment with about 202 mps). This species
most resembles V. longiovipositor but differs in that the cubital line of setae extends
proximal to base of parastigma, unlike in N. longiovipositor.

Neotriadomerus sp. 2
Fig. 146

Material examined. AUSTRALIA. Western Australia: 29 km SE by E of Coolgardie,
31.07°S, 121.24°E, 5.v.1983, E.S. Nielsen, E.D. Edwards (19, ANIC).

Comment. Body length 1380. Female antenna with 1whorl of mps on each seg-
ment and the shortest and widest funicle segments (Fig. 146) of any Neotriadomerus
species; fore wing with cubital line of setae extending to base of parastigma.

Neotriadomerus sp. 3
Fig. 147

Material examined. AUSTRALIA. New South Wales: Kosciusko National Park,
Leather Barrel Creek, 0.8 km SW. Picnic Area, 36°32'S, 148°11'E, 1080m, 7-21.
ii.1993, A. Newton, M. Thayer, open Eucalyptus forest (gum + delegatensis) with
shrubby understory, window trap (19, ANIC).
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Figures 144, 145. Neotriadomerus sp. 1 (Australia, ACT, 3 km E. Piccadilly Circus, Blundells Creek,
35.22°S, 148.50°E, 850m, xii.1984. 144 female habitus, dorsolateral 145 male habitus, dorsal. Scale bar
= 1000 pm.
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Figure 146. Neotriadomerus sp. 2, female habitus, lateral (Australia, WA, 29 km SE by E of Coolgardie,
31.07°S, 121.24°E, 5.v.1983). Scale bar = 1000 pm.

Comment. Body length 1920; fore wing with cubital line of setae extending to
base of parastigma. This specimen is similar to the female from Blundells Creek but fl,
is even shorter than fl, so it is provisionally treated as distinct.

Neotriadomerus sp. 4
Figs 148-152

Material examined. AUSTRALIA. Northern Territory: 12 km WNW Ross River,
Tourist Camp, 23.32°S, 134.23°E, 13.v.1978, J.C. Cardale (18, ANIC).
Description. Male. Body length ~ 1330. Colour. Body almost uniformly dark
brown; legs brown, with trochantelli, base and apex of femora and tibiae, and tarsi
except tarsomere 5 paler; tarsomere 5 brown. Antenna. Measurements, length/width:
scape 139/46, pedicel length/width 52/46, flagellar segment length: fl 100/68, fi,
94/67, i, 97/61, fl, 100/56, fl, 100/56, fl, 98/54, fl, 96/54, fl, 96/53, fl; 92/50, I,
87146, ﬂ“ 94/37; total flagellar length 1053; ﬂ6 length/width 1.81, with 11 (12?) mps



Eustochomorpha Girault Neotriadomerus, gen. n., and Proarescon gen. n.... 63

J

Figure 147. Neotriadomerus sp. 3, female habitus, lateral (Australia, NSW, Kosciusko National Park,
Leather Barrel Creek, 0.8 km SW. Picnic Area, 36°32'S, 148°11'E, 1080m, 7-21.ii.1993). Scale bar =
1000 pm.

(Fig. 150). Mesosoma. Mesosoma (Figs 148, 149) length 640, 1.16x as long as meta-
soma length; propodeum with 3 propodeal setae (Fig. 149). Wings. Fore wing length
1077, width 398, length/width 2.71, longest marginal setae 60; cubital line extending
to just proximal to base of parastigma (Fig. 151). Hind wing length 900, width 138,
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Figures 148-150. Neotriadomerus sp. 4, male (Australia, N'T, 12 km WNW Ross River, Tourist Camp).
148 head and anterior mesosoma, lateral 149 mesosoma, lateral 150 antenna. Scale bar for 148, 149 =
200 pm; 150 = 400 pm.
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Figures 151-152. Neotriadomerus sp. 4, male (same data as 148-150). 151 wings 152 metasoma,
lateral. Scale bar = 300 pm.

longest marginal setae 64. Metasoma. Gaster length 517, with setae present on sterna
but fewer than on terga (Fig. 152). Genitalia length 220 (Fig. 152).

Comment. The flagellar segments are wider than those of V. darlingi (Figs 82,
952), N. longiovipositor (Fig. 121), and N. powerae (Figs 129, 138) and N. sp. 1; the
number and distribution of mps are most similar to N. darlingi or N. powerae and the
propodeum has 3 setae as in V. powerae. The condensed description given above may
help associate the male with a conspecific female when they are collected, preferably
together with more males.
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Proarescon Huber, gen. n.
http://zoobank.org/9D52630E-F7D4-4DE0-A3D1-0469F28531E2
Figs 153-176

Type species. Borneomymar primitivum Huber, by present designation.

Diagnosis. Female. Antenna with funicle 8-segmented (in Arescon 5-segmented)
and clava 1-segmented, gradually narrowing apically to a point (Figs 156, 166). Both
sexes. Fore wing with microtrichia more densely spaced except for oval area along
posterior margin (in Arescon with microtrichia usualy more sparsely spaced, as shown
in Triapitsyn [2016]).

Description. Female. Body 635-720 in length (critical point dried). Colour. Body
generally light brown with some areas yellow to creamy white; darker brown are mouth
margin, trabeculae, ocellar triangle, clava except apex, dorsellum, meso- and metapleuron,
propodeum, and gt,—gt, (Figs 165, 168, 170). Wings hyaline except for light brown be-
hind venation (Fig. 169 and Huber 2002, fig. 5). Head. Head about 1.50—1.59x as wide
as long, about 1.29-1.35x as wide as high, and 1.17-1.18x as high as long; in lateral view
with anterior surface slightly convex, flat at level of toruli, then evenly curved to mouth
margin; posterior surfaces convex and evenly curved from vertex to mouth margin. Face
about 0.9x as wide as high; subantennal groove absent; preorbital groove ventral to level of
torulus straight then more ventrally curving slightly medially to lateral margin of mouth
opening (Figs 153, 171-male). Torulus in slight triangular depression about 1.7x as high
as torulus width and separated by about 2.0x its width from transverse trabecula (Fig.
171-male). Vertex in lateral view horizontal, forming a right angle with face, posteriorly
almost at right angle with occiput and separated from it by medially divided tranverse
vertexal suture extending behind posterior ocelli almost from eye to eye; occiput separated
from gena by a short, oblique posterior extension of supraorbital suture extending from
lateral apex of vertexal suture and curving ventrally to dorsolateral corner of occipital fo-
ramen. Ocellar triangle small, slightly raised, with mid ocellus almost vertical and lateral
ocelli oblique and facing posteriorly; ocelli with POL about 1.0x LOL and about 0.67x
LOL; ocelli on stemmaticum (Fig. 154)—seen as white lines in cleared slide mounts (Fig.
165)—these are, respectively, a short, transverse groove in front of mid ocellus, continuing
anterolaterally as the frontal suture to midpoint of supraorbital trabecula (apparently di-
vided medially by an unscletotized area), a groove between the lateral margins of mid and
lateral ocelli—the frontofacial suture, and a medially divided transverse groove behind the
lateral ocelli, the vertexal suture, extending almost from eye to eye. Transverse trabecula
darkly sclerotized medially and at each apex apparently not separated from supraorbital
trabecula; preorbital trabecula extending ventrally about halfway between dorsal and ven-
tral margins of torulus to where torulus nearest to eye; supraorbital trabecula in 2 almost
equal sections, the anterior sections diverging posteriorly, the posterior sections parallel
(Fig. 165). Eye large with numerous small facets, in lateral view about as high as wide and
clearly separated dorsally from back of head (temple about 0.3x eye width). Ocular ap-
odeme long and straight, needle-like. Malar sulcus present. Gena at level of ventral margin
of eye slightly wider than malar space. Occiput separated from temple by occipital groove
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(Fig. 165) but otherwise not separated from gena/postgena. Mouthparts. Labrum with 1?
seta; mandible with 4 uneven teeth (Fig. 153). Antenna. Scape 3.4—4.7x as long as wide,
with radicle distinct from rest of scape and about 0.36-0.37x total scape length; pedicel
about 2.0x as long as wide, almost as wide as and 0.26-0.27x as long as entire scape; fu-
nicle 8-segmented; clava 1-segmented, 0.98—1.10x as wide as apical funicle segment and
0.41-0.63x as long as entire funicle (Figs 156, 166, and Huber 2002, fig. 6). Mesosoma.
About 1.7x as long as wide, 1.8x as long as high and 1.2x as wide as high. Pronotum en-
tire (Fig. 157), in dorsal view clearly visible, medially about 0.5x as long as mesoscutum,
with collar bell-shaped in lateral view pronotum sloping down towards junction with
head and neck almost absent (not separable), and lateral panel somewhat rectangular and
overlapping anterior margin of mesoscutum, with lateral surface merging smoothly into
dorsal surface, with a shallow, oblique groove for femur. Spiracle (Fig. 157) flat with sur-
face of pronotum, facing posterodorsally, and apparently slightly closer to anterior apex
of notaulus than to posterolateral angle of pronotum. Propleura near anterior apex not
quite abutting, then gap widening slightly more anteriorly. Prosternum rhomboidal and
completely divided medially by faint longitudinal groove. Mesoscutum about 1.8x as long
as scutellum, in dorsal view with shallow, thin, slightly diverging notauli a little wider and
shallower posteriorly (Figs 157, 158, 168), in lateral view almost flat. Scutellum slightly
wider than long, the anterior scutellum about 0.9x as long as frenum and separated from
it by a shallow, medially straight frenal depression (Fig. 157); campaniform sensilla about
as far from each other as to lateral margin of anterior scutellum; fenestra small, almost
circular, and posterior to campaniform sensilla (Fig. 168, inset). Axilla distinctly advanced,
the transscutal articulation laterally forming a distinct angle with median section (Fig.
168); axillula short, separated from anterior scutellum by concave axillular groove; meso-
phragma fairly narrowly convex posteriorly, extending to posterior apex of propodeum.
Prepectus apparently narrowly triangular; mesopleuron somewhat rectangular, with shal-
low depression separating mesepisternum from mesepimeron. Metanotum with distinct
triangular (Fig. 159) or lens-shaped (Fig. 168, in cleared slide mounts) dorsellum and
lateral panel length toward hind wing articulation about one third length of dorsellum.
Metapleuron triangular, the margin at junction with mesopleuron almost straight and
posterior margin straight and vertical. Propodeum without carinae, with 1 propodeal seta
(Fig. 159). Wings. Fore wing wide, with microtrichia on most of membrane beyond and
partly behind venation to level of second macrochaeta except for a bare area medially
along posterior margin (Fig. 169). Venation complete; submarginal vein with 1 proximal
macrochaeta but no distal seta; parastigma 0.73x submarginal vein length; marginal vein
present, its length about 1.42x parastigma length, with a second macrochaeta about mid-
way between first distal macrochaeta and stigmal vein; stigmal vein distinct, about 0.28x
length of marginal vein, with anterior margin of stigma parallel or converging with wing
margin and with 4? apical campaniform sensilla in a line; postmarginal vein present, ap-
parently about 1.1x as long and almost as thick as marginal vein; hypochaeta fairly close
(about 0.3x length of parastigma) to proximal macrochaeta; proximal campaniform sen-
sillum near posterior margin of parastigma just next to first distal macrochata. Hind wing
normal (Fig. 169). Legs. Profemur slightly wider than meso-and metafemora; metafemur
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about 1.2x mesofemur width. Tarsi 5-segmented. Calcar (moveable protibial spur) with
about 2 setae along outer margin, and with inner tine about 0.45x outer tine length. Mid-
dle and hind legs with tarsomere 1 as long as tarsomere 2. Metasoma. 1.95x as long as
wide, 2.18x as long as high and 1.12x as wide as high; its length, excluding exserted part of
ovipositor, about 1.37x that of mesosoma. Petiole ring-like, about 0.36x as long as wide.
Gastral terga about equal in length except gt slightly longer (Figs 162, 170). Cercus flat,
with 4 setae, the second-most dorsal one longest (Figs 162, 170). Hypopygium short, ex-
tending about one-third ovipositor length (Fig. 170). Ovipositor sheath exserted beyond
gastral apex by about 0.2x total sheath length, with 1 subapical seta.

Male. Body length ~ 585 (slide mounted paratype). Colour. Similar to female
but with slightly more extensive brown on mesosoma (Fig. 173), and metasoma with
brown apically instead of medially (Fig. 175). Head. As for female, mandible with 4
teeth (Fig. 171). Antenna. Scape (n=1) about 3.00x as long as wide, with radicle about
0.35x scape; pedicel 1.28x as long as wide; flagellum 11-segemented, with fl, shorter
and wider than other segments, ﬁz—ﬂ“ subequal, each flagellomere with 4 mps (Fig.
172). Mesosoma. As for female (Figs 159, 160, 173). Wings. Fore wing (Fig. 174)
with proximal campaniform sensillum near posterior margin of marginal vein about
midway between first and second distal macrochata. Metasoma. Petiole length/width
0.38; gaster about 0.82x as long as mesosoma (Fig. 162). Genitalia with long para-
meres and apparently no digiti (Figs 163, 164, 176).

Etymology. The genus is masculine. The prefix, pro- is Latin for in front of, earlier
or first, + Arescon, apparently the most closely related genus.

Key to species of Proarescon. Females.

1 Clava 4.7x times as long as wide, with ventral margin distinctly concave
(Figs 156, 166); fore wing with cubital line extending proximally to about
level of second distal macrochaeta (Fig. 169), not much further towards wing
base than remaining microtrichia on wing surface.... P similis Huber, sp. n.

- Clava less than 3.5x as long as wide, with ventral margin almost straight
(Huber 2002, fig. 6); fore wing with cubital line extending proximally almost
to level of proximal macrochaeta, distinctly further towards wing base than
remaining microtrichia on wing surface (Huber 2002, fig. 5)......ccccccvueuneeee.
.................................................................................. P. primitivus (Huber)

Proarescon primitivus (Huber), comb. n.

Figs 153-176

Borneomymar primitivum Huber, 2002: 49 (description, figs 5, 6).

Comment. In Huber (2002) the female and male symbols in the material examined
sections were inadvertently either deleted or were replaced by a question mark. All
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the specimens of the three species mentioned in that chapter were females except
for 2 males on points and 2 males on slides of Borneomymar discus Huber from
Malaysia, Sarawak, Gunung Buda. The brief description below complements the
original description, which did not include antennal segment widths or hind wing
measurements.

Description. Female. Body length 634 (paratype). Antenna. Length/width meas-
urements (holotype): scape 184/35, pedicel 50/26, ﬂ1 16/13, fl2 16/12, ﬂ3 23/16, ﬂ4
26/16, ﬂ5 29/18, ﬂs 62125, ﬂ7 59/26, ﬂ8 63/31, clava 120/35.Wings. Fore wing length
583, width 154, length/width 3.78, longest marginal setae 122. Hind wing length
560, width 23, longest marginal setae 90.

Material examined. THAILAND: Chanthaburi, Khao Kitchakut Nat. Park,
Khao Prabaht Peak, 12°50.45'N 102°9.81'E, 875m, 27.ii-6.ii.2009, MT, Suthida and
Charoenchai, #4046 (19, CNC).

Proarescon similis Huber, sp. n.
http://zoobank.org/7CEE8233-FC3D-4B9D-AB79-CCEFA137E27D
Figs 153-176

Type material. Holotype female (QSBG) on slide (Fig. 167) labelled: 1. “Proarescon si-
milis Huber @ dorsal Holotype”. 2. “Thailand: Surat Thani, Khao Sok Nat. Park, Klong
Morg Unit, 87 m, 8°53.725'N 99°38.025'E, MT 10-17.ii.2009, Phongphan, #3937”.

Paratypes. 1 female and male. THAILAND. Nakhon Si Thammarat. Namtok
Yong Nat. Park, TV aerial, 966m 8°14.262'N; 99°48.289'E, 15-22.ix.2008, Malaise
trap, Paiboon, #3540 (13 on slide, QSBG); Namtok Yong Nat. Park, Klong Jang
waterfall, 8°16.283'N; 99°38.702'E, 154m, Malaise trap, 23.ii-2.iii.2009, S. Sam-
naokan, #4665 (13, CNC). Surat Thani. Khao Sok Nat. Park, 122m, 8°54.555'N;
98°30.522'E, Malaise trap, 13-20.1.2009, Pongphan, #3914 (19, CNC).

Diagnosis. Female. Clava 4.7x times as long as wide, with ventral margin dis-
tinctly concave (in P primitivus, clava about 3.4x as long as wide, with ventral margin
almost straight); fore wing with cubital line not extending proximally beyond first api-
cal macrochaeta, barely proximal to remainder of microtrichia (in 2 primitivus, cubital
line extending proximally almost to level of proximal macrochaeta, distinctly proximal
to other microtrichia).

Description. Female. Body length 740 (holotype), 634 (paratype on card). Head.
Head width 182 (holotype). Face with weak elongate reticulate sculpture, vertical lat-
erally becoming horizontal medially, with thin setae distributed on each side as follows:
2 medial to torulus and 7 ventral to torulus, the 2 setae submedially above mouth
margin longer and thicker than the others (Fig. 153). Vertex with transverse elongate
reticulate sculpture, with 1 or 2 setae on orbit of eye lateral to transverse trabecula and
2 setae between eye and posterior section of supraorbital trabecula and 1 seta lateral
to posterior apex of vertexal suture; ocellar triangle (inside stemmaticum) with 1 seta
between mid and lateral ocelli and 1 setae lateral to mid ocellus but outside triangle
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Figures 153-158. Proarescon similis. 153 male head, ventroanterior 154 female head and pronotum,

posterodorsal 155 male lower face and prosternum 156 female antennae 157 female mesosoma, dorsal

158 male mesosoma, dorsolateral. Scale bar for 153, 154, 157, 158 = 50 pm; 155= 20 pum; 156 = 100 pm.

