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ABSTRACT

The discovery of a remarkable new palm bug species on Norfolk Island brings into question its
systematic position within the family Thaumastocoridae, and the validity and biogeography of the
three extant subfamilies. Latebracoris norfolcensis gen. nov., sp. nov. is described from remote
Norfolk Island in the Southwest Pacific. The species was found on the native Norfolk Island palm
Rhopalostylis baueri. The formal description of the species includes fine details of external non-
genitalic and genitalic characters, supported with images from light and scanning electron
microscopy. Details of the egg are described, including the shape and micropylar configuration.
All nymphal stages are diagnosed morphologically and morphometrically, with the segregation of
the five instars using the Brooks—Dyar Rule. The natural history of the Norfolk Island Palm Bug is
documented, including the oviposition site of eggs, and microhabitat of nymphs and adults on
palm infructescences, with hypotheses about development in relation to reproductive succession
of the palm host. The systematic position of the Norfolk Island Palm Bug is assessed through a
phylogenetic analysis of a selection of taxa of the superfamily Miroidea, using the parsimony
criterion. The phylogenetic analyses were partitioned into Recent and fossil taxa, revealing
the the
Xylastodorinae, with synapomorphy and significant resampling support. The Thaicorinae are
with the Xylastodorinae. The monotypic
Thaumastotinginae is removed from the Thaumastocoridae and treated as incertae familiae.

monophyly  of Thaumastocoridae, and subfamilies Thaumastocorinae and

verified as synonymous fossil  subfamily
Suprageneric relationships were corroborated in the two taxon partition analyses. An overview
of host associations is given verifying palm specialism for the Xylastodorinae. The natural history,
palm specialism, biogeography, morphology and systematics of the Xylastodorinae and allies are
discussed in light of the discovery of Latebracoris norfolcensis.

ZooBank: urn:lsid:zoobank.org:pub:40A20DE4-6489-4B67-BF2E-0B7256BAICD |

Keywords:
Thaumastocoridae, Xylastodorinae.
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Introduction

Van Doesburg et al. (2010) reported the discovery of a new palm bug (Insecta: Heteroptera:
Thaumastocoridae: Xylastodorinae) from New Caledonia, Proxylastodoris kuscheli van
Doesburg, Cassis & Monteith, 2010, collected on Burretiokentia vieillardii (Brongn. &
Gris) Pic.Serm (Arecaceae). This was the first extant palm bug species of Xylastodorinae
recorded from the Eastern Hemisphere. We report in this work the discovery of a second
Southwest Pacific xylastodorine species, Latebracoris norfolcensis gen. nov., sp. nov., from
Norfolk Island. This suggests xylastodorine relictualism in the Southwest Pacific (van
Doesburg et al. 2010). The fact that Proxylastodoris kuscheli is congeneric with the
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Baltic amber species Proxylastodoris gerdae Bechly &
Wittmann, 2000 (Bechly and Wittmann 2000) also indicates
a broader Eastern Hemisphere biogeographic history (van
Doesburg et al. 2010), with an Eocene minimum age (van
Doesburg et al. 2010). This also suggests an ancestral and
near cosmopolitan distribution for the Xylastodorinae, taking
into account the Western Hemisphere Miocene species
Discocoris dominicanus Slater & Baranowski, 2000 (Slater
and Baranowksi 2000) from Dominican amber and the recent
transfer of the Indo-Malayan species Thaicoris sedlaceki
Kormilev, 1969 to the Xylastodorinae (Schuh and
Weirauch 2020).

Like the New Caledonian palm bug and the Western
Hemisphere Xylastodorinae, Latebracoris norfolcensis is
associated with palms (viz. Rhopalostylis baueri (Hook.f.)
H.Wendl & Drude). This verifies palm specialism at a trans-
oceanic scale (van Doesburg et al. 2010). Poinar and Poinar
(1999) speculated palm affiliation for xylastodorines in the
Eocene, in an era when palms were diverse in the Australian
biogeographic region (Dowe 2010). Alternatively, xylastodor-
ines are conceivably undersampled in the Eastern Hemisphere,
with the recent New Caledonian (van Doesburg et al. 2010)
and Norfolk Island discoveries. This suggestion is predicated
on the inaccessibility of inflorescences and infructescences of
many palm species at ground level, including those inhabited
by xylastodorines (Couturier et al. 2002; van Doesburg et al.
2010). Anecdotally, heteropterists pay little attention to palms
as hosts, with few palmivory records in the literature (Howard
et al. 2001) and there is also a lack of evidence of palm
specialism at the suprageneric level in the Heteroptera, aside
from the Xylastodorinae (Couturier et al. 1998, 2002; Cassis
et al. 1999).

Latebracoris norfolcensis, together with described fossil
and extant species of Xylastodorinae, exhibit morphological
stasis, spanning ~33 million years, with conserved somatic
(e.g. flattened body, corial cells) and genitalic (e.g. pygo-
phore asymmetry) characters. This likeness allows testing of
the suprageneric classification of the Thaumastocoridae
with integration of the classification of fossil and Recent
taxa (sensu Szwedo 2016), albeit with limitations of fossil
preservation (Cassis and Schuh 2010). Foremost is the status
of the Thaicorinae that Heiss and Popov (2002) transferred
from the Piesmatidae to the Thaumastocoridae based on the
asymmetrical male genitalia, maintaining its subfamilial
ranking. On the contrary, Schuh and Weirauch (2020) con-
sidered the Thaicorinae synonymous with the Xylastodorinae,
given shared possession of pretarsal (i.e. presence of ‘pulvilli’)
and genital (i.e. absence of parameres) characters. The classi-
fication of the Thaumastocoridae is also complicated by the
work of Heiss and Golub (2015), who described a Burmese
amber fossil, Thaumastotingis areolatus Heiss & Golub, 2015,
assigning it to the Thaumastocoridae, in its own subfamily,
the Thaumastotinginae. The discovery of Latebracoris norfol-
censis provides an opportunity to ascertain its systematic
position and impact on the classification of the infraorder

Cimicomorpha and superfamily Miroidea (sensu Schuh and
Stys 1991).

The aims of this work are to: (1) formally describe
Latebracoris norfolcensis gen. nov., sp. nov.; (2) document
the natural history of this species, including all life stages on
the palm host; (3) phylogenetically analyse the systematic
position of L. norfolcensis in the cimicomorphan superfamily
Miroidea, using exemplar taxa of suprageneric groups; (4)
test the validity of the four Thaumastocoridae subfamilies
(Thaumastocorinae, Xylastodorinae, Thaicorinae and
Thaumastotinginae); (5) assess palm specialism of the
Xylastodorinae in relation to a tribal phylogeny of the
palm family Arecaceae (Baker and Dransfield 2016); and
(6) discuss the biogeography and conservation of L. norfol-
censis on Norfolk Island.