(Fig. 165). Malar space with 2 setae. Occiput with engraved transverse reticulate sculp-
ture, with 1 short setae submedially and 1 sublaterally above occipital foramen. Gena
with longitudinally reticulate sculpture laterally, becoming isodiametric around fora-
men, and with about 5 setae sublaterally and laterally. Antenna. Fl -, without mps,
Fl —fl, each with 2 mps; clava with 6 mps. Length/width measurements: scape 166/-,
pedicel 39/-, fl, 11/12, fl, 13/12, fl, 12/13, l, 15/14, fl, 18/16, fl, 50/16, L 51/21, fl,
54/31, clava 143/30. Mesosoma. Width 156 and length 287. Pronotum with raised

transverse to isodiametric reticulate sculpture, with 3 long setae near posterior margin
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Figures 159-164. Proarescon similis, male. 159 mesosoma, dorsal 160 base of wings + axilla, dorsal

161 fore wing, dorsal 162 mesosoma, laterodorsal 163 apex of gaster + genitalia, dorsolateral 164 apex of
gaster + genitalia, ventral. Scale bar for 159 = 50 pm; 160, 163, 164 = 20 pm; 161 =200 pm; 162 = 100 pm.

and 2 short setae towards anterior margin. Propleuron faintly, longitudinally reticulate,
with 1 seta medially and 1 seta laterally about midway between anterior and posterior
apices. Prosternum apparently smooth, with 1 seta submedially almost at anterior mar-
gin. Mesoscutum with sculpture isodiametric anteriorly and on lateral lobes to longi-
tudinally reticulate posteriorly on midlobe, with 1 setae along inner margin midway
between anterior and posterior apices of notaulus, and 1 setae at lateral angle of lateral
lobe. Anterior scutellum smooth, with 1 setae laterally at dorsal margin of axillula,
and with campaniform sensilla about 2x their diameter from transscutal articulation
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Figures 165—167. Proarescon similis, holotype. 165 head, dorsal 166a antenna without scape, lateral
166b antenna, dorsal 167 type slide. Scale bar = 100 um.
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Figures 168, 169. Proarescon similis, holotype. 168 metasoma, dorsal (inset: enlargment of central area

of scutellum showing fenestra) 169 wings. Scale bar = 100 pm.
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Figures 170-172. Proarescon similis. 170 holotype metasoma, lateral 171 male paratype head, anterior
172 male paratype antenna. Scale bar for 170, 172 =200 pm; 171 =100 pm.
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Figures 173, 174. Proarescon similis, male paratype. 173 mesosoma, dorsal 174 wings. Scale bar =
100 pm.
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Figures 175, 176. Proarescon similis, male paratype. 175 metasoma, dorsal 176 genitalia, dorsal (seen
through body). Scale bar for 175 = 100 pm; 176 = 50 pm.
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and about 7x their diameter from each other; fenestra small, transversely oval and pos-
terior to campaniform sensilla; frenum with faint, longitudinal wrinkles. Axilla with
isodiametric reticulations and with 1 seta dorsally on apparently smooth lateral panel;
axillula smooth. Metanotum smooth with 1 short seta on anterior margin closer to
lateral apex of lateral panel than to dorsellum and 2 minute seta on anterior margin
at apex of lateral panel. Propodeum apparently smooth medially, with faint engraved
longitudinal reticulations laterally, with 1 propodeal setac midway between spiracle
and posterior margin. Wings. Fore wing length (n=1) 563, width 146, length/width
3.86, longest marginal setae 107; cubital line of setae extending halfway towards base
of parastigma, about midway between level of proximal and distal macrochaetae. Hind
wing length 542, width 26, longest marginal setae 104. Legs. Femora and tibiae of all
legs at most with faint longitudinal reticulation. Protibia with about 14 short, thick
pegs along its length. Metasoma. Petiole width 26, length 11. Gaster (Fig. 170) height
155, length 352, apparently without sculpture (Figs 162, 163) and with 2 short setae
on gt, and 3—6 longer lateral and dorsal setae on remaining terga. Cercus with 4 setae,
the first seta about 2x as long as the remaining setae. Hypopygium about 0.35x gaster
length. Ovipositor 380 long, its exserted part (56) about 0.2x entire sheath length,
with 1 subapical seta.

Male. Colour. As in generic description. Head. Head width 192 (n=1). Wings.
Fore wing length (n=1) 563, width 146, length/width, 3.88, longest marginal setae
107. Hind wing length 542, width 26, longest marginal setaec 114. Antenna. Measure-
ments (n=1): scape length/width 74/22, pedicel length/width 30/37, flagellar segment
length: ﬂ1 44, ﬂ2 59, ﬂ3 62, ﬂ4 61, ﬂ5 60, ﬂe 60, ﬂ7 64, ﬂ861, ﬂ9 61, ﬂ10 62, ﬂ11 58; total
flagellar length 652; fl, length/width 2.73, with 4 mps (Fig. 172). Metasoma. Gaster
(Fig. 175) apparently without sculpture, with setae dorsolaterally and laterally and
a few minute spicules medially on gt, and gt.. Genitalia (Figs 163, 164, 176) with
curved aedeagal apodeme about 0.6x as long as aedeagus; paramere thin, with 3 sub-
apical and apical setae.

Etymology. The species name, similis, is Latin for similar, referring to the similar-
ity of this species to the only other described species in Proarescon.

Borneomymar Huber

Figs 176-187

Type species. Borneomymar discus Huber 2002: 45, by original designation.
Diagnosis. Female. Head without stemmaticum (Fig. 178); occipital groove
almost transverse (Fig. 178). Antenna with funicle 8-segemented, only fl,—fl, with
mps, and clava 1-segmented (Fig. 179); mandible with 3 teeth; fore wing length
1006, width 235, length/width 4.28, longest marginal setae 203 (Fig. 180); venation
~ 0.75x wing length (apex of postmarginal vein difficult to determine); submarginal
vein 2.03 x as long as parastigma, parastigma with hypochaeta much closer to prox-
imal than to distal macrochaeta; marginal vein 1.94x as long as parastigma; postmar-
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Figures 177-180. Borncomymar madagascar, female. 177 head, anterior (vertex detached anteriorly,

with trabeculae unrolled) 178 head, posterior 179 antenna 180 wings. Scale bar for 177, 178 = 100 pm;
179, 180 = 500 pm.
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Figures 181-183. Borneomymar madagascar, female. 181 body (without head), habitus, dorsal
182 mesosoma, dorsal 183 metasoma, dorsal (slightly twisted). Scale bar for 181 = 1000 pum; 182, 183 =
100 pm.
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Figures 184-187. Bornecomymar madagascar, male. 184 head, dorsal 185 antenna, dorsal, twisted lat-
erally after fl, 186 metasoma (gt, missing) 187 genitalia, dorsal. Scale bar for 184, 187 = 100 um;
185, 186 = 200 pm.
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ginal vein = 0.95x as long as marginal vein; hind wing length 648, width 32, longest
marginal setae 122; ovipositor extremely long, projecting posterior to apex of hypopy-
gium by ~ 2.2-2.4x body length (Fig. 181). Male. Similar to female except for gaster
(Fig. 186) and antenna. Head (Fig. 184). Fore wing length 1134, width 303, length/
width 3.74, longest marginal setaec 220; hind wing length 797, width 32, longest
marginal setae 32. Antenna with flagellum 11-segmented, all segments with several
mps (Fig. 185); genitalia (Fig. 187), encapsulated, with long aedeagal apodeme and
digitus with 3 teeth.

Borneomymar madagascar Huber
Figs 176-187

Borneomymar madagascar: Huber, 2002: 48 (original description); Engel et al. 2013: 2
(comparison with a fossil species).

Diagnosis. This species differs from, B. discus Huber, the only other extant species now
included in the genus, as follows: radicle about as long as wide, scape 2.84x as long
as wide (in B. discus radicle much longer than wide, scape 5.86x as long as wide); fore
wing uniformly hyaline (Fig. 180) (in B. discus fore wing with distinct brown areas);
gaster in lateral view about as 0.5x as high as long (almost circular in B. discus).

Description. Female. Body length 922-998 (n = 4, critical point dried specimens,
measured to apex of hypopygium), ovipositor length ~ 2022-2330 (not completely
straight so probably slightly longer). Head (Fig. 184) width 266. Antenna measure-
ments (n = 1), length/width (ratio): scape 101/36 (2.84), pedicel 56/35 (1.59), ﬂ1
68120 (3.35), i, 81/30 (2.73), A, 82/29 (2.81), l, 86/30 (2.85), . 79/32 (2.43), f,
76134 (2.25), fl. 72132 (2.27), i, 74/34 (2.20), clava 176/52 (3.40); fl - cach ap-
parently with 3 mps, clava with 12 mps (Fig. 179; hypopygium extending distinctly
beyond posterior apex of gaster. Male. Body length = 1315 (excluding gt,, removed
to extract genitalia). Head (Fig. 184) width 262. Antenna measurements (n= 1, slide
mounted), length/width [scape—fl, are vertical so width cannot be measured]: scape
104/ - , pedicel 56/ -, f1, 106/ -, 8,108/ -, i, 106/ -, fi, 108/ - , i, 111/~ 35, fi_ 101/38,
ﬂ7 92/42, ﬁs 96/41, ﬂ9 94/41, ﬂ10 91/39, ﬂ11 88/35; total flagellar length 1102; HG
length/width 2.66, with 92 mps.

Material examined. MADAGASCAR. Antananarivo. Botanic garden near en-
trance to Andasibe National Park, 1025 m, 18°55.58'S; 48°24.47'F, 1-5.xi.2001, R.
Harin'Hala, tropical forest, Malaise trap, lot # 007164 (19 onsslide, CAS). Diego-Suar-
ez. Montagne d’Ambre National Park, 975 m, 12°31'S; 49°11'E, 4-19.iii.2001, M.
Irwin, E. Schlinger, R. Harin’'Hala, Malaise trap, lot # 007149 (18 on slide, CAS).
Fianarantsoa. Massif de Andringitra, 975m, 21°57'50"S; 46°55'59"E, 7-19.xii.1999,
M.E. Irwin et al., Malaise trap (4% on cards, CNC, UCRC).



82 John T. Huber / Journal of Hymenoptera Research 57: 1-87 (2017)

Tribe Triadomerini stat. n.

Notes. Yoshimoto (1975) treated the Cretaceous amber fossils from Canada and classi-
fied Triadomerus Yoshimoto in his new subfamily Triadomerinae, Carpenteriana Yoshi-
moto and Macalpinia Yoshimoto in Mymarinae, and Enneagmus Yoshimoto in Tricho-
grammatidae. He defined his Triadomerinae as “having the submarginal and marginal
veins distinctly separated at the junction of the fore wing and antennae 13-segmented
in the female”. Poinar and Huber (2011) keyed the Cretaceous genera of Mymaridae,
adding only Myanmymar Huber from Burmese amber to bring the number of genera
to five, including Enneagmus, which Huber (2005) had reclassified in Mymaridae.

I treat Yoshimoto's Triadomerinae as a tribe, defined as follows, based mainly on
extant genera and species: mandible with 3 (Borneomymar, Eustochomorpha) or 4 teeth;
pronotum entire; fore wing wide, with marginal setae much shorter than wing width;
venation more than 85% of wing length, with marginal vein present and longer than
submarginal vein, and with postmarginal vein present and longer than marginal vein;
hypochaeta, when present, closer to proximal than to distal macrochata; hind wing
wide with marginal setae shorter than wing width; tarsi 5-segmented, with tarsomere
1 distinctly longer than any of the others; petiole clearly shorter than wide, ring like.
Female. Antenna with flagellum at most 11 segmented (funicle 8-segmented and clava
1-3-segmented); ovipositor usually greatly exserted beyond either posterior (Borneo-
mymar, Eustochomorpha) or anterior (Neotriadomerus) apex of body but in the extinct
genera not projecting either anteriorly or posteriorly. Male. Antenna 11-segmented,
the flagellomeres each with several mps; genitalia encapsulated, with short, thick para-
meres, apparently without digiti (in Neotriadomerus) but thinner walled and with digiti
(in Borneomymar)

Triadomerini is treated here as the sister clade to the remainder of Mymaridae. The
only apomorphy that defines the tribe is reduction in number of flagellar segments
(at most 11) relative to Rotoitidae, whose species have a 12-segmented flagellum in
females of both included extant genera. An additional diagnostic feature of the extant
species of Triadomerini is the exserted cerci on a distinct prominence, similar to that of
Torymidae. The occurrence of elevated cerci, number of teeth in mandibles, and sev-
eral other features cannot definitely be determined from the fossil specimens studied.
The lack of a hypochaeta apparently occurs in Triadomerus and Eustochomorpha and
apparently also in at least one of the Neotriadomerus species.

Triadomerus is known only from Cretaceous amber from present day western Can-
ada (Yoshimoto 1975). Eustochomorpha and Neotriadomerus species are confined to
Australia, and extant Borneomymar species occur in the islands of Borneo and Mada-
gascar whereas the one extinct Borneomymar species is from Eocene amber from the
Baltic region (Engel et al. 2013). Macalpinia and especially Carpenteriana doubtfully
belong in Triadomerini but perhaps are better classified here than elsewhere. Even
though Carpenteriana has 7-segmented funicle and an entire clava its fore wing vena-
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tion appears to be similar to Macalpinia. Macalpinia has an 8-segmented funicle and
3-segmented clava, as in T7iadomerus and Neotriadomerus, so on the basis of this fea-
ture is classified fairly well in the tribe even though it appears to have no postmarginal
vein and apparently only 4-segmented tarsi (tarsi are difficult to see; they may, in fact,
be 5-segmented). Thus, I classify six genera in Triadomerini: four genera definitely—
Borneomymar, Eustochomorpha, Neotriadomerus, Triadomerus, and two genera tenta-
tively— Carpenteriana and Macalpinia.

Tribe Aresconini

Notes. Viggiani (1988) proposed Aresconini for Arescon Walker and defined the tribe
on the characteristic male genitalia, i.e., encapsulated, with relatively long, narrow par-
ameres but apparently no digiti. Based on mainly extant genera and species, Aresconini
is defined by the following features: mandible with 4 teeth; pronotum entire; venation
long but postmarginal vein usually short; funicle in females 4-, 5- or 8-segmented;
clava entire or 2-segmented; male genitalia usually with long parallel-sided parameres. I
classify members of the extant genera Kikiki Huber and Beardsley (Huber and Beards-
ley 2000), Zinkerbella Huber & Noyes (Huber & Noyes 2013), Proarescon (this paper),
and the extinct genus Myanmymar (Poinar and Huber 2011) in the tribe based on simi-
larities in head features, fore wing shape or venation, and male genitalia where known.

Arescon is almost worldwide (Triapitsyn 2016) whereas Proarescon is only in
southeastern Asia. Lin et al. (2007) and Huber (2009) had first classified Kikiki
in the Alaptus group of genera then, with Tinkerbella described as a separate genus
(Huber and Noyes 2013), in the Anagrus group of genera. In both cases, similari-
ties in various features were used to justify their placement. Now, however, I believe
these two genera are best classified in Aresconini. The male genitalia of Kikiki have
fairly long and thick parameres (Huber and Noyes 2013, fig. 35), the vertex has a
distinct stemmaticum (Huber and Noyes 2013, figs 12, 41), the fore wing has a long
venation, and the mandible has 4 teeth, all features that occur also in Arescon and
Proarescon. Kikiki may be almost worldwide (Australia, India, northern South Amer-
ica, Hawaiian Islands) and Zinkerbella is so far known only from Costa Rica (Hu-
ber and Noyes 2013). Enneagmus may fit in Aresconini better than in Triadomerini
because of its apparently short venation, and 4-segmented funicle and 3-segmented
tarsi as in Kikiki. The 3-segmented clava may simply be an ancestral feature, reduced
to two segments in Kikiki and Tinkerbella. However, the short venation, apparently
much less than half the wing length is unlike the other genera in Aresconini. Thus,
six genera are here classified in Aresconini: Arescon, Enneagmus, Kikiki, Myanmymar,
Proarescon, and Tinkerbella. If Minutoma Kaddumi (Kaddumi 2005) is indeed a
mymarid, it may also belong here; its small body length is comparable to that of
Tinkerbella.
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Key to extant genera of Aresconini and Triadomerini. Females.

See Poinar and Huber (2011) for key to the extinct Cretaceous genera.

1 Clava 2 or 3-segmented; propodeum with 2 or 3 setae........ccoeeueenirinnenene. 2
- Clava 1-segmented (i.e., entire); propodeum with 1 seta........ccccoevvvureencnenne. 5
2(1) Clava 2-segmented...........cccoviiiiiiiiiiiiiiiiiiiii s 3

- Clava 3-segmented [ovipositor extending anteriorly well under mesosoma
but not exserted posteriorly much beyond gastral apex (Figs 105, 126)] .......
.................................................................. Neotriadomerus Huber, gen. n.

3(2) Ovipositor extending posteriorly well beyond posterior apex of gaster (Figs 2, 4);
tarsi 5-segmented; funicle 8-segmented ....... Eustochomorpha haeckeli Girault

- Ovipositor not or barely exserted beyond posterior apex of gaster; tarsi 3- or

4-segmented; funicle 4- or 5-segmented..........ccoveueuiiiininiieiie 4
4(3) Tarsi 4-segmented; funicle 5-segmented........... Tinkerbella Huber & Noyes
- Tarsi 3-segmented; funicle 4-segmented............. Kikiki Huber & Beardsley
5(1) Funicle 5-segmented..........cccoceiviiiiiiiiiiiii Arescon Walker
- Funicle 8-segmented...........ccociviiiiiiiiiiiiiiiiii, 6
6(5) FI, I, each much shorter than fl £, (Fig. 166) ..... Proarescon Huber, gen. n.
- Fll—ﬂS as long as ﬂé—ﬂ8 (Huber 2002, figs 2, 4)............... Borneomymar Huber
Discussion

Huber (2002) treated Z7iadomerus (extinct) and Eustochomorpha (extant) as sister genera to
the remaining extant genera of Mymaridae based, in females (males are unknown), on an
8-segmented funicle and 3- or 2-segmented clava, respectively, i.e., 11 or 10 flagellar seg-
ments in total. In Neotriadomerus, males are known and have the same number of flagellar
segments as in females, i.e., 11, and this is considered to be as the most plesiomorphic
feature possible in Mymaridae. Macalpinia and Triadomerus also have an 8-segmented
funicle and 3-segmented clava. Species in all other genera (all extant only, except for one
fossil Borneomymar species) whose males are known have a different number of segments
between females and males, with at least one less segment in females compared to males.
But because males of the species of most extant genera have an 11-segmented flagellum,
it is probably safe to assume that males in the extinct genera also have an 11-segmented
flagellum, as in females. On this basis, Triadomerus, Macalpinia and Neotriadomerus are
treated as the sister clade to other genera within Triadomerini and to all remaining genera
of Mymaridae, both extinct and extant. At present the relationships among these three
genera cannot be determined but, among extant genera only, Neotriadomerus is clearly
the sister genus to the all remaining genera, including Eustochomorpha. Loss of one claval
segment in Eustochomorpha, to give a 10-segmented flagellum in its females, makes this
the sister genus to the remaining genera of extant Mymaridae other than Neotriadomerus.



Eustochomorpha Girault Neotriadomerus, gen. n., and Proarescon gen. n.... 85

Conclusions

The distribution of the extinct and extant genera that can definitely be placed in
Mymaridae encompasses a time span of almost 100 my. Kaddumi (2005) classified
Minutoma, found in 120-135 my Cretaceous amber from the Zarqa River basin,
in Mymaridae but Huber in Heraty et al. (2013: 2) suggested it might be better
placed in Tetracampidae; its clava appears to be 4-segmented. But if it is a member
of Mymaridae then the family extends back into the early Cretaceous, well after the
beginning of the breakup of Pangea into Laurasia in the north and Gondwana in
the south, beginning 200 million years ago. The present centre of diversity of My-
maridae is in the Australasian region, particularly Australia and New Zealand, but
the fossil evidence shows that the family was already quite diverse in the Cretaceous
and that the origin of Mymaridae is not necessarily there. In Triadomerini, all the
Cretaceous genera (known only from Laurasia) eventually became extinct whereas
Eustochomorpha and Neotriadomerus are extant in Australia (part of Gondwana). Bor-
neomymar, in contrast, is represented by two extant species in the islands of Borneo
and Madagascar (both part of Gondwana) and one extinct species from Baltic amber,
i.e., from Laurasia (Engel et al. 2013). In Aresconini, the only extinct genus is Myan-
mymar (Laurasia?); all the rest are extant and, except for Proarescon and Tinkerbella,
widespread.