Palm associations and natural history of the
Xylastodorinae

All Xylastodorinae feed on palms (Arecaceae), with 8 genera
and 11 species of palms recorded as hosts (Barber 1920;
Kormilev 1955; Baranowski 1958; Viana and Carpintero
1981; Slater and Schuh 1990; Couturier et al. 1998, 2002;
Cassis et al. 1999; van Doesburg et al. 2010). The monotypic
South-East Asian Thaicoris is the only genus of the four
extant xylastodorine genera for which neither foodplant
nor biology is known, with T. sedlaceki known from
Thailand and Java (Heiss and Popov 2002). The biology of
Xylastodoris luteolus Barber, 1920, in comparison to the other
three xylastodorine genera is well known, which is a pest of
the ornamental royal palm, Roystonea regia (Kunth) O.F.Cook
that is native to Cuba and introduced to Florida (Baranowski
1958; Weissling et al. 2012). The elongated, flattened adults
and nymphs live in narrow spaces between compressed and
unexpanded leaflets, feeding on leaf tissues and laying eggs
among surface vestiture of the leaflet midribs.

The remaining two genera, the New Caledonian
Proxylastodoris van Doesburg, Cassis & Monteith, 2010 and
the Neotropical Discocoris Kormilev, 1955, the latter with five
described species, both occur on flowering or fruiting struc-
tures of palms. Adults and nymphs of Proxylastodoris kuscheli
occur on both inflorescences and infructescences of
Burretiokentia vieillardii, although further details of the biol-
ogy are cursory (van Doesburg et al. 2010). Discocoris species
are oval and greatly flattened, with explanate margins of the
thorax and hemelytra such that the appendages are concealed
beneath the body. Most records are from inflorescences or
infructescences of palms (Couturier et al. 1998; Cassis et al.
1999). Couturier et al. (2002) investigated the biology of
Discocoris drakei Slater & Ashlock, 1959 in detail, recording
it from the palm Oenocarpus mapora Karsten in Belém, Brazil.
Winged adults were found to arrive on young inflorescences
when the male flowers first open in large numbers, feeding on
the unopened female flowers and laying eggs in the fissure
around the base of female flowers. The hatching nymphs feed
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on the young female flowers, pass through five instars in
15-20days, and by the time the fruit are forming have
moulted to adults and leave the inflorescence. They recorded
no palm bug activity on infructescences as fruit mature.

Morphology of life stages of Xylastodorinae

Eggs have been described and illustrated for species exem-
plars of all extant xylastodorine genera except Thaicoris. In
Proxylastodoris kuscheli, the illustrated ovarian egg, missing
the operculum, is barrel-shaped and oval in cross-section
and has an erect fringe of ~40 contiguous, subrectangular
micropylar processes around the aperture (van Doesburg
et al. 2010). The surface has a continuous raised, hexagonal
pattern (van Doesburg et al. 2010). The egg of Xylastodoris
luteolus is elongated, cylindrical, capped with a textured
operculum without a fringe of micropylar processes and
with the chorion having a fine hexagonal surface
(Baranowski 1958; Cobben 1968; Weissling et al. 2012). In
Discocoris species, the egg is erect and has a slightly curved
urn-shape with the basal half slightly flattened and this is
inserted into the fissure around the flower base. The chorion
surface has hexagonal sculpturing, each hexagon having a
minute pore in the centre. The operculum is circular and the
opening lacks micropylar processes (Couturier et al. 2002).
Cobben (1968) assessed the egg structure in Xylastodoris
luteolus and Discocoris species.

Nymphal Xylastodorinae have been illustrated for all
extant genera except Thaicoris. Instar V of Proxylastodoris
kuscheli has wing buds reaching the rear margin of abdomi-
nal tergum 3 and a single dorsal scent gland opening slightly
posterior to the border between abdominal terga 3 and 4
(van Doesburg et al. 2010). Slater and Schuh (1990) illus-
trated instar V of Discocoris imperialis Slater & Schuh, 1990
that has two scent glands, each with a single opening, at the
anterior margins of abdominal terga 4 and 5. Couturier et al.
(2002) state that for D. drakei, the two single-opening
glands are at the anterior margin of abdominal terga 4
and 5 but the illustration seems to show these on terga 5
and 6. All instars are described and the first instars are noted
to have a marginal fringe of specialised, stout, branched
setae not recorded elsewhere in the family. Xylastodoris
luteolus nymphs have two scent glands situated at the ante-
rior borders of abdominal terga 4 and 5, each with ‘openings
double but very close together’ (Schaefer 1969). The latter is
the only xylastodorine with paired openings, though Schuh
and Weirauch (2020) incorrectly state that this is a sub-
family characteristic. All Thaumastocorinae where nymphs
have been described have two abdominal scent glands, with
single openings, situated at boundaries between abdominal
terga 3/4 and 4/5 (e.g. Slater 1973). Cassis et al. (1999)
placed these between abdominal terga 4/5 and 5/6 in
Onymocoris stysi Cassis, Schuh & Brailovsky, 1999.

Adult xylastodorine species are diagnosed by the pres-
ence of antenniferous tubercles, an expanded costal area,
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the corium reaching near the apex of the hemelytra, the
presence of a metathoracic gland external efferent system,
the absence of a tibial appendix, presence of pseudopulvilli
and the absence of parameres (Drake and Slater 1957; Schuh
and Stys 1991; Schuh and Slater 1995; van Doesburg et al.
2010). These characters readily differentiate these species
from the Thaumastocorinae, with species of the latter lacking
antenniferous tubercles, the eyes are usually strongly pedun-
culate and the left paramere is present (Drake and Slater
1957; Noack et al. 2011). Head characters exhibit variation
within both thaumastocorid subfamilies, including the size
and degree of dorsalisation of the mandibular plates (e.g. cf.
Slater and Schuh 1990 for Xylastodorinae with Drake and
Slater 1957 for Thaumastocorinae). The pronotum is not
diagnostic for the subfamilies, with variation between genera
in the Xylastodorinae. For example, the anterolateral margins
in Latebracoris norfolcensis and Discocoris species project
strongly in front of the eyes and as a result the head is deeply
embedded in the pronotum (e.g. Slater and Schuh 1990),
whereas the pronotum has a small anterolateral tubercle in
Proxylastodoris species and the head is not embedded (van
Doesburg et al. 2010). The hemelytron has pronounced dif-
ferences in the Xylastodorinae, including in Latebracoris nor-
folcensis, with the median flexion line divergent from R + M,
shortened in length and removed from the costal margin. In
the Thaumastocorinae the median flexion line is adjacent to
the costal margin and not distally divergent as in Onymocoris
stysi (Cassis et al. 1999). By contrast, the hind wing shows
little promise in determining relationships, with morphologi-
cal homogeneity (Drake and Slater 1957; van Doesburg et al.
2010). The thaumastocorid hind wing also shares similarities
with the Tingidae, although Lis (1999) illustrated ‘secondary
veins’ between the two folds of the hind wing in Tingidae that
are lacking in thaumastocorids reported on to date.
Documentation of the male and female genitalia is lim-
ited in the Xylastodorinae. Descriptions and illustrations for
both are limited to Xylastodoris luteolus (Drake and Slater
1957) and Proxylastodoris kuscheli (van Doesburg et al.
2010). The aedeagus in both is composed of a mostly mem-
branous endosoma that has elongated spicules in the former
species and not in the latter. The female genitalia are poorly
understood and characterised by simplicity, lacking an ovi-
positor (Drake and Slater 1957), uncertainty about the pres-
ence of a sperm storage organ and a membranous bursa
copulatrix without sclerotisation (van Doesburg et al. 2010).