The widespread distribution of Mymaridae already existed at least 80 my ago
(described taxa from Canadian and Burmese Cretaceous amber) and the family is
currently worldwide, except for Antarctica. Two scenarios may explain this: 1) The
family may have evolved before the breakup of Pangaea, 200—180 million years ago,
and was already widespread throughout the supercontinent wherever suitable hosts
occurred, which would suggest a Jurassic origin; 2) The family is more recent, hav-
ing originated in only part of Pangea, probably Gondwana, and some species then
spread to Laurasia after the two parts became well separated from each other. This
is quite possible because Mymaridae are small and easily carried long distances on
wind and some would have survived the trip. Mymaridae as a recognizable taxon
may therefore be a lot older than the present evidence shows, going back well into
the early Cretaceous.
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Abstract

In hyper-diverse groups such as Hymenoptera, a variety of structures with different, complementary func-
tions are used for feeding. Although the function of the parts such as the mandibles is obvious, the use
of others, like the labrum, are more difficult to discern. Here, we discuss the labrum’s function in bees, as
well as the implications of deformities to this and associated characteristics.
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Introduction

As one of the oldest groups of terrestrial organisms, invertebrates employ an exception-
al diversity of feeding and sensory strategies (Grimaldi and Engel 2005). The structures
related to the sensation and manipulation of food are most often found on the head
(Chapman 1998; Chapman and de Boer 1995; Snodgrass 1993). Although the evolu-
tionary origins of some parts of the insect head remain contested, it is clear that each
major component plays a role in the overall functioning of the head and, therefore, the
survival of the organism (Frase and Richter 2013; Ortega-Herndndez and Budd 2016;
Posnien et al. 2009; Smith et al. 2014; Smith and Goldstein In press).
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The primary uses of many of the parts of the head are generally obvious (e.g., eyes
or mandibles), but those of others, such as the labrum, are more obscure. This is in part
due to the frequent conflation of the labrum with the associated epipharynx (Dellacasa
et al. 2010; Snodgrass 1993). Although these two components function in tandem, it
is important to differentiate between them because failure to do so may obscure the
individual functions of each of these structures.

The insect labrum is typically a sclerotized plate found below the clypeus, either
articulated there or fused to it, and it is generally innervated and connected to frons
musculature (Chapman 1998; Snodgrass 1985; 1993). Often referred to as the “up-
per lip” based on the Latin origin of the term, it is considered an important element
of insect food manipulation (Rebora et al. 2014; Snodgrass 1985). The labrum is also
a site of attachment for the epipharyngeal wall, a soft membrane found on the in-
ner face of the labrum that often has a medial projection called the epipharynx (the
epipharyngeal wall is also called the membranous inner face of the labrum or similar
terms, we will generally consider the epipharynx as a specific part of the epipharyn-
geal wall (Chapman 1998; Dellacasa et al. 2010; Snodgrass 1993; Vilhelmsen 1996).
The epipharyngeal wall is more generally associated with sensory functions, especially
chemo- and mechano-sensation, likely because it often continues internally from the
labrum, along the inner face of the clypeus, to the mouth (Snodgrass 1985; 1993).
Together, the labrum and epipharyngeal wall form a functional unit that assists insect
feeding in many different ways.

Interestingly, the labrum appears to be more frequently modified for secondary,
non-feeding purposes than the epipharyngeal wall. This may be either a consequence
of observer effort, given the fact that the epipharyngeal wall is typically hidden and
overlooked in favor of the readily apparent labrum, or simply because the labrum is ex-
posed and can more easily interface with the external environment. Regardless, insects
use the labrum in many novel ways. For example, labral sensillae commonly used for
more benign purposes are now part of the trigger and lock mechanism used by some
trap-jaw ants to spring their powerful mandibles (Larabee and Suarez, 2014). Not all
uses of the labrum are tied to such exceptional behaviors, however, as the labrum has
many forms and functions across insects and even within orders such as Hymenoptera,
making definitive identification of labrum function a surprisingly challenging task.

Even in some economically important groups like bees, the labrum’s general role is
relatively poorly understood. Similar to insects at large, there is also a great diversity of
bee labrum forms (Fig. 1; Michener 1944; Michener 2007), but the function of only
relatively few of these forms has been investigated, and labral use remains obscure even
in closely-studied groups (Walker 1995). Even the most dramatic labral modifications
in the bees, such as the elaborate keels seen in many female Halictidae, have unknown
functionality, though they are absent in males and much reduced in parasitic members
of the family (Michener 1978; Michener 2007; Walker 1995; Fig. 1A). Conversely,
many of the apid bees which have unusually long labrums are cleptoparasitic, though
the functionality of this trait is again unknown, these structures are perhaps related
to nest cell penetration or protection of the mouthparts (Michener 2007; Fig. 1B).
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Figure I. Labrum form diversity in bees. A Halictus ligatus Say 1837 female (NPIC:87530) B Holco-
pasites insoletus (Linsley, 1942) male (NPIC:BBSL211611) € Megachile sculpturalis Smith 1853 female
(NPIC:BBSL1030971) D Trachusa larreae (Cockerell, 1897) female (NPIC:94880) E Habropoda laboriosa
(Fabricius, 1804) female (NPIC:BBSL253733) F Anthophora abrupta Say, 1838 male (NPIC:BBSL231004).
Scale bars indicate 250um for each image independently.

However, long labrums are linked to resource transport in some nest-building species.
For example, the largest bee in the world (Megachile pluro Smith, 1860) and some of
its relatives (Fig. 1C) are known to carry nesting materials (resin, wood) between their
mandibles and labrum (Messer 1984). Similarly, 7rachusa larreae females (Fig. 1D)
have a shock of setac on the labral apex that facilitates resin collection (Cane 1996),



92 M.C. Orr & A.D. Tripodi /| Journal of Hymenoptera Research 57: 89—101 (2017)

and Habropoda laboriosa females (Fig. 1E) may use labral setae to aide in pollen col-
lection (Cane and Payne 1988; Thorp 2000). Rather more fascinating, Anthophora
abrupta males (Fig. 1F) are known to use a labral “moustache” to paint floral fragrances
onto mating areas to attract females (Lee 1998; Norden and Batra 1985; Whitten et
al. 1989). However, relatively few bee species are known to use the labrum in these
particular ways, and it appears safe to assume that such non-feeding related functions
are secondary.

It is reasonable to state that the labrum serves some broader function in bees,
given that it is obviously articulated and connected to both musculature and nerves
(Ellis and Hepburn 2006; Erickson Jr et al. 1986; Snodgrass 1985). Reports of bee lice
(Braulidae) tickling the labrum of honey bees to induce regurgitation, and the presence
of sensillae there, clearly suggest mechano-sensory function at a minimum (Grimaldi
and Underwood 1986), although the existence of chemo-sensory labral or epipharyn-
geal sensillae in bees is debated (de Brito Sanchez 2011; Mitchell et al. 1999; Sandoz
et al. 2002; Whitehead and Larsen 1976). The labrum is also apparently used to press
the epipharyngeal wall against the proboscis to create an airtight seal during ingestion,
giving it an additional function beyond mere sensation (Carreck et al. 2013). Interest-
ingly, the epipharyngeal wall has apparently lost the gustatory functions seen in many
other insects, such tasks are instead thought to be managed by bees with the antennae,
other mouthparts, and forelegs (de Brito Sanchez 2011; Mitchell et al. 1999). This
makes sense when considering that the epipharyngeal wall is less likely to directly
touch food that bees are initially handling, in comparison to groups with gustatory
labral sensillae (e.g., Orthoptera: Cook 1972; Zaim et al. 2013).

The larval labrum’s function also appears to be linked to sensation and feeding,
as many bees and other Hymenoptera have conspicuous setae there (Murao and Ta-
dauchi 2005; O’Donnell 1989; Pitts and Matthews 2000; Rozen 2001). However,
complications arise in that sensillae can change form, and possibly even function, be-
tween instars (Garéfalo and Rozen Jr 2001), and the distribution of sensillae is high-
ly variable both across and within groups (Rozen 2001; Rozen Jr and Kamel 2006).
Cleptoparasitic larvae are especially interesting, often featuring high numbers of labral
sensillac and unusual integumental modifications (e.g., sharp apical tubercles, setae-
derived spines; Rozen Jr and Kamel 2006; Straka and Bogusch 2007). It may be that
cleptoparasites use their sensillae to locate hosts and competitors, and the broadly flat-
tened labral form of some instars also appears to be used to create a seal on host eggs
during feeding (Alves-dos-Santos et al. 2002). Rozen Jr and Kamel (2006) suggest that
such enlarged forms are also used in conjunction with the mandibles to crush their
opponents. These seemingly antagonistic forms revert to the unmodified type seen in
most non-cleptoparasites, supporting the idea that they are likely involved with the
belligerent life history typical of early-instar cleptoparasites (Baker 1971). Whatever
primary and secondary functions the labrum may serve, it clearly serves purposes in
both adults and larvae.

In light of the functional importance of the labrum and epipharyngeal wall, selec-
tion should strictly regulate their presence and form. Even if these components do
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not serve chemo-sensory functions, the loss of mechano-sensory function could easily
hinder food manipulation (Carreck et al. 2013). The discovery of a deformed adult
bee without a functional labrum was, then, a surprise. Here, we describe an aberrant
specimen of Anthophora (Heliophila) petrophila Cockerell, 1905, compare it to typical
specimens of the genus, and discuss the implications of its labral reduction.

Methods

A single bee specimen with an aberrant labrum was found among the >30,000 An-
thophora that the first author has passed under a microscope. This specimen belongs
to A. petrophila, a xeric bee that is found commonly throughout much of the western
United States. It was collected by PH. Timberlake at Olancha, California on May
20,1927 off of Salix exigua Nuttall 1842, and is held in the University of Califor-
nia, Riverside’s Entomology Research Museum (UCRCENT407176). Many typical
specimens of A. petrophila have also been examined during the first author’s studies
(n>3000), and the epipharyngeal wall’s morphology when dried was also observed
in five specimens (NPIC: BBSL482833, BBSL510382, BBSL510415, BBSL516410,
BBSL918735 from NPIC). Images were taken with a VHX-5000 Digital Microscope.
Terminology follows Michener (2007).

Results

Examination of typical specimens of Anthophora petrophila versus the aberrant speci-
men enabled confirmation of labral reduction, rather than absence (Fig. 2). The dark-
ened clypeal border seen in typical A. petrophila is clearly present in the aberrant speci-
men, surrounding the nozzle-like sclerite which we assert is the reduced labrum. The
absence of other sclerites in this area further supports the homology of this sclerite with
the labrum of typical A. petrophila. The clypeus is correspondingly enlarged, descend-
ing and encircling the labrum as it normally does to a lesser extent, which suggests that
the growth of these two areas may be linked in some way. Notably, in comparison to
normal specimens, this also reduces the protuberance of the deviant’s clypeal rim, and
the deformed labrum is entirely bare of setae.

Upon further examination, it was determined that the epipharyngeal wall was also
greatly reduced. As the aberrant specimen was collected in 1927, it was decided that
internal features would not be examined through dissection, in order to avoid unnec-
essary damage to this apparently unique specimen. Nonetheless, examination of the
inner face of the labrum in five normal, pinned specimens of Anthophora petrophila
confirmed that the epipharyngeal wall would have been distinguishable in the deviant
specimen if it were unmodified.

No additional abnormalities were evident in this specimen, and its body size is
about average for this species, not visibly larger or smaller than other specimens ob-
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Figure 2. The deviant (UCRCENT407176) and normal (NPIC:BBSL506171) labral forms of An-
thophora petraphila: A deviant, 50x magnification B deviant, 200x magnification € normal, 50x magni-
fication D normal, 200x magnification. Scale bars indicate 1000uM (A, C) or 250um (B, D).

served. Consequently, malnutrition during development appears to be an unlikely
cause of this labral deformity. No Strepsiptera or other parasites were evident, suggest-
ing the malformed labrum is also not a result of parasitic growth inhibition (Borowiec
and Salata 2015; Salt 1927).

It is notable that the wings of the specimen are completely intact. Wing wear is a
widely-accepted metric of adult age in bees, based upon activity, and the exceptionally
rapid wingbeats and skillful flight of Anthophora (Heliophila) make this feature espe-
cially useful in this group (Foster and Cartar 2011; Kemp 2000; Michener et al. 1955;
Packer and Knerer 1986). As the specimen was collected on a flower, this cannot be
explained by reduction of musculature or other internal factors that would lead to an
inability to fly and, thereby, preservation of the wings.

Discussion

This deformity is quite rare, as it was only seen in one of >30,000 Anthophora exam-
ined. This could reflect the rarity of labral deformities or suggest that such deformi-
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ties are deleterious. Given the apparent use of the epipharyngeal wall as a seal on the
proboscis, the wall’s reduction should dampen the suction efficiency of the proboscis
(Carreck et al. 2013). Another possibility is that the sensillae present on the labrum are
involved in initiating or modifying food responses, and setal absence could influence
feeding behaviors. It may be that the deviant specimen was unable to feed, or very inef-
ficient at doing so.

Although the direct effects of this deformity are unclear, the lack of wing wear
corroborates potential reduced feeding ability, as the bee must have either emerged
recently or been discouraged from flying by the futility of attempts to eat. The effects
of labrum and epipharyngeal wall reduction could be tested in future studies by using
knockout methods to target genes involved in labrum development and then conduct-
ing comparative observations on the eating behaviors of normal versus deformed bees
(Siemanowski et al. 2015).

Although rarely reported, deviant phenotypes can be useful for exploring devel-
opmental pathways, embryology, and potential evolutionary pathways. Changes to
developmental pathways can result in new phenotypes that have selective advantages.
For example, the facultative polyphenism seen in termite castes is achieved through
manipulations of gene regulation in response to socio-environmental characteristics,
such as the state of the colony (Korb and Hartfelder 2008). In bees, the developmental
fluidity of sex-based characters provides the raw materials on which selective forces can
act. Deviant phenotypes often trade female characters, such as pollen-gathering scopae
and nest-constructing mandibles, for male characters, such as hairlessness and simple
mandibles (Wecislo et al. 2004). Fertile individuals which lack the proper tools to build
and provision their own nests may instead opt for a cleptoparasitic lifestyle and usurp
others’ nests, in lieu of not reproducing. If heritable, such traits could then be passed
to future generations.

Abnormalities in insects are thought to arise from one of four teratogenic pro-
cesses: genetic mutation, malnutrition, disruption of typical developmental pathways
by external, abiotic forces (e.g., temperature changes, chemicals, radiation) or parasit-
ism (Wecislo et al. 2004). Given the absence of evidence for malnutrition, parasitism,
and the fact that bee larval environments are well-shielded from most abiotic factors,
it seems plausible that this aberration is a consequence of mutation. Studies investigat-
ing the heritability of deformities are rare outside of model systems like Drosophila,
but have also been suggested in some studies of ant gyandromorphism and intercastes
(Wheeler 1937), as well as deformities of Tenebrio molitor L. beetles (Steinhaus and
Zeikus 1968). Unfortunately, the rarity of deformed bees makes study of mutation in
the group more difficult.

It is initially surprising that this anomalous specimen survived and successfully
emerged as an adult. This suggests either that the labrum was functional during its
larval stage or that the larva could develop and attain a normal adult body size without
its function. If the labrum were also non-functional in the larva, then this suggests that
the labrum is not necessary for successful larval development in non-parasitic bees.
This may be due to the relatively high effort female bees exert in provisioning their
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nests. As females choose and prepare the entire larval food mass, it may be that larval
decision-making is of negligible importance, and that if there are contaminants (e.g.,
fungi) then the larvae are doomed regardless of labral and epipharyngeal functionality.
However, as we cannot be certain of the developmental stage in which the deformity
arose or the cause of the deformity, our inferences remain limited.

The fact that this specimen is male raises an interesting possibility. If it were female,
and the labrum is indeed needed for successful foraging, it is unlikely that such a fe-
male would have been able to provision her offspring as well as a normal female could.
The energetic costs of foraging and excavation of even a single cell could be too high
for a deformed female, because typical members of this subgenus appear to construct
a single cell over the course of a day, each in cell its own nest (Torchio and Youssef
1968; Torchio 1971; Orr unpublished nest records). As a result, the mutation would
not likely be passed down by a female (if it is indeed genetic). In contrast, a lucky male
may mate quite soon after it has emerged. The sex-biased inheritance patterns that this
and other abnormalities may exhibit could prove to be an interesting area for future
research in bees.

Conclusions

This study describes the novel morphological anomaly of bee labral reduction, while
also reviewing the diversity of labral functions across bees overall. The potential impli-
cations of this aberration are also discussed, including how labrum reduction might
impact feeding ability and whether fitness effects thereof affect life stages and sexes dif-
ferently. Although many studies have focused on gynandromorphism in bees (Michez
etal. 2009, and many others), this is one of relatively few to explore other deformities.
Notably, prior papers have focused primarily on visual or antennal deformities, rather
than aberrations that could impact feeding ability (Alfonsus 1931 [one central com-
pound eye]; Engel et al. 2014 [extra ocelli]; Gibbs 2010 [ocelli reduction and slight
translocation, compound eye enlargement]; Hopwood 2007 [compound eye fusion,
“cyclops’]; Knerer and Atwood 1964 [metanotal anomalies]; Rodeck 1943 [one an-
tenna lost]; Sivik 1962 [antennal segment deformation]).

Descriptive studies such as this are fundamental to bettering our knowledge of
life on Earth. However, such studies seem to have gradually lost their luster in recent
memory (Grimaldi and Engel 2007). It is, nonetheless, vital that we persist in describ-
ing the diversity of life and those aberrant variants which we encounter, as these lines of
inquiry can uncover fundamental processes, developmental pathways, and mechanistic
functions that would otherwise remain obscure. Although new methods will inevitably
arise, descriptive studies and the life history information that they reveal will always
valuable for both directing future research and putting the results of newer methods in
a proper biological context.
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Abstract

Sites containing anthropogenic waste products or dumps are currently treated as refugia by a lot of animal
groups, including ants. In this study the population structure of Myrmica rubra (L.) ants was compared
between habitats containing and lacking anthropogenic waste products. The density of colonies and in-
dividual nests, number of queens and of workers both per colony and per nest, and queen size were ana-
lyzed. Twenty plots with waste products and 20 control (natural) plots (paired, each 10x10m in size) were
established and compared. Results show a significant increase in colony and nest density on the plots with
waste compare to the control plots. However, the number of workers, queens and queen size did not differ
significantly between plot types. Overall number, as well as proportion of polycalic colonies was higher
on plots with waste products. These results suggest that when M. rubra has more potential nest site op-
portunities created by human activity, the density of its colonies increases. Moreover, the anthropogenic
waste product are strongly preferred nest sites for this species on the human-disturbed plots, as only them
were used as nest loci there in contrast to control plots.
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Introduction

Human-origin waste dumps are considered to be potential sources of pollution of wa-
ter, soil and air, and cause the spread of parasites and of invasive animal and plant spe-
cies (Ruzickovd et al. 1996). However, for some groups of animals, these waste dumps
act as refugia (Oro et al. 2013, Baranov4 et al. 2015). Among these animals, important
inhabitants of such sites include ants (Wiezik 2006).

Ants are ecologically very important insects, which have considerable and varied
impacts on ecosystems (Wilson and Holldobler 2005). They are very widespread, abun-
dant and have a great influence on soil formation (Hélldobler and Wilson 1990, Folgar-
ait 1998, Frouz and Jilkov4 2008). Ants also have great adaptive capacity when it comes
to getting food resources. They are rather opportunistic and general predators and can
modify their diet according to available resources (Wilson and Holldobler 2005) and
are also important herbivores (Rico-Gray and Oliveira 2007). Some species become
domestic pests (Klotz et al. 2008), while others play an important role in conservation
biology of other, threatened species of insects, such as butterflies (Buszko 2004).