Phylogenetics and classification of
Thaumastocoridae and Miroidea

Historical treatments of the Thaumastocoridae have been
provided by Schuh and Slater (1995), Cassis et al. (1999),
Cassis and Gross (1995) and van Doesburg et al. (2010). The
monophyly and systematic position of the Thaumastocoridae
were first treated phylogenetically by Schuh and Stys (1991),
who confirmed the placement of the Thaumastocoridae in the
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infraorder Cimicomorpha, within the suprageneric group
Miriformes. This comprised the Microphysidae, Joppeicidae,
Miridae, Tingidae and Thaumastocoridae, with the latter
three families placed in the herbivorous and subordinate
superfamily Miroidea. Kerzhner (1981) erected an alternative
sister-group relationship between the Tingidae and
Thaumastocoridae but related these distantly to the
Miridae; however, this was not based on an analysis of codi-
fied characters.

The monophyly and suprageneric position has also
recently been tested with total evidence phylogenetic analy-
ses of morphological and multilocus sequence partitions
(Schuh et al. 2009; Weirauch et al. 2019), and a molecular
only study (Tian et al. 2008). Schuh et al. (2009) confirmed
the placement of the Thaumastocoridae within the
Cimicomorpha and falsified the Miriformes, with the preda-
ceous Microphysidae and Joppeicidae included in the super-
family Cimicoidea. These authors did not recover the
Thaumastocoridae as a monophyletic group, with the
Thaumastocorinae and Xylastodorinae distantly related to
each other, and also far removed phylogenetically from the
Tingidae + Miridae. By contrast, Weirauch et al. (2019)
recovered the Miroidea as erected by Schuh and Stys
(1991), in a RAXML analysis, with 90% resampling support,
with the Thaumastocorinae and Xylastodorinae as sister-
groups but with moderate support (72%). Morphological
synapomorphies to support Miroidea were also found,
including the elongated bucculae, fused lateral abdominal
tergites and asymmetrical parameres that are all nonetheless
contradicted within the superfamily. Tian et al. (2008) did
not recover the Miroidea, with equivocal relationships for
the Thaumastocoridae in both Maximum Likelihood and
Bayesian analyses, albeit with a limited sample of nrDNA
and rDNA sequences.

The classification and validity of the subfamily
Thaicorinae have received little attention. Heiss and Popov
(2002) transferred Thaicoris sedlaceki from the pentatomo-
morphan family Piesmatidae to the Thaumastocoridae, pri-
marily on the basis of the unique male and female genitalia,
and maintained its subfamilial status. Van Doesburg et al.
(2010) commented on the shared pseudopulvilli between
Thaicorinae and Xylastodorinae, suggesting a sister-group
relationship but requiring a cladistic analysis. Schuh and
Weirauch (2020) considered the presence of pretarsal ‘pul-
villi’ in T. sedlaceki as shared with the Xylastodorinae,
synonymising the Thaicorinae and effectively recognising
the Xylastodorinae from tropical Asia for the first time.

Fossil Xylastodorinae and Thaumastotinginae

Five fossil species are assigned to the Thaumastocoridae,
two of which are from Dominican amber (Miocene)
(Discocoris dominicanus and Paleodoris lattini Poinar &
Santiago-Blay, 1997), two from Baltic amber (Eocene)
(Proxylastodoris gerdae and Thaumastotingis areolatus) and

Protodoris minusculus Nel, Waller & de Ploég, 2004 from
Paris Basin amber (Eocene). Cassis and Schuh (2010)
removed P. minusculus from the Thaumastocoridae, with
the specimen poorly preserved and lacking the diagnostic
characters needed to assign it to the Thaumastocoridae. The
other four species are well preserved and their inclusion in
the Xylastodorinae is defensible. Although D. dominicanus
and P. lattini do not possess diagnostic genitalic characters,
these species possess secondary characters (i.e. enlarged
mandibular plates, explanate costal area) that are sufficient
for testing inclusion in the Xylastodorinae.

Heiss and Golub (2015) tentatively assigned the fossil
taxon Thaumastotingis areolatus to the Thaumastocoridae,
in its own subfamily, the Thaumastotinginae. Shared char-
acters with both the Tingidae (e.g. areolate paranota and
hemelytra, and wing venation) and Thaumastocoridae (e.g.
absence of pronotal carinae, asymmetrical male genitalia,
‘pulvilli’ as in Xylastodorinae) were reported.

Norfolk Island and conservation of Latebracoris
norfolcensis

Norfolk Island is an oceanic island of ~35km? that is
~3million years old, originating on the Norfolk Island
Ridge (Holloway 1977, 1990). The island has biogeographic
significance, given its remoteness, ~1400 km east of north-
ern New South Wales, ~750 km SSW of New Caledonia and
~750km NNW of New Zealand (Holloway 1977). Norfolk
Island was a subtropical island with closed canopy vegeta-
tion prior to European habitation (Rentz 1988) but has been
subject to extensive land clearance, with only ~5% of native
vegetation remaining (Macphail et al. 2001), coupled with
the deleterious impacts of invasive species (Holloway 1977,
1982; Green and Wilson 1994). A great deal of the native
biota is now restricted to the Norfolk Island National Park
(Director of National Parks 2010, 2018). The confinement of
Latebracoris norfolcensis sp. nov. within the 460 ha (13% of
area of island) of the national park has conservation impor-
tance given its extreme narrow range and putative phyloge-
netic endemism.

Materials and methods

Materials

This study is based on examination of 297 specimens. The
specimens are housed in the following institutions: AM,
Australian Museum, Sydney; ANIC, Australian National Insect
Collection, Canberra; AMNH, American Museum of Natural
History, New York; MNHN, Muséum national d’Histoire natur-
elle, Paris; NHM, Natural History Museum, London; QM,
Queensland Museum, Brisbane; UNSW, University of New
South Wales, Sydney. Specimens for the phylogenetic analysis
were borrowed from the AMNH, AM and QM.
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Palm host distribution, habitat and reproductive
biology

The only known foodplant of Latebracoris norfolcensis is
Rhopalostylis baueri, the sole native palm of Norfolk Island.
The only other natural occurrence of this palm is in the oceanic
Kermadec Islands, 1370km east of Norfolk Island (Dowe
2010). The only congener is Rhopalostylis sapida (Sol ex
G.Forst) H.Wendl & Drude, a native palm in New Zealand
that occurs widely on both the North Island and the northern
half of the South Island, and on Chatham Island, where it is the
most southerly palm species known (Salmon 1986).