Although the structure of ant colonies and their response to potential harmful human ac-
tivities has received a lot of attention (e.g. Majer 1983, Krzysztofiak 1991, Petal 1994, Holec
and Frouz 2005), there is no study which would test for the effects of anthropogenic waste
products as potential suitable nest sites on native ant populations to our best knowledge.

Apart from the size of colonies, the ants can react to the environmental factors
such as temperature (Bishop et al. 2016) or latitude (connected with temperature)
(Heinze et al. 2003) also by changing their morphology, including their body size.
Taking this into account, it is good to investigate whether different density and colony
structure may affect ant size.

The aim of the current study was to (a) compare the density of competing colonies,
as well as individual nest density of Myrmica rubra (L.), a locally common ant species
in Central Europe, between places containing and lacking anthropogenic waste prod-
ucts, (b) test if population structure (size of colonies, number of workers and of queens
per colony and per nest) is different between these two habitats and (c) compare the
size of queens from the two habitats in order to detect any tendencies in gyne size re-
lated to potential different densities.

This was based on hypotheses that 1) the density of colonies on plots containing
anthropogenic waste products is higher, as those product can be used as nest sites and 2)
the structure of colonies in both habitats is different (e.g. number of queens or workers,
and the body size of queens, per colony and per nest is lower on control plots).

Materials and methods

Study species

Myrmica rubra is the most ecologically tolerant of all European Myrmica Latr.
(Czechowski et al. 2012). It is found in a variety of habitats, as long as they are at
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least partially humid. The species is also commonly found in anthropogenic habitats
(Czechowski et al. 2012, Radchenko et al. 2004, Radchenko and Elmes 2010), where
it sometimes uses anthropogenic waste products as nest sites (M. Michlewicz, personal
observation). Myrmica rubra forms colonies which are generally polygynous, some-
times polycalic and consist of up to 10,0000 workers (Czechowski et al. 2012). Klotz
et al. (2008) even reported colonies consisting of 20,000 workers and 600 queens.
The number of nests in polycalic colonies of M. rubra can be large and are then called
“super-colonies” (Radchenko and Elmes 2010). Because of this, aggression tests, fol-
lowing Roulston et al. (2003), were carried out to check how many distinct colonies
were present, including possible multi-nest colonies.

Study sites

This study was undertaken in NW Poland in 2014 and 2015. Locations where study
plots were established were divided into two categories: 1) “control” (20 plots) and
2) containing anthropogenic waste products (20 plots). Each plot was, according to
the methods reviewed in Petal and Pisarski (1966), 10x10m in size. Each locality has
one pair of the plots — one control and one plot with waste products, at least 50 me-
tres apart (with a maximum of 57 metres). “Experimental” plots were those consid-
ered suitable for M. rubra and which contained anthropogenic waste products on the
ground (rubbish, empty bottles, cans, tires, clothing, rubble etc.) covering about 1/5
of the plot area (i.e. 20 m?). Natural plots were generally similarincluding vegetation
and soil structure, but lacked any anthropogenic waste products. All plots were humid
grassland with whole area sparsely, but evenly covered with not very high bushes (up
to ca. 3 metres) of several plant species: Salix sp., Pinus sylvestris L., Sambucus nigra L.,
Prunus serotina (Ehrh.). Herbaceous vegetation consist mostly of grasses [mainly Poa
cf. trivialis L. and Elymus repens (L.)], with some herbs present, like Perasites hybridus
(L.), Urtica dioica L., Chelidonium majus L. and others. Each plot with waste products
was previously known to the first author, with a record of that rubbish has been laying
there for at least three years before this study took place. Localizations, coordinates, al-
titude, date of examination as well as general habitat description of each of 20 localities
is available in the Suppl. material 1.

Sampling techniques

Search was made for all nests of M. rubra at each site by the same methods, and in
a similar time for each pair of the plots, to avoid seasonal differences. This species is
relatively easy to identify in the field by an experienced person using a hand lens. In
the field a hand lens with 10x magnification was used. Identification was subsequently
confirmed in the laboratory using a stereomicroscope. Each nest was marked with small
flag on which was written a unique number. Aggression tests were then carried out and
actual colonies were re-marked with numbers if necessary. Aggression tests were carried
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out in the field, using plastic Petri dishes (90 mm in diameter), cleaned with alcohol
after each test. The arenas containing different colonies were marked with different
colors. The assays include 1-1 and 5-5 battles of live worker specimens. Ants presenting
aggressive behavior (biting and/or stinging) were marked as members of different colo-
nies. Each time control test, with members of the same colony, was also carried out, but
no aggressive behavior were observed in these. Whole number of workers from assays
were taken in account when number of workers per colony was estimated. Every colo-
ny/nest was then excavated using a shovel and put on a white sheet (ca. 150x150 cm),
then every ant from the nest was collected using an aspirator and put in a vial (or vials)
containing 75% ethanol. In the laboratory the ants were counted and queens measured.

Measurements

Queen measurements were taken using Zeiss AxioCam MRc 60 N-C 2/3” 0.63x camera
ficted with Zeiss SteREO Lumar.V12 stereomicroscope and AxioVision rel. 4.8 software.
Measurements were taken on the base of photographs using the given software. Mesosoma
length (ML) was measured as a surrogate of body size, as it is strongly correlated with
queen size (Steiner et al. 2006). General aim of taking measurements was to detect any
tendencies in queen size, potentially related to the different nest densities. Sixty queens
from control and 60 from plots with waste products were measured, selected randomly
from the whole number of queens collected from all nests.

Statistical analysis

The results were analyzed using PASW* Statistics 18 and RStudio version 3.2.3 software
(R Core Team 2015). First, Shapiro-Wilk normality test was used to check normality of
distributions of the variables, and because some of them have non-normal distribution
a non-parametric Wilcoxon signed-rank test (comparing the effects among the paired
plots) and Mann-Whitney U-test (comparing the queen size) were used. Chi-square
test was used to compare proportion of polycalic colonies among the two plot kinds.

Results

Colony and nests densities

Total number of 166 colonies (47 on control and 119 on experimental plots) consist-
ing of a total number of 196 nests (53 on control and 143 on experimental plots)
was found. Statistical analysis using a Wilcoxon signed-rank test found a significant
differences between both the number of colonies (Fig. 1A; W = 16, P < 0.00001) and
nests (Fig. 1B; W =13.5, P < 0.00001) between control and plots with waste products.



Anthropogenic waste products as preferred nest sites for Myrmica rubra... 107

Number of nests
6
L

Number of colonies

A o B

T T T T

control with waste products control with waste products

Number of queens per colony
Number of queens per nest

N . c . D

control with waste products control with waste products

2000 2500
L L
2500
I

2000
L

1500
1500
I

1000
1000
I

Number of workers per colony
500
L

500
Number of workers per nest

d — E . __ F

;
control with waste products control with waste products

Figure 1. Variation of measured nest parameters between control plots and plots with waste products
in Myrmica rubra. A colony density (P < 0.0001) B nest density (P < 0.0001) € number of queens per
colony (P = 0.06) D number of queens per nest (P = 0.26) E number of workers per colony (P=0.32)
F number of workers per nest (P = 0.06). Numbers are given as median per plot (per 100 m?), whiskers

of the boxplot represent the range of minimum and maximum values.
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Overall, 26 polycalic colonies was found (5 on control and 21 on experimental plots),
and chi-square test found significant difference in proportion of polycalic colonies
among the two plot kinds (y* = 4.6493, P = 0.03). Minimum number of nests in those
colonies was two, while the maximum was four (one time, on plot with waste prod-
ucts). The mean number of colonies per plot (100 m?) on control areas was 2.35+0.23
(and the mean number of nests 2.65+0.29) and on plots with waste products 5.95+0.4
for colonies and 7.25+0.44 for nests.

Colony structure and size

Number of queens

In total, 1479 queens were sampled (359 from control and 1120 from plots with waste
products). No “microgyne” forms were found in any nest (i.e. recognized by eye). The
difference between number of queens on control and “experimental” plots both per
colony (Fig. 1C) and per nest (Fig. 1D) was statistically insignificant (W = 2269.5, P
= 0.06 and W = 3438.5, P = 0.26, respectively), although there was a tendency of a
higher queen numbers recorded in the plots with waste products. Mean queen number
per colony was 7.6+0.6 (control) and 9.4+0.47 (plot with waste products), and per
nest was 6.8+0.53 (control) and 7.7+0.39 (plot with waste products).

Number of workers

The difference between number of workers both per colony (Fig. 1E) and nest (Fig. 1F)
on both plot types was statistically insignificant (W = 3076, P = 0.32 and W = 2269.5,
P = 0.06), although the numbers were higher on average in the control plots this
time. Mean number of workers per colony on control plots with waste products was
1024.3+85.27 and 937.5+51.35, respectively. Values for nest were 908.3+76.67 (con-
trol) and 769.1+44.82 (plots with waste products).

Queen measurements

The difference in size (based on mesosoma lenght) between queens from control (n =
60) and experimental (n = 60) plots was not statistically significant (Mann-Whitney
U-test, Z = — 0.19, P = 0.8493) (Fig. 2). Mean size of ML of measured queens was
2.02+0.01 mm on control and 2.05+0.01 mm on plots with waste products.

Nest sites

Interestingly, on plots with waste products only these microhabitats were used as nest
sites by ants. These include: empty bottles (both plastic and glass) and cans, jars, tires,
clothing, bricks with holes, old carpets, plastic carrier bags, other pieces of metal or
plastic, often partially covered with wet soil. On control plots M. rubra nests were
always found in clumps of grass and/or under rocks or pieces of wood, but those mi-
crohabitats were not occupied by the species in plots with the waste.
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Figure 2. Variation in median queen size (mesosoma length in mm) between control plots and plots
with waste products in Myrmica rubra. Difference is statistically insignificant. Whiskers of the boxplot
represents the range of minimum and maximum values.

Discussion

Previous studies show that in suitable humid grassland ecosystems the density of M.
rubra nests is limited more by the number of appropriate nest sites than by the avail-
ability of food resources. When one nest site is, for some reason, abandoned by one
colony, it is quickly recolonized by another of (in most cases) the same Myrmica species
(Radchenko and Elmes 2010).

Concerning densities of M. rubra, only grassland habitats with no substantial vol-
ume of waste products have been studied before (e.g. Parapura and Pisarski 1971, Petal
1980, Seppi and Walin 1996, Radchenko and Elmes 2010 and references therein,
Huszdr et al. 2014). Our effort is, to our knowledge, hence the first comparing nest
and colonies densities, as well as workers and queens numbers (and size of the lat-
ter), on plots with and without anthropogenic waste product in order to investigate,
whether those pieces of rubbish may be used by ants as nest sites and affect their
populations. We showed, that anthropogenic waste products (listed in Results) can act
as preferred nest loci. On plots with high level of anthropogenic waste products, only
those are used as nest sites. However, increase of food resources (especially a higher
quantity of small invertebrates there) may also probably affect the establishment and
survival of the ant colonies in habitats with anthropogenic waste products (M. Michle-
wicz, personal observation), although we did not measure these parameters in our
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plots. Among studied variables, only number of colonies and number of nests on both
plot types showed significant differences. Previous studies, also conducted in Poland
(Czechowski et al. 2012 and references therein) showed, that densities of M. rubra
nests vary greatly depending on habitat type. Therefore, it is crucial to properly choose
both “experimental” and control plot within the same habitat and time to control, also
for microenvironmental and seasonal characteristics, as done in this study.

To our knowledge, highest density of M. rubra in Poland was reported in the
Carpathian alder forest in Pieniny National Park and equals 100 nests per 100 m?
(Czechowska 1976). Some other studies also report rather high densities, e.g. 26.0
(Parapura and Pisarski 1971), 20.5 + 19.3 (Babik et al. 2009) and 20.0 (Czechows-
ki 1985). Although, some studies did not show such high densities, e.g. 1.0+£0.31
(mean+SD) (Rzeszowski et al. 2013), 6.0 (Czechowski et al. 1990), 0.05, 3.0 and 14.0
(Pgtal 1980) (all given in number of nests per 100 m?). Despite the fact that our results
from plots with waste products (mean 7.25+0.44 nests/100 m?) are not as high as some
literature data, this density significantly varies from results from control plots (mean
2.65£0.29 nests/100 m?). Notably, the “control-experimental” plot pairs were chosen
in the very similar habitats (see Suppl. material 1), but only waste products were used
as nest sites in the latter plots. This is a strong evidence that the increased nest and
colony densities observed here were caused by the human-deposited waste, and that M.
rubra ants prefer these waste products as nest sites, whenever available.

As some studies document, number of queens both per colony and per nest, as well
as number of workers can also widely differ in Myrmica ants. Seppd and Walin (1996)
report colonies consisting of mean number of 7.56 queens and 961-828 workers.
Elmes (1980) reports mean number of 15.89 queens per colony and Elmes and Petal
(1990) write about overall number of workers per colony between 1,000 and 2,000.
Our results on both worker and queen numbers fit those ranges. However, differences
in those numbers between both plot types were insignificant. This might indicate, that
living in higher densities makes M. rubra ants more tolerant to other colonies of the
same species, but those colonies does not have to be necessary smaller (both in respect
the number of workers and queens). This is in agreement with our observation of also
more polycalic colonies to be established on the plots with waste products, as those
colonies act behaviorally and ecologically as a single nest.

Differences in queen size between the two plot types were not statistically sig-
nificant. Similar results were found by Huszdr et al. (2014). This shows that living
at higher density probably does not necessarily lead to changes in gyne morphology.
Moreover, no “microgyne” form queens were found during the study process. How-
ever, although the queen size did not differ, there was slight tendency (insignificant) to
a higher number of queens but lower number of workers per nest in the plots contain-
ing waste, which is in agreement with strategy of the ants to invest more to sexuals and
to establishment of the new nest satellites, where enough “empty” nest sites is available
(Oster and Wilson 1978, Poitrineau et al. 2009).

Some research showed, that where M. rubra forms polycalic nest systems, the num-
ber of other species of ants is significantly lower (Sepp4 and Pamilo 1995, Seppd and
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Walin 1996, Huszir et al. 2014). Future studies are needed to test if similar results
will be found on habitats where M. rubra live in higher density because of presence of
anthropogenic waste products and consider also the effects of its population increase
on the other ant species. Such further insight is needed given the ongoing damage of
the natural environments by humans, which can influence, however, positively some
insect populations, as demonstrated here for the case of M. rubra and waste products.
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Abstract

A new species of Aphelopus Dalman is described from Thailand, Sakon Nakhon: A. fuscoflavus sp. n. Mot-
phologically the new species is similar to A. zonalis Xu, Olmi & He, 2013, known from China, Hainan,
but it is clearly different in having the basivolsella fused with the paramere, while the basivolsella is not
fused with the paramere in A. zonalis. Published identification keys to the Oriental species of Aphelopus
are modified to include the new species.

Keywords
Aphelopinae, Aphelopus, new species, Oriental region, key, Thailand

Introduction

Dryinidae (Hymenoptera, Chrysidoidea) are parasitoids of leathoppers, planthoppers
and treechoppers (Hemiptera, Auchenorrhyncha) (Guglielmino and Virla 1998; Gug-
lielmino and Biickle 2003, 2010; Guglielmino et al. 2006, 2013, 2015). Aphelopus
Dalman, 1823 is a genus that is present in all zoogeographical regions (Olmi 1984;
Xu et al. 2013; Olmi and Virla 2014; Olmi and Xu 2015). In total 78 species have
been described from all continents (Olmi and Xu 2015) and the genus was revised at

Copyright Adalgisa Guglielmino et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution,and reproduction in any medium, provided the original author and source are credited.
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world level by Olmi (1984, 1991) and in the Oriental, Neotropical and Eastern Pal-
aearctic regions by Xu et al. (2013), Olmi and Virla (2014) and Olmi and Xu (2015),
respectively. The species of Aphelopus inhabiting the Oriental region have been recently
studied by Xu et al. (2013); they listed 31 species in total.

Aphelopus species are parasitoids of leathoppers belonging to Typhlocybinae (Ci-
cadellidae) (Guglielmino et al. 2013). Contrarily to almost all dryinids, females of Ap-
helopus do not have chelae and do not feed on their hosts; they grasp the body of their
hosts between the two fore legs, with or without the help of their mandibles (Olmi
1984, 1994).

In 2016 we examined additional specimens of Aphelopus from Thailand and dis-
covered a new species described in this paper.

Materials and methods

The descriptions follow the terminology used by Olmi (1984) and Xu et al. (2013). The
measurements reported are relative, except for the total length (head to abdominal tip,
without the antennae), which is expressed in millimetres. The following abbreviations
are used in the descriptions: POL is the distance between the inner edges of the two lat-
eral ocelli; OL is the distance between the inner edges of a lateral ocellus and the median
ocellus; OOL is the distance from the outer edge of a lateral ocellus to the compound
eye; OPL is the distance from the posterior edge of a lateral ocellus to the occipital ca-
rina; TL is the distance from the posterior edge of an eye to the occipital carina.

The term “metapectal-propodeal complex” is here used in the sense of Kawada
etal. (2015). It corresponds to the term “propodeum” sezsu Olmi (1984, 1994), Olmi
and Virla (2014), Olmi and Xu (2015) and Xu et al. (2013). The term “ADQO’s” is
here used in the sense of Riolo et al. (2016). It corresponds to the term “rhinaria” sensu
Olmi (1984, 1994), Olmi and Virla (2014), Olmi and Xu (2015) and Xu et al. (2013).

The types of all Oriental species of Aphelopus have been previously examined by
the authors.

The type specimen described in this paper is deposited in the collection of the
Queen Sirikit Botanic Garden, Chiang Mai, Thailand (QSBG).

Results

Genus Aphelopus Dalman, 1823

Aphelopus Dalman, 1823: 8. Type species: Dryinus atratus Dalman, 1823, by subse-
quent designation of Westwood (1839).

Diagnosis. Female: Fully winged; epistomal suture not touching antennal toruli; oc-
cipital carina complete; antenna without ADO’s; palpal formula 5/2; forewing with cos-
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tal cell enclosed by pigmented veins, with pterostigma; stigmal vein long and regularly
curved; course of forewing veins not marked by dark stripes; hind wing hyaline, with
costal cell, without dark medial longitudinal stripe; protarsus not chelate; tibial spurs
1/1/2. Male: fully winged; epistomal suture not touching antennal toruli; occipital carina
complete; palpal formula 5/2; forewing with costal cell enclosed by pigmented veins,
with pterostigma; stigmal vein long and regularly curved; course of forewing veins not
marked by dark stripes; hind wing hyaline, with costal cell, without dark medial longi-
tudinal stripe; basivolsella situated completely below distivolsella apex; tibial spurs 1/1/2.

Apbhelopus fuscoflavus sp. n.
http://zoobank.org/FF150F3A-F60D-4702-B992-08DE179813E9

Figs 1-3

Diagnosis. Male with antenna filiform; head testaceous, except large brown spot on
vertex; mesosoma testaceous, except area of scutum between notauli darkened, scutel-
lum and metanotum brown, metapectal-propodeal complex black; notauli complete,
posteriorly separated; basivolsella with one subdistal bristle, fused with paramere.