Dowe (2010) summarised the phylogenetic relationships
of Australian palm genera. He related Rhopalostylis
HWendl & Drude with the Lord Howe Island monotypic
and endemic genus Hedyscepe H.Wendl & Drude in the
subtribe Rhopalostylinae, which is sister to the subtribe
Archontophoenicinae that also has a number of genera in
Australia and New Caledonia. Burretiokentia Pic.Serm., host

1
167.94°E

Mt Bates 319 m A

Mt Pitt 318 ml.‘;

Fig. I.

to the New Caledonian Proxylastodoris kuscheli, belongs to
the related subtribe Basseliniinae, which comprises the Lord
Howe monotypic and endemic genus Lepidorrhachis
(H.Wendl & Drude) O.F.Cook and other genera on Southwest
Pacific islands but not from the Australian mainland (Pintaud
and Baker 2008). The Norfolk Island palm is a tall, slender,
single-stemmed monoecious palm, reaching 18 m in height
that grows abundantly within the preserved forest areas of
the island and is especially common along the valley floors
within the National Park (Fig. 1). Palms that grow in full light
beside roads and tracks through the forest may be very short,
and bear flowers and fruit close to the ground. (Fig. 2c, d)
Morphological palm terms are defined here to facilitate
later discussion on palm bug biology. The leaves have pin-
nate leaflets arranged along the terminal shaft-like petiole
that is attached to the trunk by a tubular crownshaft. When
the palm reaches maturity, a complex branched inflorescence
develops inside the crownshaft in a sac-like structure (the
spathe) formed by two enclosing bracts at the base of the

O Latebracoris norfolcensis
/A  Mountain peak
[ Norfolk Island National Park

Nine localities of Latebracoris norfolcensis sp. nov. within Norfolk Island National Park,

where most of the intact forest occurs on the island. Norfolk Island forest remnants outside the
National Park were not sampled for the Norfolk Island palm bug.
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Fig. 2.

Field collecting of Latebracoris norfolcensis sp. nov. on the palm, Rhopalostylis baueri, on Norfolk Island. (a) Detail of net

used to spray with cord-activated pyrethrin aerosol to collect thaumastocorids from high infructescences of the palm. (b) Geoff
Monteith using the net to collect on lower palms. The handle could be extended to 6 m for higher palms. (c) Tony Postle beside
the very short palm on which the first specimens were collected in 2019. The blue sheets are for catching falling bugs after hand
spraying infructescences with aerosol pyrethrin. (d) Rhopalostylis baueri bearing four sequential axillary infructescences. Green
fruit are the youngest (IF), red fruit on the right are in the second stage of development, scattered fruit on the left are at the third
stage of development and old withered rachillae, lacking fruit are in foreground. Abbreviations: EN, extension handle; IC, insect

aerosol can; NE, net.

inflorescence (Fig. 3e). When the leaf is shed, the spathe is
exposed and the two bracts are shed allowing the primordial
inflorescence to expand into a complex structure of which the
terminal branches are termed rachillae. These are initially
white and bear the separate male and female flowers. After
pollination the male flowers are shed and the female flowers

develop to hard spherical, berry-like fruit (that are technically
drupes). The inflorescence is subsequently termed an infructes-
cence. Bases of the individual fruit are inserted into a circular
depression in the rachilla known as the cupule and surrounded
by a basal circlet of six overlapping brown perianth scales that
are the hardened petals and sepals of the flowers (Fig. 2d, 3).
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Fig. 3.
Rhopalostylis baueri, concolourous with perianth scales. Red arrows indicate fissure around base of fruit where eggs are laid.
(b) Adult apparently feeding on green rachilla of R. baueri while positioned to resemble perianth scales. (c) Adult on infructescence
rachilla. (d) Adult resting in cupule from which fruit has been shed. (e) Unopened Rhopalostylis baueri spathe, in foreground, under
which adults were aggregated.

The fruits are initially white, subsequently turn green and
finally bright red at maturity (Fig. 2d, 3a—c). The rachillae
also turn green when fruit are set (Fig. 3a—c).

Fieldwork

Latebracoris norfolcensis was collected in the Norfolk Island
National Park, at nine locations (Fig. 1). The initial collec-
tion of seven specimens of the Norfolk Island palm bug was
made by Anthony Postle by beating the infructescences of a
low specimen of the palm Rhopalostylis baueri beside a
rainforest walking track in December 2019 (Fig. 2c); these
specimens were collected serendipitously while searching
for anthocorid bugs. Upon return to Australia, Geoff
Monteith (Queensland Museum) recognised this as a new
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Microhabitat and host of Latebracoris norfolcensis sp. nov. (a) Cryptic adult (yellow arrow) on infructescence rachilla of

thaumastocorid palm bug, having been an author and col-
lector of the New Caledonian palm bug, Proxylastodoris
kuscheli (van Doesburg et al. 2010). Postle and Monteith
revisited Norfolk Island in the period 2-9 February 2021
and resurveyed the palm host in the Norfolk Island National
Park under Permit Number NINP 2020/R/03 to Anthony
Postle. Success in collecting the New Caledonian species
came from spraying low fruiting and flowering palms with
hand-held cans of rapid-breakdown aerosol pyrethrin and
collecting falling palm bugs on sheets spread on the ground
(Fig. 2c; also see van Doesburg et al. 2010, fig. 43 for
Proxylastodoris kuscheli knockdown method).

However, since most palms on Norfolk Island were
expected to be much taller, an extensible insect net device
was built in Brisbane. A 70-cm diameter butterfly net hoop
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with a 1 m deep bag of fine voile fabric was attached to a
telescopic handle that extended to 6 m (Fig. 2a, b). The hoop
was bent back at 45° so the net could be more easily slipped
over a large hanging palm infructescence when the net was
raised vertically. A cylindrical aerosol can holder with a simple
lever device that could depress the button on the aerosol by
pulling a cord that led down through ferrules to the user
(Fig. 2a) was attached on the handle at the base of the hoop.
At the time of the visit, no palms had new flowers but most
had fruit of various ages (Fig. 2d). In the field individual
infructescences were sprayed with the pyrethrin aerosol as
the extended net was slipped over and subsequently held in
position for several minutes while insects and debris fell into
the net. Several infructescences were treated in this way
before lowering the net for collection. Net contents were
transferred to ethanol and searched under a stereomicroscope
for palm bugs. Very low fruiting palms were sprayed directly
and bugs collected from sheets spread on the ground
(Fig. 2c). These aerosol methods proved highly successful.
Low unsprayed infructescences were examined directly for
insects in the field and one whole infructescence was col-
lected and systematically searched under a stereomicroscope
for insects and eggs. Low numbers were taken in this way.
During the February 2021 visit, extensive beating of
other plants was undertaken, malaise traps were run, sifted
leaf litter was processed through Berlese funnels, and pyre-
thrin spraying of logs and tree trunks was carried out. None
of these methods yielded the xylastodorine palm bug. James
Tweed commenced a PhD project at the University of
Queensland on insect conservation on Norfolk Island at
the beginning of 2022. We briefed him on the new xylasto-
dorinae that he located at two localities by beating low
palms in February and September 2022, and at a third
locality he found a specimen in a malaise trap in
September 2022. Tweed saw an adult on palm rachillae in
February 2023 and nymphs in March 2023. All study sites
are within the Norfolk Island National Park where Tweed’s
collecting is covered by Permit Number ‘James Tweed 2/9/
22-30/4/23’. Glynn Maynard, a retired entomologist living
on Norfolk Island, made visual observations of nymphs of
the palm bug resting in cupules in May and June 2023.

Morphometrics

Standard taxonomic measurements were taken of 10 males,
including the holotype and nine females, in millimetres with
a 10x eyepiece graticule attached to a Leica M3Z stereo-
microscope. The adult measurements are given in the
L. norfolcensis species description.

Head widths across the outer margin of eyes and body
length from the apex of the clypeus to the tip of the abdo-
men were taken of 130 nymphs from a single collection.
These data were used for plotting size distribution of the
nymphal instars using the procedures of the Brooks-Dyar
Rule (Floater 1996).

Genitalic preparation

The male genitalia were macerated in 5% KOH and washed in
distilled water. The pygophore was removed from the abdo-
men and further dissected, and the aedeagus was heated in
lactic acid and the endosoma was partly expanded. The male
genitalia were illustrated using a Leica DMB compound micro-
scope. The female genitalia were also macerated as above. The
abdominal terga were removed, and the bursa copulatrix,
oviducts and ovarioles in part were examined and illustrated.
The terminology follows van Doesburg et al. (2010) in part.
We recognised two distinct regions of the ductus seminis for
the male aedeagus: the basal annulated component we refer to
as the ductus seminis proximalis and the distal component
with tile-like sclerotisation as the ductus seminis distalis.

Imaging

Field photographs of habitats and live specimens were taken
with a Canon SX1100 camera (Monteith) and an Olympus
TG-5 (Tweed). Habitus photographs were taken at the
Queensland Museum on a Visionary Digital BK-Plus imaging
system, using a Canon 5DS camera. Focus stacking was done
with Zerene Stacker software, and edited with Photoshop
and Topaz Al software.

Scanning electron micrographs were produced at the
University of NSW using a Hitachi TM3000 desktop scanner.
Specimens were uncoated and imaged at low voltage.
Morphological adult and egg characters were imaged using
the scanning electron microscope (SEM) and TM3000 software
(ver. 02-01, see https://www.hitachi-hightech.com/file/us/
pdf/library/literature/TM3000-TableTopSEM-BrochureHTD-
E188Q.pdf).

Phylogenetics

The phylogenetic analysis in this work presupposes the
superfamily Miroidea as a monophyletic group, following
Schuh and gtys (1991), Weirauch et al. (2019) and phylo-
genomic results in progress (Cassis et al., in prep.). The main
hypotheses tested herein are: (1) Miridae + Tingidae are
sister taxa (Schuh and Stys 1991; Schuh et al. 2009); (2)
Tingidae + Thaumastocoridae are sister taxa (Kerzhner
1981); (3) Thaumastocoridae is a monophyletic group
(Schuh and §tys 1991); (4) Thaumastocoridae is not a mono-
phyletic group (Schuh et al. 2009); (5) Thaumastotinginae is
a member of Thaumastocoridae (Heiss and Golub 2015); (6)
Thaicorinae is synonymous with Xylastodorinae (Schuh and
Weirauch 2020); (7) Thaumastocorinae and Xylastodorinae
are monophyletic groups (Schuh and Stys 1991; Schuh et al.
2009; Weirauch et al. 2019); and (8) the suprageneric rela-
tionships in the (a) Recent only, and (b) Recent and fossil
taxon partitions in this work are corroborated. Genus-group
monophyly and relationships in the Thaumastocoridae are
not exhaustively tested, as only exemplar taxa were codified.

Taxon representatives of the three Miroidea families
(Miridae, Thaumastocoridae and Tingidae) were analysed.
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The Recent species by suprageneric taxa were: (1) Miridae
(Dicyphus famelicus (Uhler, 1878), and Trilaccus mimeticus
Chan & Cassis, 2019); (2) two species of Vianaidinae
(Anommatocoris araguanus Guidoti, Montemayer, Campos
& Guilbert, 2020, Pterovianaida melchiori Guidoti,
Montemayer, Campos & Guilbert, 2020); (3) two species of
Tingidae: Tinginae; Tingini (Epimixia vulturna Kirkaldy,
1908, Inoma stysi Cassis & Symonds, 2008); (4) four species
of Tingidae: Cantacaderinae (Allocader cordatus (Hacker,
1928), Cantacader sp., Carldrakeana socia (Drake &
Ruhoff, 1961), Ceratocader sp.); (5) two species of
Tingidae: Tinginae: Phatnominae (Phatnoma hackeri
Drake, 1928, P. pacifica Kirkaldy, 1908); (6) six species of
Thaumastocoridae: Thaumastocorinae (Thaumastocoris
hackeri Drake & Slater, 1957, Thaumastocoris petilus Drake
& Slater, 1957, Baclozygum bergrothi Drake & Slater, 1957,
Baclozygum depressum Bergroth, 1909, Onymocoris barberi
Drake & Slater, 1957 and O. stysi Cassis, Schuh & Brailovsky,
1999); and (7) six species of Thaumastocoridae:
Xylastodorinae (Discocoris drakei, D. fernandezi Slater &
Brailovsky, 1983, Latebracoris norfolcensis sp. nov.,
Proxylastodoris  kuscheli,  Thaicoris  sedlaceki  and
Xylastodoris luteolus). The following fossil taxa were codified
from the literature: (1) Thaumastotingis areolatus
(Thaumastocoridae: Thaumastotinginae); and (2) three species
of Thaumastocorinae: Xylastodorinae (Discocoris dominicanus,
Paleodoris lattini and Proxylastodoris gerdae). Trees were
rooted with Nabis kinbergii Reuter, 1872 (Nabidae: Nabinae).

Phylogenetic analyses were conducted on exemplars of
the 3 families of the Miroidea, based on codification of 65
unordered morphological characters for 31 species, in two
taxon partitions: (1) Recent taxa only, and (2) Recent and
fossil taxa. The data matrix was prepared in Mesquite soft-
ware (ver. 3.5, see http://www.mesquiteproject.org) and is
given in Table 1. The phylogenetic analyses were based on
the parsimony criterion, conducted in TNT (ver. 1.5, see
https://www.lillo.org.ar/phylogeny/tnt/;  Goloboff and
Catalano 2016), with New Technology default settings for
Sectorial search and Tree fusing, and the Ratchet set at 1000
iterations. Analyses were conducted with equal (EW) and
implied (IW) weights. For IW, the K value was set at 3, 5, 7,
10 and 100, with the most consistent tree topology used for
resampling and character optimisation. The tree length for
the minimal tree was calculated in TNT. For both taxon
partitions, the IW minimal tree was subject to symmetrical
resampling estimation with 10 000 replications. Character
optimisation was produced in TNT. The tree file was trans-
ferred to Mesquite to calculate the consistency (CI) and
retention (RI) indices. The data matrix and tree file were
transferred to Winclada (ver. 1.00.08, see www.
diversityoflife.org/winclada; Nixon 2002) to produce graph-
ical depiction of the trees. The two trees in the Phylogenetic
analyses section (see Fig. 13 and 14) give the character state
transformations for each node, with uncontradicted synapo-
morphies in closed circles (each with character number above
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and character state below each circle); contradicted synapo-
morphies are given in open circles, including on branches to
terminal taxa. Resampling values >50% are given in black
circles for nodes in Fig. 13 and 14 in the Phylogenetic analy-
ses section, and are considered significant.