Description. Male. Fully winged (Fig. 1). Length 1.7 mm. Head testaceous, except
large brown spot on vertex. Antenna yellow, except segments 4-10 darkened. Mesoso-
ma testaceous, except area of scutum between notauli darkened, scutellum and metano-
tum brown, metapectal-propodeal complex black. Metasoma brown. Legs yellow. An-
tenna filiform. Antennal segments in following proportions: 3:3:4:4:5:6:6:6:6:9. Head
dull, granulated. Frontal line incomplete, present in anterior half of face. Occipital
carina complete. POL = 7; OL = 3; OOL = 2; OPL = 2.5; TL = 2; greatest breadth of
posterior ocelli shorter than OL (2:3). Scutum, scutellum and metanotum dull, gran-
ulated. Notauli complete, posteriorly separated; minimum distance between notauli
longer than greatest breadth of posterior ocelli (3:2). Metapectal-propodeal complex
with dorsal surface (i.e. metapostnotum) dull, reticulate rugose; posterior surface (i.e.
first abdominal tergum) reticulate rugose, with median area shiny, unsculptured. Fore-
wing hyaline, without dark transverse bands. Basivolsella (Fig. 2) fused with paramere
and with one subdistal bristle. Tibial spurs 1/1/2.

Female. Unknown.

Material examined. Holotype: male, Thailand, Sakon Nakhon Province, Phu
Phan National Park, Nam Hom Waterfall, Sao Hi, 17°07.340'N 104°20.788'E, 344
m, 25-31.111.2007,Malaise trap, T2377, Sailom Tongboonchai leg. (QSBG).

Hosts. Unknown.

Etymology. The name fuscoflavus derives from the Latin adjectives “fuscus” (dark)
and “flavus” (yellow), because of the partly testaceous and partly brown colour.

Remarks. Because of the head testaceous, except large brown spot on vertex, the
mesosoma partly testaceous and partly brown, the complete notauli, the basivolsella
with one subdistal bristle, the new species is similar to Aphelopus zonalis Xu, Olmi &
He, 2013, described from China, Hainan. The main difference between A. fuscoflavus
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Figure 1. Aphelopus fuscoflavus sp. n.: male holotype in dorsal view. Length 1.7 mm.

and A. zonalis is centered on the structure of the basivolsella; fused with the paramere
(Fig. 2) in A. fuscoflavus, not fused in A. zonalis (Fig. 3). In the key to the males of
the Oriental Aphelopus species published by Xu et al. (2013), the new species can be
included by replacing couplets 14 as follows:

W

N

Mesosoma and metasoma totally testaceous, except petiole black..................
...................................................................................... A. borneanus Olmi

Mesosoma and metasoma partly or totally black or brown..........ccocccceee. 2
Head testaceous, at most with ocellar region, or vertex, or part of face dark-
ENIEA ettt e ettt e e et e e e te e aeeeareenaaeens 3
Head mostly or totally black or brown........ccocceveuciniinicnncinicnecn, 8
Notauli absent ........ccccoeeeiiiiiiiiiiiiiiiii A. maculiceps Bergman
INOTAUL dISTINCE 1eeuviieiiiieiie ettt et 4
Basivolsella with one subdistal bristle (Figs 2, 3) .....ccooeeiivinninciiins 4
Basivolsella with two subdistal bristles ...........cccveeievviivieeieiieeecee e, 5

Basivolsella not fused with paramere (Fig. 3) ..... A. zonalis Xu, Olmi & He
Basivolsella fused with paramere (Fig. 2).......ccccoeuvuneeee. A. fuscoflavus sp. n.
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Figures 2-3. Male genitalia, holotypes, left half removed. 2 Aphelopus fuscoflavus sp. n. 3 A. zonalis Xu,
Olmi & He, 2013 (from Xu et al. 2013) (b = basivolsella; d = distivolsella; p = paramere). Scale bars =
0.09 mm (2), 0.10 mm (3).

Conclusion

Xu et al. (2013) recorded 71 species of Dryinidae from Thailand. Subsequently, Olmi
etal. (2015) added an additional species: Anteon huettingeri Olmi, Xu & Guglielmino,
2015. Dryinidae of Thailand belong to the following genera: Aphelopus Dalman, 1823
(seven species), Crovettia Olmi, 1984 (one species), Anteon Jurine, 1807 (27 species),
Deinodryinus Perkins, 1907 (two species), Bocchus Ashmead, 1893 (three species),
Thaumatodryinus Perkins, 1905 (two species), Dryinus Latreille, 1804 (13 species),
Pseudodryinus Olmi, 1991 (one species), Neodryinus Perkins, 1905 (five species), Ech-
throdelphax Perkins, 1903 (three species), Haplogonatopus Perkins, 1905 (one species)
and Gonaropus Ljungh, 1810 (seven species). With the description of the above new
species the number of species now known from Thailand is 73.

In comparison with the 193 species recorded in China by He and Xu (2002) and
the 62 and 40 listed respectively in India and Laos (Xu et al. 2013), the dryinid fauna
of Thailand is poorly known. Some genera such as Gonatopus (with only seven species
listed) are clearly understudied.

However, the dryinids of Thailand will be better understood in the future. In fact,
during the three year period 2006-2009, an intensive survey of the terrestrial arthro-
pod fauna of Thailand was conducted by the Queen Sirikit Botanic Garden, The Thai
Forestry Group, The Hymenoptera Institute and The Natural History Museum of
Los Angeles County (TIGER: Thailand Inventory Group for Entomological Research,
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coordinated by Michael Sharkey) (http://sharkeylab.org/tiger/). This survey resulted
in the collection of about 5000 specimens of Dryinidae, which are actually in study in
the authors’ laboratories. The new species described herein is one of the first results of
this study.
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Abstract

Nipponopius glabricaudatus sp. n. from Shaanxi and Ningxia (NW China) is described and illustrated
(Hymenoptera: Braconidae: Opiinae). A key to the species of Nipponopius Fischer, 1963, is added and
for the first time the male is described and illustrated. The genus is reported for the second time from
outside Japan and is new for China. The position of Nipponopius Fischer is discussed and it is accepted

as a valid genus.

Keywords
Braconidae, Opiinae, Nipponopius, new species, Palacarctic, China, Shaanxi, Ningxia, Japan

Introduction

Nipponopius Fischer, 1963, belongs to the large subfamily Opiinae (Hymenoptera, Bra-
conidae), with 2,063 valid species in 39 genera according to Yu et al. (2016). It is a
common group containing generally small (2-5 mm) parasitoid wasps, but Nippono-
pius Fischer is rarely collected. Opiinae occur worldwide and the world fauna has been

reviewed by Fischer (1972, 1977, 1986, 1987). Wharton (1988, 1997), van Achterberg
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(1997, 2004a, 2004b), van Achterberg and Salvo (1997), van Achterberg and Chen
(2004) and Tan et al. (2016) published updates or some additions for the existing keys
to the genera of the Opiinae, but the number of genera and the limits of several genera
remain still a matter of discussion.

Wharton (1997) synonymised the monotypic genus Nipponopius Fischer with
Utetes Foerster, 1863, because both share the curved basal carinula at the inner side of
the hind tibia. We disagree with including all opine species with this character into one
large genus Utetes Foerster s.l. The resulting group is too diverse and provisional DNA
data show that probably several lineages are involved (Li et al. 2013). The morphology
of Nipponopius Fischer differs distinctly from that of Uretes Foerster s.s.; best exempli-
fied by the morphology of the hind leg, the position of the dorsope of the first meta-
somal tergite and the incised female hypopygium. Therefore, we concur with Tobias
(2000) that Nipponopius Fischer should be treated as a separate genus.

Nipponopius can be recognised from all other opiines by the aberrant legs of both
sexes (hind coxa ventrally angularly produced (Figs 9, 19, 20), the second-fourth tarsal
segments very robust (Figs 8, 15, 17, 18), the telotarsi enlarged (Figs 8, 15, 17) but less
so in males (Fig. 18) and the deeply incised hypopygium of females (Figs 13, 14, 17).

Nothing is known about the biology of Nipponopius species, but all Opiinae are
solitary koinobiont endoparasitoids of larvae of cyclorraphous Diptera. The oviposi-
tion may take place in the egg of the host (ovo-larval parasitoid) or in an early instar
larva. The parasitoid larva has it final development when the host larva made its pupar-
ium and the adult emerges from this puparium. Opiinae may play an important role in
the control of dipterous pests as fruit-infesting Tephritidae and mining Agromyzidae.

Material and methods

The specimens were collected by using a sweep net and directly killed and preserved
in 70% alcohol. The specimens were chemically treated with a mixture of xylene +
alcohol 96% and amyl acetate, respectively (AXA-method; van Achterberg 2009; van
Achterberg et al. 2010). For identification of the subfamily Opiinae, see van Achter-
berg (1990, 1993), for identification of Nipponopius Fischer, see Fischer (1972) and
the diagnosis in this paper, for references to the Opiinae, see Yu et al. (2016) and for
the terminology used in this paper, see van Achterberg (1988, 1993). Measurements
are taken as indicated by van Achterberg (1988): for the length and the width of a body
part the maximum length and width is taken, unless otherwise indicated. The length of
the mesosoma is measured from the anterior border of the mesoscutum till the apex of
the propodeum and of the first tergite from the posterior border of the adductor till the
medio-posterior margin of the tergite. Observations and descriptions were made with
an Olympus SZX11 stereomicroscope and fluorescent lamps. Photographic images
were made with the Keyence VHX-5000 digital microscope. The examined specimens
are deposited in the American Entomological Institute, Gainesville, USA (AEI) and in
the College of Life Sciences, Northwest University, Xi’an, China (NWUX).
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Systematics

Nipponopius Fischer, 1963
Figures 1-41

Nipponopius Fischer, 1963: 283, 1972b: 481; Tobias, 1998: 563. Type species (by
monotypy): Nipponopius incisus Fischer, 1963 [examined].

Diagnosis. Hind tibia with basal carinula (Fig. 41); mandible triangular with two
subequal teeth and hardly twisted, without or a weak ventral carina (Figs 10, 26, 36);
apex of antenna with distinct spine (Figs 16, 30, 40); mesopleuron with one groove (=
precoxal sulcus) and sternaulus absent (Figs 5, 22, 32); postpectal carina absent; vein
CU1D of fore wing as long as vein 3-CU1 (Fig. 1) or somewhat shorter (Figs 17, 31);
first subdiscal cell of fore wing distinctly widened apically; vein m-cu of fore wing con-
verging to vein 1-M posteriorly and vein 1-M curved (Figs 1, 17, 31); vein 1-SR+M
distinctly sinuate; hind coxa submedially angularly produced ventrally (Figs 5, 9, 19,
20); second-fourth tarsal segments of ¢ very robust (Figs 8, 17, 25), but less of &
(Figs 18, 35); telotarsi and arolium enlarged (Figs 8, 15, 17, 18); dorsope rather small,
removed from lateral margin of first tergite (Figs 7, 23, 34); hypopygium of @ large,
strongly sclerotized parts deeply incised (Figs 13, 14, 25), basally punctate, laterally
and apico-medially with membranous parts.

Notes. According to Wharton (1997) Nipponopius Fischer is a junior synonym of
Utetes Foerster, 1863, because of the possession of the hind tibial carinula. We agree
with Tobias (2000) that Nipponopius deserves a separate status, not the least because
of the presence of a rather small dorsope removed from the lateral margin of the first
tergite (Figs 7, 23, 34), the angularly protruding hind coxa ventrally (Figs 8, 9, 19, 20)
and the long vein CU1b of fore wing combined with apically widened first subdiscal
cell (Fig. 1), features absent in Uteres Foerster s.s.

Biology. Unknown.

Distribution. East Palacarctic: Japan, Far East Russia, China. Two species.

Key to species of the genus Nipponopius Fischer

1 Anterior tentorial pits rather large (Figs 26, 36); precoxal sulcus remain far
removed from anterior margin of mesopleuron (Figs 22, 32) and remainder of
mesopleuron smooth antero-dorsally; ovipositor sheath glabrous apically (Fig.
25); vein CU1b of fore wing shorter than vein 3-CU1 (Figs 21, 31); first meta-
somal tergite largely smooth (Figs 23, 24, 34) ........... N. glabricaudatus sp. n.

- Anterior tentorial pits small (Fig. 2); precoxal sulcus reaching anterior margin
of mesopleuron (Fig. 5) and mesopleuron partly crenulate antero-dorsally;
ovipositor sheath distinctly setose apically (Fig. 5); vein CU1b of fore wing
as long as vein 3-CU1 (Fig. 1); first tergite rather finely punctate-rugose
(Fig. 7) et N. incisus Fischer, 1963
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Figures 1-16. Nipponopius incisus Fischer, ¢, holotype. | wings 2 head anterior 3 head dorsal 4 an-
tenna 5 habitus lateral 6 mesosoma dorsal 7 first metasomal tergite dorsal 8 hind leg lateral 9 hind coxa
lateral 10 mandible and occipital carina latero-ventral I'l fore tibial spur 12 outer hind claw lateral 13 hy-
popygium lateral 14 hypopygium ventral 15 hind tarsus dorsal 16 apical segments of antenna.
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Nipponopius glabricaudatus Zhou & van Achterberg, sp. n.
http://zoobank.org/0899D6C7-24E8-4206-9B76-148601 CF4CE9
Figures 17-41

Type material. Holotype, @ (NWUX), “NW. China: Ningxia, Jingyuan, Mt. Liupan,
Erlonghe For[estry] Farm, 23°24'N 106°20'E, c. 1800 m, 2.viii.2015, Jiangli Tan”.
Paratype: 1 & (NWUX), “NW. China: Shaanxi, Ningshan, Mt. Qin, Xunyangba,
33°33'N, 108°32'E, c. 1300 m, vii.2014, Jiangli Tan”.

Diagnosis. Very similar to the only other known species, N. incisus Fischer, but
differs especially by the large anterior tentorial pits, the reduced precoxal sulcus, the
shorter vein CU1b of fore wing and the apically glabrous ovipositor sheath.

Description. Holotype, @, length of body 3.1 mm; of fore wing 4.0 mm.

Head. Head slightly transverse, width 1.8 times its median length in dorsal view
and temple directly narrowed behind eyes (Fig. 27); antenna with 40 segments, 1.1
times as long as fore wing, third segment 1.3 times as long as fourth segment, length
of third, fourth and penultimate segments 1.7, 1.5 and 1.8 times their width, respec-
tively (Figs 29, 30); maxillary palp as long as height of head; labial palp segments slen-
der; occipital carina far separated from hypostomal carina and carina dorsally absent;
hypostomal carina wide, protruding (Fig. 28); length of eye in dorsal view 2.7 times
temple; temple and vertex sparsely punctate and with long setae; stemmaticum weakly
convex, with small depression behind stemmaticum; OOL: diameter of ocellus: POL =
28:10:11; frons distinctly depressed behind antennal sockets, glabrous medially, finely
punctate and setose laterally; face punctate, medially elevated (Figs 26, 27), extending
as a median carina to level of posterior margin of antennal sockets; width of clypeus
3.0 times its maximum height and 0.6 times width of face; anterior tentorial pits rather
large (Fig. 26); clypeus moderately convex, punctate and protruding, ventrally slightly
curved and thin; hypoclypeal depression narrow (Figs 26, 28); malar suture largely
absent; length of malar space 0.5 times basal width of mandible; mandible triangular
and with narrow ventral carina (Fig. 28).

Mesosoma. Mesosoma 1.3 times longer than high; dorsal pronope large, ellipti-
cal (Fig. 27); pronotal side smooth, only anteriorly and postero-ventrally crenulated
(Fig. 22); epicnemial area largely smooth except anterior margin shortly crenulate;
precoxal sulcus remain far removed from anterior margin of mesopleuron, moderately
wide and distinctly crenulate (Fig. 23); remainder of mesopleuron mostly smooth; epis-
ternal scrobe large; pleural sulcus only ventrally finely crenulate (Fig. 22); mesosternal
sulcus medium-sized and moderately crenulate, posteriorly smooth; anterior metapleural
sulcus crenulate and widened ventrally (Fig. 22), metapleuron largely smooth dorsally,
but coarsely reticulate ventrally (Fig. 22); notauli short, crenulated anteriorly and absent
posteriorly; medio-posterior depression of mesoscutum long and narrow elliptical; lat-
eral lobes of mesoscutum mostly glabrous, smooth and shiny, with few setae at middle
lobe and near notauli; scutellar sulcus deep and with 3 distinct longitudinal carinae, 0.2
times as long as scutellum; scutellum convex, largely smooth except some punctures and
with few setae; side of scutellum smooth except some crenulation (Fig. 23); metanotum
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Figures 17-20. Nipponopius glabricaudatus sp. n., @, holotype, but 18 and 20 of a3, paratype.
17, 18 habitus lateral 19, 20 hind coxa lateral (arrow pointing to coxal protuberance).

smooth except posterior margin shortly crenulate; dorsal surface of propodeum short,
punctate-rugose, and with a short medio-longitudinal carina connected to an irregular
transverse carina, its posterior surface largely punctate-reticulate (Fig. 23).

Wings. Fore wing: pterostigma elliptical; vein r issued just before middle of ptero-
stigma (Fig. 21); r:2-SR:3-SR:SR1 = 3:15:21:36; SR1 slightly curved;1-CU1:2-CU1 =
1:6; CU1Db shorter than 3-CU1; m-cu postfurcal;1-CU1 hardly widened. Hind wing:
M+CU:1-M:1r-m = 21:21:14; cu-a straight (Fig. 21).
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Figures 21-30. Nipponopius glabricandatus sp. n., @, holotype. 21 wings 22 mesosoma lateral 23 meso-
soma and first metasomal tergite dorsal 24 metasoma dorsal 25 legs and hypopygium antero-ventral
26 head anterior 27 head dorsal 28 head lateral 29 basal antennal segments 30 apical antennal segments.
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NP

Figures 31-41. Nipponopius glabricaudatus sp. n., 3, paratype. 31 wings 32 mesosoma and first meta-
somal tergite lateral 33 id. dorsal 34 metasoma dorsal 35 legs antero-ventral 36 head anterior 37 head
dorsal 38 head lateral 39 basal antennal segments 40 apical antennal segments 41 inner side of hind tibia
lateral (arrow pointing to carinula).
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Legs. Hind coxa smooth, with long setae, and distinctly protruding ventro-medi-
ally (Figs 19, 25); femora widened (Fig. 25); carinula of hind tibia long, sinuate and
area behind it largely glabrous (Fig. 41); tarsal claws medium-sized (Fig. 25); length of
femur, tibia and basitarsus of hind leg 2.7, 4.6 and 2.0 times their width, respectively.

Metasoma. Length of first metasomal tergite 1.1 times its apical width, its surface
evenly convex, shiny, largely smooth, with dorsal carinae converging basally and par-
allel extending to its posterior half (Figs 23, 24), with laterope large and deep (Fig.
22); second suture obsolescent; second to sixth tergites smooth and sparsely setose
posteriorly; combined length of second and third tergites 0.4 times total length of
metasoma (Fig. 24); ovipositor sheath glabrous, sheath 0.16 times as long as fore wing
and 0.6 times as long as hind tibia (Fig. 25).

Colour. Irregularly dark brown or brown; mandible (except dark brown api-
ces), palpi, tegulae and legs yellow; wing membrane subhyaline; veins M+CU1 and
C+SC+R of both wings partly pale yellowish.