The morphological characters were codified for the
abovementioned taxa, based on new observations and char-
acters drawn from phylogenetic analyses of Schuh and Stys
(1991; Cimicomorpha), Lis (1999; Tingidae s.l.), Guilbert
(2001; Tingidae s.1.), Schuh et al. (2006; Miroidea), Schuh
et al. (2009; Cimicomorpha), Guilbert et al. (2014; Tingidae
s.l.), Weirauch et al. (2019; Cimicomorpha) and Guidoti
et al. (2020; Vianaidinae). These were largely verified for
the study taxa and supplemented with confirmation from
seminal works, including Drake and Davis (1960), Kumar
(1964), van Doesburg et al. (2010) and Golub and Popov
(2016). Although there are egg and nymphal characters that
may have phylogenetic value, evidence of these is fragmen-
tary at the species level and are therefore excluded from the
analysis. Substantial character state inapplicability exits for
the fossil taxa in the dataset given their absence, particularly
for genitalia of both sexes.

The character and character states are given in the results
section, preceding the phylogenetic results.

Results

Biology

Natural history

A total of 27 males, 21 females, 249 nymphs and 11
batches of eggs of the Norfolk Island palm bug were col-
lected during fieldwork in 2019-2020. All except one adult,
which was taken in a malaise trap, were collected on infruc-
tescences of Rhopalostylis baueri. The first individual palm
sampled in February 2021 was the same plant from which
the initial chance collection was made in December 2019
(Fig. 2¢). This bore four post-flowering low infructescences
of different ages (Fig. 2d), three of which bore fruit of
various ages and could be examined directly at head height.
No adults or nymphs were detected after close visual exam-
ination for 15 min by G. B. Monteith and A. Postle. Sheets
were subsequently spread on the ground and the infructes-
cences sprayed with aerosol pyrethrin. This yielded 10
adults (e.g. Fig. 3a—c) and 83 nymphs of all instars, demon-
strating the crypsis of this xylastodorine species and how
difficult the bugs were to detect by eye (e.g. Fig. 3d).

Fruiting rachillae from the same palm were taken for
microscopic examination on the same day, yielding several
batches of eggs. These were all inserted around the base of
the fruit in the narrow fissure between the outer surface of
the petiolar scales and the raised edge of the cupule in the
rachilla surface where the fruit develops (Fig. 3a-d). Eggs
were most often deposited in tight-spaced single rows of up
to seven eggs in a linear configuration (e.g. Fig. 4a—f), albeit
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Fig. 4. Eggs and oviposition sites of Latebracoris norfolcensis sp. nov. (a) Dorsal view of a row of four eggs deposited on surface
of a basal perianth lobe of Rhopalostylis baueri fruit and embedded in adhesive secretion. (b) Lateral view of an egg. (c) Scanning
electron microscope (SEM) image of closed (left) and ecloded (right) eggs. (d) SEM image of aerolate fine structure of operculum.
(e) Pair of eggs laid on R. baueri, with remnant of adhesive secretion. (f). Higher magnification of egg in lateral view, with fine
structure of micropylar process. Abbreviations: as, adhesive secretion; mp, micropylar process; o, operculum; O(c), operculum
closed; O(o), operculum open, egg apparently ecloded; O(ae), aerolate fine structure of operculum.
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the occasional presence of single eggs. Eggs were always
lodged in a droplet of adhesive secretion that coated the side
of the egg against the petiolar scale and embedded approxi-
mately the lower third of the egg, with the operculum of the
egg free (Fig. 4b, e, f). A clear boundary is visible between
the adhesive associated with each egg, implying that the
female deposits a separate droplet of adhesive for each egg.

Subsequent to these initial observations, rachillae from
unsprayed palms were examined under the microscope and
living adults were located, almost always resting on the
petiolar scales (Fig. 3a-c). Adults were sometimes seen
moving between the scales on the green surface of the
rachillae but only once on the surface of a fruit.

A developing palm spathe is exposed when a leaf has
recently been shed (Fig. 3e). This develops as a leaf axillary
structure under a sheathing leaf base. When the leaf is
finally shed from the tree, the spathe expands, splits open
and the branched inflorescence is exposed, and subsequently
flowers and sets fruit. We found a cluster of a dozen adult
palm bugs under the new spathe when we pulled this away
from the trunk. We postulate that the palm bugs that bred
on the old inflorescence have migrated to beneath the new
inflorescence, awaiting opening.

Morphology

Egg morphology

The eggs of Latebracoris norfolcensis are shiny, dark brown,
urn-shaped, taper a little at top and bottom (Fig. 4a—f) and are
slightly flattened at the widest part. The egg has a height of
0.5 mm, the widest diameter 0.34 mm and narrowest diameter
0.25 mm. The operculum (Fig. 4a—d) is flat, circular, 0.19 mm in
diameter and bordered by ~30 close-set, subquadrate micropy-
lar processes, and has an areolate texture, with the raised
margins of each areole hexagonal in outline (Fig. 4a—).

Nymphal morphometrics and morphology

All nymphal instars of Latebracoris norfolcensis are greatly
flattened and semi-transparent with bright red eyes, with all
preserved specimens having a yellow colour, with alternating
transverse brown and reddish stripes on the abdomen
(Fig. 5b, c). The antennae are yellowish-brown, with darker
enbrownment on AIl and apex of AIV in later instars.

Dorsal views of each instar are shown in Fig. 5. A single,
red, dorsal abdominal scent gland is conspicuously present
in all instars (Fig. 5a). This consists of a subspherical reser-
voir within abdominal segment 4 that opens to a single
subcircular aperture slightly posterior to the anterior margin
of abdominal tergum 5. In all instars the labium reaches to
slightly beyond the hind margin of the metacoxae and is
four-segmented in later instars.

Following the procedures of the Brooks-Dyar Rule
(Floater 1996), both head width across the eyes and overall
head-body length provided segregation into five discrete
instars (Fig. 6). Size range (L, body length from apex of
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clypeus to tip of abdomen in millimetres) and the following
morphological attributes that also differentiate the five
instars are as follows.

First instar (Fig. 5b). L, 0.90-1.17; antenniferous
tubercle a minute, simple lobe with weakly angulate apex;
lateral margin of pronotum, a narrow carina; sides of body
fringed with long, fine, simple setae (as long as tibial diam-
eter) each arising from a small tubercle and at a density of
2-3 per body segment.

Second instar (Fig. 5b). L, 1.30-1.50; antennifer a flat-
tened lobe with two angled corners, but not forked; pronotum
with prominent explanate margin, becoming larger in subse-
quent instars; fringing setae on sides of body shorter than tibial
diameter and becoming relatively shorter in subsequent instars.

Third instar (Fig. 5¢). L, 1.93-2.08; antennifer forked
and becoming more so in subsequent instars; apex of maxil-
lary plate slightly bent mesially at apex and becoming more
so in subsequent instars.

Fourth instar (Fig. 5¢). L, 2.62-2.87; short mesonotal
wing buds present, not extending posteriorly beyond meta-
notum; explanate margin of pronotum and mesonotum
weakly serrate; anterior angles of pronotum extending for-
ward to level of centre of eye.

Fifth instar (Fig. 5¢). L, 3.54-3.82; prominent wing
buds present on both meso- and metanotum, reaching pos-
teriorly to hind margin of abdominal segment III; antenni-
ferous tubercle medially arcuate, and widely separated from
the lateral margins of the clypeus; thoracic margins strongly
serrate; anterior angles of pronotum extending forward to
anterior margin of eye or beyond.

The adult morphology is given in the formal taxonomic
description below.

Taxonomy

Family THAUMASTOCORIDAE Kirkaldy, 1908
Subfamily XYLASTODORINAE Barber, 1920

Latebracoris Cassis, Monteith & Postle, gen. nov.

(Fig. 1-15.)
ZooBank: urn:lsid:zoobank.org:act:F20F61E8-D94C-4063-BCB7-229E0B8

C2CB7
Type species

Latebracoris norfolcensis Cassis, Monteith & Postle sp. nov.,
by original designation.


https://zoobank.org/NomenclaturalActs/f20f61e8-d94c-4063-bcb7-229e0b8c2cb7
https://zoobank.org/NomenclaturalActs/f20f61e8-d94c-4063-bcb7-229e0b8c2cb7

www.publish.csiro.aufis Invertebrate Systematics

‘= stinstar
S

0.25 mm

2nd instar

. e b
. T 5th instar
% g & i 4 B e
G N A 0.5 mm
B S e

Fig. 5. Dorsal view of nymphal stages and dorsal abdominal gland of Latebracoris norfolcensis sp. nov. (a) Detail of dorsal
abdominal scent gland of fifth instar; (b) First and second instar; (c) Third to fifth instars. Abbreviations: AT(b), antenniferous
tubercle, apically bifurcate; AT(u), antenniferous tubercle, apically undivided; ALM, anterolateral margin of pronotum; CY,
clypeus; DAG(Re), dorsal abdominal gland reservoir; MP, mandibular plate; Ill-V, abdominal terga IlI-V.
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Size class distribution of Latebracoris norfolcensis sp. nov. segregated into five instars, based on head/body length (top)

and head width (bottom) measurements of 13| nymphs taken in a single pyrethrin collection.

Etymology

Prefix from the Latin ‘latebra’ meaning hidden, in reference
to the cryptic habit and the suffix ‘coris’ meaning bug; noun
in apposition.

Diagnosis

Latebracoris is recognised by the following combination of
characters: body ovoid (Fig. 7a, b), strongly dorsoventrally
flattened; ocelli postocular (7A); eyes small, suboval, sub-
stylate (Fig. 7a, b, 8a); labium reaching abdominal SIII;
acute anterolateral angles of pronotum projecting well
beyond posterior margin of head, reaching near anterior
margin of eyes; bifurcate antenniferous tubercles present
(Fig. 7a, b, 8a); abdominal sterna III and IV long (Fig. 7b);
without tibial appendix (Fig. 9e); tarsi with apical spinose
comb (Fig. 9e); pretarsus with elongated lamellate pseudo-
pulvilli (Fig. 9f); hemelytra with short median flexion line
(Fig. 10a); costal area broad, with corium reaching tip of
hemelytron (Fig. 10a); corium with four cells (Fig. 10a);
male abdominal SVIII and pygophore asymmetrical, latter
right oriented (Fig. 7b, d, 11a); external female genitalia
absent (Fig. 12b).

Description

Body strongly dorsoventrally flattened, ovoid in shape
(Fig. 7a, b). Head: preocular region strongly dissected,
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apically with tripartite outline (Fig. 7a, b, 8a, b); mandibular
plates arcuate, widely separated, subequal in length to clyp-
eus (Fig. 7a, b, 8a); clypeus conical, tapered apically,
extending posteriorly to near anterior margins of eyes, lat-
eral margins weakly sinuate, margins posteriorly contiguous
with weak grooves, leading to ocelli (Fig. 7a, b, 8a); bifur-
cate antenniferous processes, extending to near apices of
first antennal segment, anterior branch longest (Fig. 7a, b,
8a); postocular region of head with margins strongly con-
vergent posteriorly, sublinear (Fig. 7a, b, 8a); maxillary
plates subtriangular, ventral in position, posterior margin
obsolete; genae depressed; bucculae elongated, subparallel,
almost reaching posterior margin of head, carinate (Fig. 8b).
Eyes and ocelli: eyes suboval, substylate; ocelli postocular,
widely separated (Fig. 7a, b, 8a). Antennae: 4-segmented;
antennal length formula: AIIl > AIl > AIV = AI; Al extend-
ing anteriad of antenniferous tubercle, subcylindrical, thick-
est segment; AIl subcylindrical, little thinner than AI,
weakly bowed; AIIl and AIV subequal in thickness, thinner
than AIIL; AIIl cylindrical; AIV elongated, weakly fusiform
(Fig. 7a, b). Labium: 4-segmented; LI shorter than bucculae,
broadest segment, not dilated; LII-LIV subequal in length;
LII bicompressed, reaching near posterior margin of proster-
num; LIII-LIV flattened; LIII reaching near posterior margin
of metasternum; LIV reaching near posterior margin of
abdominal sternum III (Fig. 7b, 8b). Pronotum: exaggerated,
with lateral margins explanate, anterolaterally projected
near front of eyes, apically acute, posterolaterally short;
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Fig. 7. Adult morphology of male of Latebracoris norfolcensis sp. nov. (a) Dorsal habitus. (b) Ventral view of body. (c) Ventral
view of pretarsus of hind leg. (d) Ventral view of male pygophore, with aedeagus partly inflated. Abbreviations: ALA, anterolateral
angle of pronotum; ALM, anterolateral margin of pronotum; AT, antenniferous tubercle; BU, bucculae; CA, costal area of
hemelytron; CL, clavus of hemelytron; CO, corium of hemelytra; CY, clypeus; EN, endosoma of aedeagus; LA, labium; ME,
hemelytral membrane; MES, mesosternum; MP, mandibular plate; PC, pretarsal claw; PH, phallotheca; PLM, posterolateral margin
of pronotum; PP, pseudopulvillus of pretarsus of hind leg; PR, proctiger; PR(S), proctiger spine; PY, pygophore; R + M, radius and
medial vein; R+ M + CuA, radius + medial + cubitus vein; Sll, abdominal sternum II; Slll, abdominal sternum llI; SVIII, abdominal
SVIII. Scale bars as indicated.
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Fig. 8.