Male. Fore wing length 3.7 mm, body length 4.1 mm (Fig. 18). Antenna with 47
segments; mesosternal sulcus medium-sized and completely crenulated; propodeum
strongly sculptured, its dorsal surface areolate and reticulate posteriorly (Figs 33, 34);
hind coxa with a relatively small protuberance ventro-medially (Fig. 20); hind femur
and tibia less robust, with its length 3.4 times and 6.5 times their width, respectively
(Fig. 35); first metasomal tergite distinctly convex, with relatively strong rugae between
dorsal carina anteriorly (Figs 33, 34) and laterope deep (Fig. 32); body generally black
or blackish brown, but mandible (except dark apices), palpi, tegulae and legs pale yel-
low (Figs 18, 35).

Distribution. China (Ningxia, Shaanxi).

Etymology. The name is derived from “glaber” (Latin for “hairless”) and “cauda”
(Latin for “tail”), because of the glabrous ovipositor sheath of the holotype.

Nipponopius incisus Fischer, 1963
Figures 1-16

Nipponopius incisus Fischer, 1963: 283, 1972b: 481; Tobias, 1998: 563.

Type material. Holotype, @ (AEI), “Kami Kochi, Jap[an], 24.vii.1954, Townes Fam-
ily”, “Holotype”, “Nipponopius incisus n. sp., @, det. Fischer”, “Type No. 260", “Nip-
ponopius incisus Fischer, Type”.

Diagnosis. For the differences see the key to species and the diagnosis of V. glabri-
caudatus sp. n.

Redescription. Holotype, @, length of body 4.3 mm; of fore wing 4.8 mm.

Head. Temple gradually narrowed behind eyes (Fig. 3); antenna with 41 segments,
1.1 times as long as fore wing, third segment 1.2 times as long as fourth segment,

length of third, fourth and penultimate segments 2.2, 1.8 and 1.3 times their width,
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respectively (Figs 4, 16); maxillary palp as long as height of head; labial palp segments
slender; occipital carina far separated from hypostomal carina and carina dorsally ab-
sent; hypostomal carina wide, protruding (Figs 5, 10); length of eye in dorsal view 1.4
times temple; temple and vertex sparsely punctate and with long setae; stemmaticum
weakly convex, with small depression behind stemmaticum (Fig. 3); OOL: diameter
of ocellus: POL = 25:8:10; frons distinctly depressed behind antennal sockets, gla-
brous medially, punctulate and setose laterally, with two deep pits in front of anterior
ocellus (Fig. 3); face punctulate, medially elevated (Fig. 2), extending as a median
carina to level of posterior margin of antennal sockets; width of clypeus 4.0 times its
maximum height and 0.7 times width of face; anterior tentorial pits small (Fig. 2); cly-
peus moderately convex, punctate and protruding, ventrally slightly curved and thin;
hypoclypeal depression narrow (Fig. 2); malar suture curved, deep and short; length of
malar space 0.7 times basal width of mandible; mandible triangular and with narrow
ventral carina (Figs 5, 10).

Mesosoma 1.3 times longer than high; dorsal pronope absent, except for transverse
groove; pronotal side smooth, only oblique groove and posteriorly crenulated (Fig. 5);
epicnemial area and mesopleuron dorsally narrowly crenulate; precoxal sulcus reach-
ing anterior margin of mesopleuron, moderately wide and distinctly crenulate (Fig.
5); remainder of mesopleuron mostly smooth; episternal scrobe large; pleural sulcus
largely smooth (Fig. 5); anterior metapleural sulcus crenulate and widened ventrally
(Fig. 5), metapleuron largely smooth dorsally, except rugosity ventrally (Fig. 5); no-
tauli short, finely crenulated anteriorly and absent posteriorly; medio-posterior depres-
sion of mesoscutum long and narrow droplet-shaped; lateral lobes of mesoscutum
mostly glabrous, smooth and shiny, with few setae at middle lobe and near notauli;
scutellar sulcus deep and with 6 distinct longitudinal carinae, 0.2 times as long as
scutellum; scutellum convex, largely smooth and with few setae; side of scutellum
smooth except some indistinct crenulation (Fig. 6); metanotum largely smooth but
posterior margin narrowly crenulate; dorsal surface of propodeum coarsely reticulate,
and without medio-longitudinal or transverse carinae, its posterior surface hardly dif-
ferentiated (Fig. 5).

Wings. Fore wing: pterostigma elliptical; M+CU1 entirely sclerotized; 1-SR long; r
issued just before middle of pterostigma (Fig. 1); r:2-SR:3-SR:SR1 = 3:14:23:41; SR1
straight;1-CU1:2-CU1 = 2:15; CU1b equal to 3-CU1; m-cu postfurcal;1-CU1 hardly
widened. Hind wing: M+CU:1-M:1r-m = 21:21:14; cu-a straight (Fig. 1).

Legs. Hind coxa smooth, with long setae, and angularly protruding ventro-medially
(Figs 8, 9); femora widened; tarsal claws robust basally and slender apically (Fig. 12);
length of femur, tibia and basitarsus of hind leg 2.6, 5.6 and 2.0 times their width,
respectively.

Metasoma. Length of first metasomal tergite 1.1 times its apical width, medially
strongly convex, shiny, rather finely punctate-rugose, with dorsal carinae only near
dorsope, and with laterope deep and elliptical (Fig. 5); second suture obsolescent;
second to sixth tergites smooth and their apical half setose; combined length of second
and third tergites 0.4 times total length of metasoma (Fig. 5); apical third of ovipositor
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sheath distinctly setose, sheath 0.18 times as long as fore wing and 0.8 times as long as
hind tibia (Figs 5, 8).

Colour. Black; palpi pale yellowish, mandible (except dark brown apices), clypeus,
scapus ventrally, annellus, inner orbits above level of antennal sockets, tegulae largely
(humeral plate partly dark brown) and legs yellowish-brown; face, temple, metasoma
(except first tergite), pterostigma and veins dark brown; wing membrane subhyaline.

Distribution. Japan (Honshu, including garden of Imperial Palace in Tokyo;
Konishi and Maet6 2000), Far East Russia (Sakhalin oblast).
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Abstract
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Introduction

The genus Coeliniaspis Fischer, 2010 (Hymenoptera, Braconidae, Alysiinae, Dac-
nusini) is a monotypic genus described from Cambodia, with C. kohkongensis Fischer,
2010, as type species. According to Griffith’s (1964) diagnosis, this genus belongs to
the Coelinius genus-group. Its biology is unknown, but related genera contain (ovo-)
larval parasitoids of Chloropidae (Diptera).

Coeliniaspis is reported here for the first time from China and Far Eastern Russia;
it is also the first record outside Cambodia. The species found in China, C. insularis
comb. n., is redescribed and illustrated. Keys to the genera of Coelinius genus-group
and the species of Coeliniaspis Fischer are provided.

Material and methods

The Chinese specimens were collected in Fujian (southeast China) by sweep-netting in
August 2001. For the terminology of morphological features and sculpture, measure-
ments and wing venation nomenclature, see van Achterberg (1988, 1993). The mor-
phological characters were examined and photographed using a Leica M205C digital
stereomicroscope. The specimens are deposited in the Beneficial Insects Institute, Fu-
jian Agriculture and Forestry University (Fuzhou, China).

Taxonomy

Coeliniaspis Fischer, 2010

Coeliniaspis Fischer, 2010: 646. Type species (by original designation): Coeliniaspis
kohkongensis Fischer, 2010 (examined).

Diagnosis. Flagellomeres of antenna densely setose; clypeus flattened, with ventral
lamella or more or less depressed medially and sublaterally protruding (Fig. 7; see ar-
row); mandible with four teeth, additional (= fourth) tooth dorso-basally on middle
tooth (Fig. 10); vein r of fore wing arising from or before middle of pterostigma (Fig.
1); second metasomal tergite coarsely sclerotized, distinctly sculptured and with com-
plete sharp lateral crease.

Remarks. Coeliniaspis is included in the Coelinius genus-group because of the
presence of the longitudinal sculpture on the second metasomal tergite, similar to that
of the first tergite, the mandible with an additional tooth between first and second
teeth, the metapleuron with rugose sculpture and sparsely pubescent, and the first
subdiscal cell of fore wing elongate (Fig. 1). For the differences within the Coelinius
genus-group, see the key below.

Distribution. Oriental (Cambodia, China (new record)), Russia (Far East, new record).
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Key to the genera of Coelinius genus-group

(modified after van Achterberg, 2014)

1 Dorsope absent or nearly so; mesosternum with triangular reticulate-rugose
area medio-posteriorly; first metasomal tergite more than 2.3 times as long as
its apical width; vein 2-R1 of fore wing frequently rather long [pterostigma
usually about as long as vein 1-R1; clypeus strongly protruding forwards] ....2

- Dorsope present; mesosternum with only a narrow crenulate suture medio-
posteriorly; first tergite usually less than 2.3 times as long as its apical width;

vein 2-R1 of fore wing short or absent...........cccccoeoivviiiiiinnniciiine 3
2 Vein 1-SR+M of fore wing absent; scutellar sulcus chevron-shaped; pter-
ostigma distinctly longer than vein 1-R1 (= metacarp); clypeus moderately
protruding forwards..........ccevueeueinininiienennnn. Neocoelinius Granger, 1949

- Vein 1-SR+M of fore wing present; scutellar sulcus transverse; pterostigma
usually about as long as vein 1-R1; clypeus strongly protruding forwards
[fourth metasomal tergite smooth; second tergite not carapace-like and sec-
ond tergite without complete sharp lateral crease; clypeus without pair of
ventral protuberances] .........cocoeerirerineinnenennen Coelinidea Viereck, 1913
3 Dorso-posterior half of pronotal side distinctly protruding posteriorly; metas-
oma of female blade-like compressed posteriorly; head nearly square in dorsal
view; vein r of fore wing issued distinctly behind middle of pterostigma.....4
- Dorso-posterior half of pronotal side truncate, at most dorso-apically pro-
truding; metasoma of female less compressed; head transverse in dorsal view;
vein r of fore wing usually issued between base and middle of pterostigma or
from its middle....ocoovoiiiiiiii e 5
4. Vein r of fore wing strongly oblique; first metasomal tergite elongate; entire
dorsal half of pronotal side protruding posteriotly ...... Coelinius Nees, 1818
- Vein r of fore wing subvertical; first tergite short; dorsal half of pronotal side
less protruding posteriorly [face short, sharp-angularly protruding] ..............
......................................................................... Eucoelinidea Tobias, 1979
5 Clypeus medio-ventrally depressed (arrow in Fig. 7) and sublaterally protrud-
ing or emarginate medio-ventrally and with a pair of small ventral lobes [head
cubical (Fig. 8); second metasomal tergite with complete sharp lateral crease
(Fig. 5) and third tergite evenly setose] .............. Coeliniaspis Fischer, 2010
- Clypeus medio-ventrally straight or weakly convex and no ventral protuber-
ances or lamella; sharp lateral crease of second tergite variable, e.g. complete
N MOSE SATOPS SPP. c.vevviviieiiiiiiiicicieicc 6
6 Third to sixth metasomal tergites densely setose; tarsal claws lamelliform,
widened apically in dorsal view; third tergite usually partly or largely sculp-
tured [vein r of fore wing issued near middle of pterostigma; parasitoid of
Lipara spp. in Phragmites-galls] ....................... Polemochartus Schulz, 1911
- Third to sixth tergites sparsely setose; tarsal claws normal, cylindrical apically
in dorsal view; third tergite smooth...........cccccoeiiiniiiiiiie 7
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Ventro-lateral corners of clypeus angled; vein r of fore wing issued subbasally
from pterostigma; first tergite widened apically; clypeus distinctly protruding
1N ateral VIEW...ooo e oo Laotris Nixon, 1943
Ventro-lateral corners of clypeus rounded; vein r of fore wing issued medi-
ally from pterostigma; first tergite subparallel-sided apically; clypeus slightly
protruding in lateral view.........ccccoiiiiiiiiiiiii Sarops Nixon, 1942

Key to species of Coeliniaspis Fischer

1

First metasomal tergite 4.9-5.0 times as long as wide apically and about 4.0
times as long as its maximum width (Fig. 4); apical half of second tergite gradu-
ally narrowed posteriorly and 6.0 times longer than its apical width (Fig. 6);
third tergite smooth; apical half of notauli widely crenulate and connected to
medio-posterior depression of mesoscutum (Fig. 3); vertex and frons distinctly
remotely punctate (Fig. 8) ......ccccuvuueeee. C. insularis (Tobias, 1998) comb. n.
First tergite 1.8-2.5 times as long as wide apically and about twice longer
than its maximum width; second tergite parallel-sided and 1.5 times longer
than its apical width; third tergite more or less sculptured; notauli developed
on anterior half of mesoscutum and absent near medio-posterior depression;
vertex and frons finely punctulate [clypeus distinctly emarginate medio-ven-
trally, resulting in a pair of small ventral lobes] ..........ccccovviiiiiinnnenn. 2
Posterior half of notauli present, crenulate and nearly reaching scutellar sulcus;
in dorsal view, temple and eye almost equal in length; head in dorsal view 1.5
times wider than long medially; antenna, hind coxa and femur, and apical half
of metasoma brownish yellow .......... C. rufiventris (Tobias, 1998) comb. n.
Posterior half of notauli absent, remaining far from scutellar sulcus; temple in
dorsal view 1.4 times as long as eye; head in dorsal view 1.2 times wider than
long medially; antenna black (except for yellow scapus); hind coxa and femur
dark brown; apical half of metasoma reddish brown .........cccocccevviiniinnnne.
.................................................................... C. kobhkongensis Fischer, 2010

Coeliniaspis insularis (Tobias, 1998), comb. n.
Figs 1-10

Coelinius (Sarops) insularis Tobias, 1998: 308-309.
Sarops insularis; Fischer, 2001: 45—47 (redescription).

Description. Female (from Mt. Wuyi): Body length 7.5 mm; fore wing length 4.0 mm.

Head. Antenna with 49 segments present and apical part missing, according to

original description with 46-56 segments. First flagellomere 1.1 times as long as sec-
ond flagellomere, second flagellomere as long as third flagellomere. First and second
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flagellomeres 1.8 and 1.7 times as long as their maximum width, respectively. Head in
dorsal view subquadrate, 1.4 times as wide as its median length. Eye 1.1 times as long
as temple (Fig. 8). OOL:OD:POL = 21:8:6. Mandible with 4 teeth, tooth somewhat
curved outwards. Additional tooth between first tooth and middle tooth on base of
middle tooth. Middle tooth acute and long, other teeth obtuse and shorter (Fig. 10).
Face somewhat protruding, strongly punctate, conspicuously setose, with a weak me-
dio-longitudinal crest on its lower half and a depressed medio-dorsally (Fig. 7). Frons
setose, somewhat depressed and rugulose medio-anteriorly (Fig. 8). Clypeus slightly
convex dorsally, hardly protruding beyond face in lateral view and medio-ventrally
distinctly depressed and without ventral lobes (Fig. 7).

Mesosoma. Length of mesosoma 2.3 times its height. Pronotum with a deep and
nearly round pronope (Fig. 8), side of pronotum moderately punctate (Fig. 2). Pro-
pleuron largely crenulate-rugose. Mesoscutum conspicuously setose (Figs 2, 3). No-
tauli complete, wide posteriorly and strongly crenulate. Medio-posterior depression
at posterior half of mesoscutum narrow, deep and crenulate (Fig. 3). Scutellar sulcus
deep and distinctly crenulate. Scutellum somewhat convex, densely setose. Metano-
tum with a relatively weak median spine, not protruding beyond scutellum. Propo-
deum relatively long, largely reticulate-rugose and sparsely setose, medio-longitudinal
carina restricted to anterior fifth of propodeum. Mesopleuron mainly glabrous and
smooth. Precoxal sulcus long, almost transverse and nearly complete, rugulose (Fig.
2). Mesopleural furrow relatively narrow, curved and evenly crenulate. Metapleuron
mainly reticulate-rugose and sparsely setose (Fig. 2).

Wings. Fore wing: pterostigma ellipitical, 0.8 times as long as vein 1-R1; vein r arises
from middle of pterostigma; vein r:3-SR+SR1:2-SR = 10:64:21; vein 1-SR+M nearly
straight; vein 3-SR+SR1 distinctly sinuate (Fig. 1); vein cu-a postfurcal, almost perpen-
dicular to vein 2-CU1 and 2-1A; vein 1-CU1:2-CU1 = 1:7; first subdiscal cell more or
less elongate. Hind wing: 1-1A distinctly curved (Fig. 1); vein M+CU:1-M = 3:2.

Legs. Hind femur 4.0 times as long as wide. Hind tibia as long as its tarsus. Outer
and inner hind tibial spurs 0.2 and 0.3 times as long as basitarsus, respectively. Hind
basitarsus 2.0 times as long as second tarsal segment. Hind telotarsus 0.8 times as long
as third tarsal segment.

Metasoma. Tergites very elongate (Figs 4—6). First tergite 4.0 times as long as its
maximum width (5.0 times its apical width), parallel-sided, coarsely longitudinally stri-
ate and sparsely setose (Fig. 4). Dorsope relatively large and deep (Fig. 4). Laterope large
and finely rugose. Second tergite narrow rectangular and with coarse longitudinal striae,
0.85 times as long as first tergite, and its apical half gradually narrowed posteriorly in dor-
sal view (Fig. 6), its apical width 0.6 times its basal width, largely glabrous and 6.1 times
longer than its apical width. Third and following tergites blade-like compressed (Fig. 5),
third tergite smooth and setose. Ovipositor widened and distinctly projecting beyond
apex of metasoma (Fig. 9), its setose part 0.2 times as long as first tergite.

Colour. Black. Antenna dark reddish brown. Clypeus black, labrum reddish
brown, palpi yellow, mandible reddish brown but edge of teeth black. Pterostigma
and most veins of hind wing yellowish brown. Fore and middle legs mainly brownish
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Figures 1-10. Coeliniaspis insularis (Tobias), @, China, Mt. Wuyi. | wings 2 mesosoma, lateral aspect
3 mesonotum, dorsal aspect 4 first metasomal tergite, dorsal aspect 5 metasoma, lateral aspect 6 second
metasomal tergite, dorsal aspect 7 head, anterior aspect (arrow indicates clypeal depression) 8 head, dorsal

aspect 9 ovipositor sheath, lateral aspect 10 mandible, full sight on second tooth.
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yellow, hind leg dark reddish brown but trochanter brownish yellow. First and second
tergites mainly black, third and following tergites yellowish brown, ovipositor sheath
largely dark brown (Fig. 9).

Male. Similar to female, but body 7.0 mm long, antenna with 69 segments and
head, in dorsal view, 1.4 times as wide as its median length. According to the original
description, antenna of paratype male with 59 segments.

Biology. Unknown.

Material examined. 1 @, China, Fujian, Mt. Wuyi, 3.VI.1981, leg. Yihua Liu; 1
d, same data but leg. Juchang Huang.

Distribution. Known only from the type locality in Far East Russia (Sakhalin
Obl.) and from China (Fujian). The species and genus are new for China.

Coeliniaspis rufiventris (Tobias, 1998), comb. n.

Coelinius (Sarops) rufiventris Tobias, 1998: 311.
Sarops insularis; Fischer 2001: 48—49 (redescription).

Notes. The redescription by Fischer (2001) clearly stated that the clypeus is ventrally
indented (“eingedellt”) and is similar to the type species of the genus Coeliniaspis Fis-
cher, 2010. Therefore, we transfer this species (only known from Far Eastern Russia) to
the latter genus; the genus is new for Russia.
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Abstract

Aphidius ericaphidis, an aphid parasitoid originally described from North America, is recorded in Europe
for the first time, based on morphological and molecular analyses. The species is recorded in Serbia, the
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[frons/Vaccinium uliginosum from the Alps (France). The possible origin of A. ericaphidis, as well as its likely
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Introduction

Growing of highbush blueberry started with the experiments of Coville (1910) in the
first decade of the 20 century in the United States. The first successful attempts to
grow blueberries in Europe were made in Germany in the 1930s (Heermann 1932).
They resulted in the first commercial plantation of 50 ha in 1951 (Pliszka 1997).
World blueberry production has been significantly expanding in recent years, owing
to the fruit’s numerous health benefits. Between 1994 and 2014, the world area under
commercial blueberries almost doubled, while production rose four times (FAOSTAT
Database). With their high antioxidant capacity, long shelf life and minimal prepara-
tion prior to consumption, blueberries are considered a “superfruit” (Clarke 2016).

One of the economically most important blueberry pathogens is the blueberry
scorch virus (BIScV), which was first observed in Washington, USA, in commercial
blueberry fields (Martin and Bristow 1988). After that it was reported in British Co-
lumbia, Canada (Hudgins 2000) and has since spread to Europe (Ciuffo et al. 2005,
Paduch-Cichal et al. 2011, Richert-Péggeler et al. 2015, EPPO 2016). Most of the
records are from the commercially grown highbush blueberry (Vaccinium corymbosum
L.), and according to EPPO there are still no data on the susceptibility of native Eu-
ropean Vaccinium species (EPPO 2005). Symptoms caused by BIScV differ depend-
ing on the cultivar of blueberry. In sensitive cultivars, infection can lead to complete
necrosis (blighting) of flowers and young leaves and twig dieback followed by severe
yield loss, while tolerant cultivars can show little or no visible symptoms of infection
(Bristow et al. 2000, Martin et al. 2012).

The blueberry scorch virus is transmitted mainly by Ericaphis fimbriata (Richards)
in a nonpersistent manner (Bristow et al. 2000). Ericaphis fimbriata is probably syn-
onymous with E. scammelli (Mason), based on morphological and molecular analyses
(Blackman and Eastop 1984, Foorttit et al. 2008, G. Bosio — pers. comm. 2001, V. Eas-
top — pers. comm. 2002) and will be referred to as E. scammelli in this paper. The aphid
is most likely native to North America and was probably introduced into Europe with
plant material (Barbagallo et al. 1998), with the first record for Europe from the UK in
1964 (Coeur d’acier et al. 2010). In Britain it was described as E. fimbriata ssp. pernet-
tyae, monoecious holocyclic on Pernettya mucronata but probably also holocyclic on
Vaccinium species (Prior 1971), Italian populations are referred to as E. scammelli and
are monoecious holocyclic on Vaccinium spp. (Blackman and Eastop 1984, Barbagallo
et al. 1998, Pansa and Tavela 2008). Besides those two countries, it has also been re-
corded in the Netherlands, France (Nieto Nafria 2013) and Sweden (Nedstam 2008).

The braconid parasitoid complex of E. scammelli (=E. fimbriata) in North America
consists of 10 species (Hymenoptera: Aphidiinae), among which the most common
are Praon unicum Smith, 1944 and Aphidius ericaphidis Pike & Stary, 2011 (Raworth
et al. 2008, Pike et al. 2011, Mathur et al. 2013). Here we present the first records of
A. ericaphidis from Europe and discuss its potential as a biocontrol agent in European
blueberry orchards.
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Methods

During the last several years, the Aphidiinae fauna on different fruit species was investi-
gated throughout Europe. Samples of Vaccinium spp. leaves with aphids and mummies
were collected. The samples were kept under laboratory conditions until parasitoid
emergence. After emergence, parasitoids were immersed in 96% ethanol and preserved
for later examination. External morphology of the specimens was studied using a
ZEISS Discovery V8 stereomicroscope. Scanning electron micrographs were obtained
using a JEOL JSM-6390 scanning electron microscope. All specimens are deposited
in the collection of the Institute of Zoology, Faculty of Biology, University of Belgrade
and the collection of P. Stary, Ceské Budéjovice, Czech Republic.

Molecular analysis

Three A. ericaphidis specimens from Scotland were used for molecular analysis. DNA
was extracted from individual adult wasps using the Qiagen DNeasy Blood & Tissue
Kit (Qiagen Inc., Valencia, CA) following the manufacturer’s instructions. The barcod-
ing region of the mitochondrial cytochrome oxidase subunit I (COI) gene was ampli-
fied using the primers LCO1490 and HCO2198 (Folmer et al. 1994).

DNA amplification was performed in a final volume of 20 pl containing 1 ul of DNA,
11.8 pl of H,O, 2 ul of High Yield Reaction Buffer A with 1 x Mg, 1.8 ul of MgCl, (2.25
mM), 1.2 pl of ANTP (0.6 mM), 1 pl of each primer (0.5 puM) and 0.2 pl of KAPATaq
DNA polymerase (0,05U/pl) (Kapa Biosystems Inc., USA). PCR was conducted in an
Eppendorf Mastercycler® (Hamburg, Germany) using the following thermal profile: ini-
tial denaturation at 95°C for 5 min, followed by 35 cycles of 94°C for 60 s, 54°C for 60 s,
72°C for 90 s and a final extension step at 72°C for 7 min. Purification of PCR products
and DNA sequencing in both directions was performed by Macrogen Inc. (Seoul, Korea).

Sequences of A. ericaphidis specimens from North America and other Aphidius
species were obtained from GenBank and used in phylogenetic analysis. Those Aphid-
ius species were chosen because of their morphological similarity to A. ericaphidis or
because they parasitize E. scammelli. An Ephedrus sp. sequence from GenBank (acc.
number KR787408) was used as an outgroup taxon. Sampling data for specimens used
in this study are given in Table 1.

Sequences were edited using FinchTV ver 1.4.0 (http://www.geospiza.com). Align-
ment was conducted using CLUSTAL W integrated in MEGA 5 software (Tamura et
al. 2011). Sequences were trimmed to a length of 611 bp. The sequences of analysed A.
ericaphidis specimens were deposited in GenBank under accession numbers KY513289—
KY513291. Calculation of average genetic distances between sequences was performed
using Kimura’s two-parameter method (K2P) of base substitution (Kimura 1980).

A phylogenetic tree was constructed using the MEGA 5 software (Tamura et al.
2011) and the Maximum likelihood method with 1000 bootstrap replicates.
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Table 1. Sampling data for Aphidiinae specimens used in the molecular analysis.

Parasitoid Code | Geographic origin Aphid host Plant A::::::::l
Aphidius ericaphidis | IM50 | Scotland Ericaphis scammelli | Vaccinium corymbosum | KY513289
Apbhidius ericaphidis | IM51 | Scotland Ericaphis scammelli | Vaccinium corymbosum | KY513290
Aphidius ericaphidis | IM52 | Scotland Ericaphis scammelli | Vaccinium corymbosum | KY513291
Apbhidius ericaphidis Canada/USA Ericaphis fimbriata | Vaccinium corymbosum | KC211024
Apbhidius ericaphidis Canada/USA Ericaphis fimbriata | Vaccinium corymbosum | EU574902
Aphidius avenaphis USA Sitobion avenae Triticum aestivum JN164784
Aphidius matricariae Canada KR888554
Aphidius urticae UK JX507436
Aphidius ervi Canada/USA KC211026
Ephedrus sp. KR787408
Results

Aphids infesting Vaccinium corymbosum in Serbia, Sweden and Scotland were iden-
tified as E. scammelli. Rearing parasitoids from E. scammelli resulted in finding the
species A. ericaphidis for the first time in Europe. Aphidius ericaphidis is recorded in
Serbia, Sweden and the United Kingdom (Scotland). Additional re-examination of
collections (P. Stary) led to identification of A. ericaphidis in France and the Nether-
lands as well, the re-examined specimens from both countries having been previously
identified as Aphidius sp. (Stary et al. 1971, P. Stary unpubl.). In total 24 females and
19 males were found.

As the original differential diagnosis of A. ericaphidis referred to North American
congeners (Pike et al. 2011), it is advisable to relate it also to those in Europe as fol-
lows: Aphidius ericaphidis (Fig. 1) is most similar to Aphidius matricariae Haliday 1834.
It can be easily distinguished from the latter by the number of maxillary and labial
palpomeres [A. matricariae has 3-segmented maxillary palps and 2-segmented labial
palps vs. 4-segmented maxillary palps and 3-segmented labial palps in A. ericaphidis)
and by pterostigma length / R1 forewing vein ratio [A. matricariae = 1.1 (range 1-1.2)
vs. A. ericaphidis = 2.1 (range 1.7-2.7)].

Aphidius ericaphidis
Fig. 1

Serbia, Mladenovac, 10 VI 2015, 7 females and 4 males reared from Ericaphis scammelli
on Vaccinium corymbosum; 23 VI 2015, 3 males reared from Ericaphis scammelli
on Vaccinium corymbosum. United Kingdom, Scotland, 19 VI 2014, 9 females
and 5 males reared from Ericaphis scammelli on Vaccinium corymbosum. Sweden,
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Figure 1. Aphidius ericaphidis female: A antenna B head € mesonotum — dorsal aspect D propodeum —
dorsal aspect E petiole — dorsal aspect F ovipositor — lateral aspect.

Glemmingebro, Scania, 24 VI 2008, 1 female and 1 male from Ericaphis scammelli on
Vaccinium corymbosum; 30 VI 2008, 5 females and 5 males from Ericaphis scammelli on
Vaccinium corymbosum, greenhouse. Netherlands, Kootwijk, 8 VI 1965, 1 female from
Ericaphis latifrons on Empetrum nigrum. France, Lognan (Hte-Savoie), 12 VIII 1968,
1 female and 1 male from Ericaphis latifrons on Vaccinium uliginosum.

Molecular analysis of Aphidius ericaphidis

Three barcoding sequences of A. ericaphidis originating from Scotland were compared
with two sequences of A. ericaphidis from the USA and were determined to be identi-
cal, with no variable sites detected.

Topology of the phylogenetic tree shows clear separation of A. ericaphidis from
other Aphidius species used in the analysis (Fig. 2). Though morphologically more
similar to it than to the other Aphidius species, A. ericaphidis did not cluster with A.
matricariae, and the mean K2P distance between the two species was 8.1% (Table 2).
Divergence rates in relation to other species morphologically similar to A. ericaphidis
or parasitizing E. scammelli were as follows: A. urticae — 8.9%, A. avenaphis — 10.4%
and A. ervi — 8.3% (Table 2). Those distances are greater than what is considered to be
enough for the separation of Aphidiinae species (Derocles et al. 2012, Tomanovi¢ et al.
2014). Thus, after morphological description, we here support the status of this taxon
with molecular analysis.
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Aphidius ericaphidis IM50
Aphidius ericaphidis IM51
99| Aphidius ericaphidis IM52
Aphidius ericaphidis KC211024
Aphidius ericaphidis EU574902
Aphidius avenaphis JN164784
36 Aphidius ervi KC211026
‘| EAphidius matricariae KR888554
95 Aphidius urticae JX507436
Ephedrus sp. KR787408

—
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Figure 2. Phylogenetic tree based on COI sequences inferred by Maximum Likelihood (ML) method.
Bootstrap values over 80% are shown.

Table 2. Mean K2P distances between COI sequences of Aphidius species used in this study.

A. ericaphidis A. matricariae A. urticae A. avenaphis
A. ericaphidis
A. matricariae 0.081
A. urticae 0.089 0.018
A. avenaphis 0.104 0.058 0.063
A. ervi 0.083 0.034 0.037 0.065
Discussion

Highbush blueberry production has been on the rise in the world, and as a conse-
quence of increased international trade of planting material, plant pathogens and pests
are also being spread to new areas. In the last 15 years, two exotic Vaccinium pathogens
with North American origin (Monilinia vaccinii-corymbosi and BIScV) were detected
in Europe, and it is assumed that both were imported with plant material (Gosch
2003, Ciuffo et al. 2005, Munda 2011, Paduch-Cichal et al. 2011, Richert-Poggeler
et al. 2015). The situation is the same with at least two pest species, blueberry gall
midge Dasineura oxycoccana and the aphid Ericaphis scammelli, which most likely also
have a North American origin (Bosio et al. 1998, Barbagallo et al. 1998). Although E.
scammelli (under different names) has been present in Europe for over half a century
(Coeur d’acier et al. 2010), A. ericaphidis is its first parasitoid detected in Europe (in
Serbia, Sweden, the Netherlands, France and the United Kingdom). While most al-
ien Aphidiinae species reported in Europe were introduced intentionally as biocontrol
agents (Roy et al. 2011, Petrovi¢ et al. 2013), for A. ericaphidis this is not the case.
Some A. ericaphidis populations were most likely founded by specimens introduced
accidentally with Vaccinium plant material “hitchhiking” in E. scammelli. This is the
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most obvious scenario for the records from Serbia and Sweden. Intensive research of
Aphidiinae in Serbia has been ongoing for more than 20 years, and one of the main fo-
cuses has been on the Aphidiinae fauna of high mountain plants (including native Vac-
cinium species). Until recently (2015), there was no evidence of either E. scammelli or
A. ericaphidis (Kavallieratos et al. 2004, Ziki¢ et al. 2012). Both the aphid and the par-
asitoid were detected for the first time on a commercial V. corymbosum plantation with
material imported from the Netherlands (probably originating from North America).
Aphidius ericaphidis from E. scammellil V. corymbosum in a greenhouse in Sweden might
also be a result of an accidental introduction from North America via blueberry nurs-
eries in Germany. The same year when A. ericaphidis was recorded (2008), a detailed
survey of aphids on blueberries (native and highbush plantations) was conducted, and
the parasitoid was found only in one greenhouse situated about 30 km from the near-
est forest woodland and surrounded by farmland (B. Nedstam unpubl.).

However, our revision of material from earlier collections from France and the
Netherlands showed that the parasitoid has been present in Europe at least as long as
E. scammelli (if not longer). At the time of the records, blueberry production in Eu-
rope wasn't as extensive as it is today, and the import of plants from North America
was limited to a few countries. The record from France suggests that those populations
of A. ericaphidis had enough time to spread and establish, especially since the record
is from a native high mountain ecosystem (Vaccinium uliginosuml Ericaphis latifrons!
Aphidius ericaphidis).

The lack of any genetic differences shows that analysed European and North Ameri-
can populations of A. ericaphidis are very closely related. This can suggest that the ana-
lysed specimens were from a recent introduction or that they represent a species with no
genetic differentiations based on the COI gene, as has been recorded before for some
other Aphidius species (A. uzbekistanicus and A. avenaphis) (Tomanovi¢ et al. 2013).

Since molecular and morphological analyses of the target parasitoid populations
revealed no significant differences, it might be concluded that A. ericaphidis is a mem-
ber of the Holarctic forest tundra faunistic complex (Stary 1970) associated with dif-
ferent Ericaphis aphids in both Europe and North America. Although it is a very com-
mon parasitoid of Ericaphis in North America (at least in the Pacific Northwest) (Pike
etal. 2011), in Europe it is quite rare, with only two records prior to 2008 (Stary et al.
1971, P. Stary unpubl.). There are two main factors contributing to the spread of A.
ericaphidis in Europe during the last decade. The first one involves probable multiple
introductions from North America with planting material and E. scammelli; the second
one consists of a possible new adaptation of European populations of A. ericaphidis to
this introduced aphid.

The current known host range of European populations of A. ericaphidis is similar
to that of North American populations, with the vast majority of records reported from
Ericaphis aphids (Pike etal. 2011). Although three out of 10 parasitoid species (Aphidius
ervi, Aphidius matricariae and Lysiphlebus testaceipes) that parasitize E. scammelli in North
America also occur in Europe, A. ericaphidis is the only species recorded that successtully
parasitizes E. scammelli (Suppl. material 1: Table S1.). In this respect, there is potential
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in biological control of these aphids, which can serve as vectors of the blueberry scorch
virus if populations are left uncontrolled. Since the virus has spread to Europe recently,
the possibility of using A. ericaphidis as a biocontrol agent should be investigated
thoroughly. It can then be added to the list of already tested European Aphidiinae species
for which the ability to control E. scammelli in field conditions has been determined
(Dassonville et al. 2013). Of course, this requires very careful additional testing, since
there are several parasitoid species that were introduced as biocontrol agents and then
became widespread (Roy etal. 2011) and broadened their host range in non-native areas
(Mitrovi¢ et al. 2013, Petrovi¢ et al. 2013). On the other hand, Pike et al. (2011) report
rare occurrences of parasitization of Macrosiphum parvifolii Richards by A. ericaphidis,
which implies its potential to parasitize other species.

The current distribution of A. ericaphidis and that of its host Ericaphis scammelli
in Europe are most likely much broader than those recorded so far, and field surveys
should therefore be conducted in all Vaccinium growing areas to monitor the spread of
A. ericaphidis in Europe and possible changes of its host range.
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Abstract

Little is known about the host-parasitoid interactions on the edges of crops during winter. Our objective
was to determine the parasitoid species that attack nymphs and adults of leathoppers and planthoppers,
and evaluate the interactions that occur during winter on maize edges. Between January and June of 2014
and 2015 leafthoppers and planthoppers with evidence of parasitism by Dryinidae (Hymenoptera) were
collected on grasses that grow in maize fields margins in Mexico and were maintained alive until parasitoid
adult emergence. Dryinids such as Gonatopus huggerti (Olmi), Gonatopus mimoides (Perkins), Gonatopus
breviforceps (Kieffer), and Gonaropus caraibicus (Olmi) were the most common parasitoids. They attacked
several leathopper species such as Dalbulus maidis (DeLong), Balclutha incisa (Matsumura), Exitianus
picatus (Gibson), and Stirellus bicolor (Van Duzee). The connection of the net was of 31%. The presence of
parasitoids in winter margins highlights the importance of conserving maize edges for biological control.
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Introduction

Edges in agroecosystems form a habitat hosting herbivore insects and their predators
and parasitoids (Marshall and Moonen 2002, Ramsden et al. 2015). In addition, edges
where perennial plants live, offer green resources during winter and become places with
high insect biodiversity (Dennis and Fry 1992, Vollhardt et al. 2008). In addition,
edges are important during winter when the crop is absent because they offer food, ref-
uge, and sites for reproduction that help in the survival of herbivores and their natural
enemies (Rabb et al. 1976, Marshall and Moonen 2002, Ramsden et al. 2015). Most
of the edges in agroecosystems are formed by grasses (Marshall and Moonen 2002,
Moya-Raygoza and Becerra-Chiron 2014), which contain a large number of herbivore
leathoppers (Hemiptera: Cicadellidae) (Hamilton and Whitcomb 2010).

Many leathopper species are efficient vectors of viruses and bacteria to plants (Nault
and Bradfute 1979, Weintraub and Beanland 2006). For example, in maize, which is
one of the most important cereals in the world (Buckler et al. 2001), the leathopper
Exitianus sp. and Exitianus obscurinervis (Stal) (Hemiptera: Cicadellidae) transmit the
bacterium Corn Stunt Spiroplasma (CSS) Spiroplasma kunkelii (Virla 2000, Carloni
et al. 2011). Also, the leathopper Stirellus bicolor (Van Duzee)(Hemiptera: Cicadelli-
dae) transmits CSS, the Maize Rayado Fino Virus (MRFV), and the Maize Chlorotic
Dwarf Virus (MCDV) (Nault and Bradfute 1979, Nault 1980, Wayadande and Nault
1993). Another vector is the corn leathopper Dalbulus maidis (DeLong) (Hemiptera:
Cicadellidae), considered the most important leathopper pest of maize throughout
Latin America, because it can transmit efficiently CSS, Maize Bushy Stunt Phyto-
plasma (MBSP), and MRFV (Nault 1990). In addition, leathopper species that do not
transmit plant pathogens inhabit edge grasses such as Balclutha incisa (Matsumura)
(Hemiptera: Cicadellidae) (Narhardiyati and Bailey 2005) and Amblysellus sp. (He-
miptera: Cicadellidae). Leathoppers that occur during the winter season on perennial
grasses bordering maize fields are diverse with S. bicolor, Graminella sonora (Ball), Dal-
bulus elimatus (Ball), D. maidis, B. incisa, and Exitianus picatus (Gibson) (Hemiptera:
Cicadellidae) being the most abundant species (Pinedo-Escatel and Moya-Raygoza
2015). However, none of the previous species were found to be positive for CSS or
MBSP, suggesting that these two bacteria do not pass the winter in leathoppers that
overwinter on edge grasses (Torres-Moreno et al. 2015).

On the other hand, leathoppers that inhabit edge grasses of maize fields were
parasitized by dryinids and strepsipterans during the dry season (Moya-Raygoza and
Becerra-Chiron 2014). Leathoppers such as Stirellus bicolor, G. sonora, E. picatus, Am-
bysellus sp. and D. maidis are attacked by parasitoids. However, the species that attack
these leathoppers have not been investigated. Therefore, the objective of the present
study was to search for adult parasitoids that attack nymphs and adult leathoppers
throughout the winter season on perennial grasses that border harvested maize agro-
ecosystems and build a net between host species and parasitoid species to know the
link among them.
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Methods

The study was conducted in the region of Zapopan, state of Jalisco, Mexico 20°44'49"N,
103°30'48"W; 1,662 m above sea level. This region was selected because it represents
the environmental condition in which maize is cultivated in most of the tropics. Maize
is seeded there in June, when the wet season starts. Maize plants dry out in November
and are harvested in December. From December to May grasses grow and have green
foliage in the maize edges. This study was conducted during two consecutive winter
seasons in 2014 and 2015, starting in January and ending in May. Sampling was done
three times per week, using a sweep net for one hour between 11 am. and noon and
performing 1,200 sweeps per sampling.

The collected hopper (leathoppers or planthoppers) nymphs or adults with evi-
dence of parasitism were maintained alive. Parasitized hoppers show on the thorax or
abdomen a black sac hosting a larva of a parasitoid (Rios-Reyes and Moya-Raygoza
2004, Kathirithamby 2005). The live parasitized hoppers were transferred to leaf-cages
on live grasses (Brachiaria plantaginea (Link) or Digitaria ciliaris (Retz) (Cyperales:
Poaceae)), were grown in pots in a greenhouse. Each leaf-cage was 4.0 by 5.5 by 2.0
cm, with a small hole covered with fine mesh. Each hopper was maintained in a rearing
room at 25 + 2 °C, 50 % relative humidity, with a photoperiod of 12: 12 h (L:D) for a
45 days period. After 45 days each leaf-cage was reviewed to collect the emerged adult
parasitoid and the hopper host, which were collected and stored in 70% ethanol for
future identification. Parasitoids and hoppers were identified to genus or species level
by different specialists in taxonomy. Voucher specimens were deposited in the ento-
mological collection (CAJAPE) of the University of Guadalajara, Jalisco, Mexico and
in the entomological collection (MOLC) of the University of Tuscia, Viterbo, Italy.

Network size, link density, dependence, and connectance were performed with
Package bipartite (Dormann et al. 2008) of R software, and nestedness was conducted
with ANINHADO (Guimaries and Guimaries 20006).

Results

The grasses found bordering the harvested maize fields during the 2014 and 2015 win-
ter season were the following Cyperales-Poaceae: Brachiaria plantaginea , Rhynchelytrum
repens (Willd), Cynodon plectostachyus (Schum.), Sorgum vulgare (Pers), and Digitaria
ciliaris. They showed green foliage throughout the winter-dry season from January to
May. Hoppers without and with parasitism evidence were found on these grasses.
Leathopper (Hemiptera: Cicadellidae) nymphs and adults of the subfamily Delto-
cephalinae were parasitized mainly by wasps (Hymenoptera: Dryinidae) of the subfam-
ily Gonatopodinae during two consecutive winter seasons of 2014 and 2015. Most of
the leathoppers with evidence of parasitism were collected in March, April, and May,
when compared with those collected in January and February (y? = 65.15, P < 0.05).
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Nymphs of Exitianus sp. and adults of E. picatus were parasitized in January and Febru-
ary by the following Dryinidae species: Gonatopus huggerti (Olmi), Gonatopus mimoides
(Perkins) and Gonatopus sp. In addition, an undetermined species of Delphacidae
was parasitized by an undetermined strepsipteran of the genus Elenchus (Strepsiptera:
Elenchidae). In March, April, and May, more species of leathoppers were parasitized.
Nymphs and adults of B. incisa, E. picatus, Amblysellus sp., D. maidis, and S. bicolor were
parasitized by the following Dryinidae: G. huggerti, G. mimoides, Gonatopus breviforceps
(Kieffer), Gonatopus caraibicus (Olmi), and Gonaropus sp. (Table 1).

Dryinids of the genus Gonaropus attacked leathoppers belonging to different tribes
throughout the 2014 and 2015 winter seasons. For example, G. mimoides attacked
leathoppers of different tribes almost the whole winter season, parasitizing D. maidis
and B. incisa (Macrostelini), E. picatus (Chiasmini), and Amblysellus sp. (Deltocepha-
lini), whereas species such as G. caraibicus parasitized Amblysellus sp. (Deltocephalini)
and S. bicolor (Stenometopiini) (Fig. 1).

Host (hopper)-parasitoid interactions are indicated by a qualitative network of
species that occur on winter perennial grasses bordering harvested fields of maize.
The network comprises 13 species (six parasitoid species and seven hopper host
taxa) (Fig. 2). Every hopper species was parasitized by two species of parasitoids.
Gonatopus mimoides and G. huggerti parasitize the largest proportion of the hopper
species (four and three species respectively) while G. breviforceps parasitizes only one.
Although G. mimoides was the species with the highest density of interactions, it
shows a marked dependence (0.60) on E. picatus, in contrast with G. huggerti which
showed three interactions, but with the same dependence (0.33) on each of them.
The connectance was less than 0.31. The nestedness was 0.65; however, it was not
significantly lower than expected by chance (2 >0.05).

Discussion

The present study is a report on the grass species (first trophic level), the herbivore
hoppers and their nymphs (second trophic level), and adult parasitoids (third trophic
level), that live during the winter-dry season on the edges of maize fields once the crop
is harvested. Our results agree with those of Altieri and Letourneau (1982), Tscharntke
(2000), Marshall and Moonen (2002) and Ramsden et al. (2015), who found that
edge vegetation is a key factor in the maintenance of parasitoids. Natural enemies
abundance and diversity is increased by the vegetation on the edges in crops such as
maize (Moya-Raygoza and Becerra-Chiron 2014), grapes (Nicholls et al. 2001, Altieri
etal. 2005) and rice (Lou et al. 2013). In addition, edges not only function as habitat,
but also as a site that provides hosts, food, and overwintering places for insect natural
enemies (Sotherton 1985, Morris and Webb 1987).

Little is known about herbivore leathopper vectors during winter season on the
edges when the crop is absent. In maize, edge grasses host high diversity of leathoppers,
among which Exitianus sp. B. incisa, S. bicolor, G. sonora, Amblysellus sp., E. picatus and
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Figure 1. Total of parasitoid-host interactions found on the edges of maize agroecosystem in the winter
seasons of 2014 and 2015. Name in parenthesis show the name of the host tribe.
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Ganaropus
Gonatopus mimoides nat huggerti
Exitianus picatus Balclutha incisa tirelluz bicolor  Exitianuz Dalbulus Delphacidae
maidis

Figure 2. Quantitative food web of parasitoid-host interaction found on the edges of maize agroecosys-
tem in the winter seasons of 2014 and 2015. Top names are the parasitoid species and bottom names are

the host species.

D. elimatus are the most abundant species (Pinedo-Escatel and Moya-Raygoza 2015).
Among the previous species, the literature indicates that the leathopper Exitianus sp.
transmits CSS (Virla 2000), S. bicolor transmits CSS, MRFV, and MCDV (Nault and
Bradfute 1979, Nault and DeLong 1980), and D. maidis transmits CSS, MBSP, and
MREV (Nault 1990). Fortunately during winter edge grasses host leathoppers that
do not carry plant pathogenic bacteria and virus (Torres-Moreno et al. 2015). Results
of the present study indicate grasses are green all the time bordering maize field and
during the winter are a green food resource for leathoppers free of plant pathogenic
bacteria and viruses, but hosting nymph and adult parasitoids.

Six parasitoids species develop and emerge from nymph or adult hoppers. The
most abundant leathopper species were attacked by dryinids, among which most spe-
cies are reported for first time on edge grasses. Previously, G. caraibicus was reported
as a parasitoid of the leathoppers Amplicephalus simpliciusculus (Linnavuori), Haldorus
sexpunctatus (Berg), Chlorotettix sp., Planicephalus flavicosta (Stdl), Exitianus obscuri-
nervis (Stal) and Graminella stelliger (Berg) (Guglielmino et al. 2013, Olmi and Virla
2014). In the present study S. bicolor and Amblysellus sp. leathoppers are parasitized
by G. caraibicus in April and May on edge grasses. For the first time G. huggerti is
reported to attack E. picatus and B. incisa on grasses during winter. This parasitoid
was found previously attacking Exitianus sp., Polyamia tolteca Kramer, Polyamia satur
(Ball), Planicephalus flavicosta (Stal) and Graminella comata (Ball) in Mexico, Peru,
Paraguay and Puerto Rico (Olmi et al. 2000, Garcete-Barret 2001, Moya-Raygoza and
Olmi 2010, Olmi and Virla 2014). For the first time leathopper hosts of G. mimoides
are reported in Mexico: E. picatus, B. incisa, D. maidis, and Amblysellus sp. (for the
USA see also Guglielmino et al. 2013). In addition, G. breviforceps, which has a Neo-
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tropical distribution, is reported for the second time attacking B. incisa (see for the first
time Moya-Raygoza and Olmi 2010). Most of the above new records were obtained
because previous studies have not been focused on the edge grasses and the leathopper-
parasitoid interactions that occur on these winter grasses with green foliage.

Parasitoids attacked, developed and emerged from nymphs and adult leathoppers
belonging to different tribes. This report indicates that most parasitoids that live on
the edge grasses during winter are generalists. Egg parasitoids, i.e Anagrus breviphragma
Soyka (Hymenoptera: Mymaridae), Paracentrobia sp. and Pseudoligosita sp. (Hymenop-
tera: Trichogrammatidae), also were generalists. They are the most common parasitoids
attacking the eggs of D. maidis during the maize growing season in Mexico (Moya-
Raygoza et al. 2012). These egg parasitoids attack not only the corn leathopper but also
the eggs of several species of cicadellids and delphacids (Moya-Raygoza et al. 2012).

Generalist parasitoids are important because a wide host range is a vital parameter
with regard to a natural enemy’s quality as a control agent (Salvo and Valladares 1997).
Also generalist parasitoids show more plastic behavior and they have the ability to use
a wide diversity of host resources, in which host availability changes through time
(Raymond et al. 2015), particularly when abiotic factors such as temperature and hu-
midity change during the winter-dry season on the maize edges. In central Mexico the
lowest temperatures occur in January and February reaching 5 °C in January. Between
March and May the lowest temperature was between 12 and 19 °C (Pinedo-Escatel
and Moya-Raygoza 2015). Host-parasitoid food webs are altered by habitat modifica-
tion in agriculture systems (Tylianakis et al. 2007) but no study has investigated the
food web in field margins or edges of maize agroecosystems. This study shows that the
food web on edges of maize fields supports the presence of herbivore leathoppers and
their parasitoids. The connection found in this study was less than 31%. Also the nest-
ing index was of 0.65 indicating the network is not nested (Dunne et al. 2002).

Edges with reduced management intensity show an increase in immigration of
insects, particularly natural enemies (Batdry et al. 2012). In our case, edges of maize
fields are unmanaged, so they conserve the biodiversity of leathoppers and their dryi-
nid parasitoids, as found in the present study. A similar result was obtained by Moya-
Raygoza and Becerra-Chiron (2014), concerning leathopper egg parasitoids. This
biodiversity occurs in part because grasses are green, resulting in food available for
leathoppers, which depend on a liquid diet. These grasses thus are a perennial habitat
for leathoppers and their parasitoids. Perennial edges also increase biodiversity (Altieri
1999, Werling et al. 2011). In addition, predation of pests in crops by different arthro-
pods increases when perennial habitats such as grasslands and forests are found in the
agricultural landscape (Dix et al. 1995, Werling et al. 2011). Conserving biodiversity
on edges during winter is important for the natural enemies because they could colo-
nize the new maize plants seeded in the wet season in June. Traditionally maize edges
are considered sites for overwintering of insect pests (Free and Williams 1979) and
local farms burn the edges and stubble. However burning the maize edges and stubble
before seeding maize generates high level of carbon dioxide, affecting global warming
(Li et al. 2007, Tylianakis et al. 2008).
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In conclusion, edges that surround maize agroecosystem during winter hold leaf-
hoppers from different tribes, which are attacked by generalist parasitoids. A food web
of leathoppers-parasitoids is presented for the first time for maize field edges formed by
grasses. It is important to conserve this biodiversity of parasitoids for the conservation
of natural biological control in maize edges.
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Figure 1. Measurements and terminology. a Aphelinus kazakbstanensis sp. n. female, head, dorsal view
(TAMU-ENTO X0856040) (fvl: frontovertex length; hl: head length; hw: head width; ocp: posterior
ocellus to occipital margin distance; ool: posterior ocellus to eye margin distance; ow: posterior ocel-
lus width; pol: posterior interocellar distance) b Aphelinus sinensis sp. n. female, fore wing, dorsal view
(TAMU-ENTO X0852875) (cc: costal cell length; mv: marginal vein length; wl: wing length; ww: wing
width; lms: longest marginal seta length) € Aphelinus certus male genitalia, ventral view (TAMU-ENTO
X0616479) (adg = aedeagus; dig = digiti; dnt = denticles; phl = phallobase) d Aphelinus atriplicis female,
metasoma, ventral view (TAMU-ENTO X0616471) (ovp = ovipositor).
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Figure 2. Aphelinus sinensis sp. n., male, scape, ventral view. Note the five linearly arranged exocrine

gland pores.
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Figure 3. Aphelinus asychis, card-mounted specimens. a male, antennae and head, lateral view (BMNH
1038770) b female, antennae and face, anterior view (BMNH 1038772) ¢ male, habitus, lateral view
(BMNH 1038770) d female, habitus, lateral view (BMNH 1038772) e male, habitus, dorsal view

(BMNH 1038770) f female, habitus, dorsal view (BMNH 1038772).
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Figure 4. Aphelinus asychis, slide-mounted specimens. @ male, antenna, lateral view (BMNH 1039637)
b female, antenna, lateral view (TAMU-ENTO X0856569) ¢ male, fore wing, dorsal view (TAMU-
ENTO X0856303) d female, fore wing, dorsal view (TAMU-ENTO X0856301) e female, hind wing,
dorsal view (TAMU-ENTO X0856301) f female, metasoma, ventral view (TAMU-ENTO X0856301)
g female, mesosoma, dorsal view (TAMU-ENTO X0856301) h male, genitalia, ventral view (TAMU-
ENTO X0856303).
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Figure 5. Aphelinus kazakhstanensis, paratypes in 95% ethanol. @ male, antennae and face, anterior view
(TAMU-ENTO X0856689) b female, antennae and face, anterior view (TAMU- ENTO X0856403)
¢ male, habitus, lateral view (TAMU-ENTO X0856689) d female, habitus, lateral view (TAMU-ENTO
X0856400) e male, habitus, ventral view (TAMU-ENTO X0856689) f female, habitus, ventral view
(TAMU-ENTO X0856403).
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Figure 6. Aphelinus kazakbstanensis, slide-mounted paratypes. @ male, antenna, lateral view (TAMU-
ENTO X0856044) b female, antenna, lateral view (TAMU-ENTO X0855782) ¢ male, fore wing, dorsal
view (TAMU-ENTO X0856072) d female, fore wing, dorsal view (TAMU-ENTO X0616386) e female,
hind wing, dorsal view (TAMU-ENTO X0852956) f female, metasoma, ventral view (TAMU-ENTO
X0616386) g female, mesosoma, dorsal view (TAMU-ENTO X0852880) h male, genitalia, ventral view
(TAMU-ENTO X0856075).
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Figure 7. Aphelinus semiflavus, point-mounted specimens. a male, antennae and face, lateral view (CNC
00122807) b female, antennae and face, anterior view (CNC 00122818) ¢ male, habitus, lateral view

(USNM ENT 2076436) d female, habitus, lateral view (paralectotype) e male, habitus, dorsal view
(USNM ENT 2076436) f female, habitus, dorsal view (paralectotype).
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Figure 8. Aphelinus semiflavus, slide-mounted specimens. a male, antenna, lateral view (paralectotype)
b female, antenna, lateral view (paralectotype) € male, fore wing, dorsal view (paralectotype) d female, fore
wing, dorsal view (paralectotype) e female, hind wing, dorsal view (paralectotype) f female, metasoma,

ventral view (UCRC ENT 326827) g female, mesosoma, dorsal view (CNC 00122803) h male, genitalia,
ventral view (UCRC ENT 326826).
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Figure 9. Aphelinus sinensis sp. n., paratypes in 95% ethanol. a male, antennae and face, anterior view
(TAMU-ENTO X0856562) b female, antennae and face, anterior view (TAMU- ENTO X0856563)
¢ male, habitus, lateral view (TAMU-ENTO X0856562) d female, habitus, lateral view (TAMU-ENTO
X0856563) e male, habitus, ventral view (TAMU-ENTO X0856562) f female, habitus, ventral view
(TAMU-ENTO X0856563).
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Figure 10. Aphelinus sinensis sp. n., slide-mounted paratypes. a male, antenna, lateral view (TAMU-
ENTO X0852885) b female, antenna, lateral view (TAMU-ENTO X0852877) ¢ male, fore wing, dorsal
view (TAMU-ENTO X0852885) d female, fore wing, dorsal view (TAMU-ENTO X0852875) e female,
hind wing, dorsal view (TAMU-ENTO X0852869) f female, metasoma, ventral view (TAMU-ENTO
X0852880) g female, mesosoma, dorsal view (TAMU-ENTO X0852880) h male, genitalia, ventral view
(TAMU-ENTO X0852885).