Scanning electron micrographs of key head, thoracic and hemelytron characters of male of Latebracoris norfolcensis sp. nov. (a) Head in

dorsal view. (b) Head, and pro- and mesothorax in lateral view. (c) Hemelytron in dorsal view. (d) Proximal third of hemelytron in dorsal view.
(e) Scutellum and frena in dorsal view. (f) Prosternum in ventral view. (g) Propleuron in lateral view. (h) External efferent system of metathoracic
gland in lateral view (pterothoracic legs removed). Abbreviations: ALA, anterolateral angle of pronotum; ALM, anterolateral margin of
pronotum; AT, antenniferous tubercle; CA, costal area; CL, clavus; CO, corium; CS, claval suture; CY, clypeus; FR, frena; LA, labium; LAR,
labrum; ME, hemelytral membrane; MECX, mesocoxa; MESL, meso-supracoxal lobe; MFL, median flexion line; MGO, metathoracic gland ostiole;
MGP, metathoracic gland peritreme; MP, mandibular plate; MTCX, metathoracic coxa; PEP, proepimeron; PES, proepisternum; PLM, postero-
lateral margin of pronotum; POM, postocular margin of head in dorsal view; PRCX, procoxa; PST, prosternum; SC, scutellum; ST(p), setiferous

puncture; V, vertex.

posterior margin convex, evenly rounded (Fig. 7a, b, 8b).
Scutellum: broadly triangular, transverse, short, mostly flat-
tened (Fig. 7a); frena elongated, subtended apically beneath
apex of scutellum (Fig. 8e); mesonotum weakly exposed
(Fig. 8e). Hemelytra: clavi prominent, short, weakly
expanded distally (Fig. 7a, 8c, 10a); claval commissure
reaching abdominal T5 (Fig. 7a); greatly enlarged costal
region, basally with short subcostal vein; broadest proxi-
mally, apically tapering strongly, reaching tip of forewing,
with 3-5 incomplete rows of setiferous tubercles (Fig. 7a,
8c, 10a); coria greatly enlarged, with short median flexion
line (Fig. 7a, 8¢, 10a); corium with four cells (two basal,
medial and radial); hind wing with M + Cu not reaching
R + SC; PCu present (Fig. 10b). Thoracic pleura: propleura
bipartite, with horizontal ventrally facing region and shorter
vertical region, with ventral margin rounded (Fig. 8b); pter-
othoracic pleura short, weakly convex, with pleural sutures
entire (Fig. 9a). Thoracic sterna: prosternum hour-glass
shaped, with posterior region widened (Fig. 7b, 8f); shallow
labial groove extending to abdominal SIII (Fig. 7b).
Metathoracic gland: small ostiole proximal and anteriad to
metacoxal cavity, projecting posterolaterally into depressed
canal-like peritreme, with minute papillate dermal pro-
cesses, without evaporative areas (Fig. 8h). Legs: coxae
globose, short, widely separated, with procoxae closer to
midline than pterothoracic coxae; procoxae open distinctly
separated from pterothoracic coxae, paired pterothoracic
coxae subcontiguous on each side (Fig. 7b, 8g, h); trochan-
ters prominent, not fused with femora (Fig. 7b); fore and
middle legs homomorphic, femora weakly expanded, tibiae
cylindrical (Fig. 7b); metafemora weakly elbowed (Fig. 7b);
legs with apical tibial combs (Fig. 9e); all tibiae without
tibial appendix; tarsi 2-segmented, first tarsomere short,
second tarsomere expanded distally, ~5 X longer than first
tarsomere (Fig. 9e, f); pretarsus with setiform parempodia,
subcontiguous; large fleshy pseudopulvilli, subequal in
length to claws, attached to unguitractor plate and inner
base of claws; claws evenly arcuate (Fig. 9e, f). Abdominal
venter: broad (Fig. 7a, b); SII elongate, ~% length of SIII
medially, anvil-shaped, anterior margin straight medially,
sublaterally with depressions housing metacoxae; posterior
margin excavate (Fig. 7b, 12b); abdominal SIII longest ster-
nite in males, posterior margin straight (Fig. 7a); male

SIV-SVI homomorphic, margins straight (Fig. 7b); male
SVI posterior margin weakly excavate (Fig. 7b); male SVII
short, weakly asymmetrical, posterior margin weakly exca-
vate (Fig. 7b, d); abdominal SVIII strongly asymmetrical,
accommodating pygophore on left side (Fig. 7b, d); female
abdominal terga 2-7 bilaterally symmetrical, T2 second lon-
gest tergum, T7 longest tergum, medially pinched (Fig. 12a);
female venter bilaterally symmetrical, abdominal SVII longest
sternum, large, apically tapered, with narrowly rounded apex
(Fig. 12b); female ventrolateral tergite VIII narrowly visible in
ventral view (Fig. 9c, d). Abdominal spiracles: ventral in
position, sublateral on abdominal SII-SVII (Fig. 9a—c); female
ventrolateral tergite 8 with spiracle (Fig. 9d).
Genitalia as in species description.

Remarks

Latebracoris is differentiated from Proxylastodoris by the
bifurcate v. undivided antenniferous tubercles (cf. Fig. 8a
and van Doesburg et al. 2010, fig. 3), apically free v. contig-
uous mandibular plates (cf. Fig. 8a and van Doesburg et al.
2010, fig. 3), anterolateral angles reaching midpoint v. not
reaching eyes (cf. Fig. 8a and van Doesburg et al. 2010,
fig. 3), greatly explanate and serrated anterolateral margins
v. not expanded and smooth anterolateral margins of pro-
notum (cf. Fig. 7a and van Doesburg et al. 2010, fig. 5),
costal area of hemelytra broad v. narrow (cf. Fig. 7a and 10a
with Doesburg et al. 2010, fig. 1 and 2), pygophore short v.
squat (cf. Fig. 7b, d, 11a with Fig. 8a and van Doesburg et al.
2010, fig. 33-34), proctiger with v. without spines
(cf. Fig. 11b, ¢ with van Doesburg et al. 2010, fig. 33),
common oviduct elongated v. short (cf. Fig. 8a and van
Doesburg et al. 2010, fig. 3).

The monotypic genera Latebracoris gen. nov. and
Thaicoris Kormilev are differentiated by the following char-
acters: ovoid v. elongated body (cf. Fig. 7a and Heiss and
Popov 2002, fig. 1), clypeus elongated and greatly surpass-
ing mandibular plates v. subequal in length (cf. Fig. 7a, 8a
and Heiss and Popov 2002, fig. 1), antenniferous tubercle
reaching ~% length of mandibular plates v. subequal in
length (cf. Fig. 7a, 8a and Heiss and Popov 2002, fig. 1),
second antennomere ~2X length of first v. subequal in
length (cf. Fig. 7a and Heiss and Popov 2002, fig. 1), labium
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Fig. 9. Scanning electron micrographs of key pterothoracic, abdominal and leg characters of male of Latebracoris norfolcensis sp.
nov. (a) Pterothoracic pleura in lateral view. (b) Abdominal venter in lateral view. (c) Abdominal apex in ventral view.
(d) Ventrolateral tergite 8 and spiracle in ventral view. (e) Proleg pretarsus, tarsi and tibial apex in lateral view. (f) Proleg
pretarsus in apical view. Abbreviations: MEP, mesopleuron; MTP, metapleuron; PA, parempodium; PC, pretarsal claw; PP,
pseudopulvillus; SV-SVI, abdominal sterna V-VI; SII-IV(sp), abdominal sterna II-IV spiracles; SVII(sp), abdominal spiracle SVII;
TAI-2, tarsomeres | and 2; TC, tibial comb; VLTS8, ventrolateral tergite 8; VLT8(sp), ventrolateral tergite 8 spiracle.
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Fig. 10. Hemelytron and hind wing of Latebracoris norfolcensis sp. nov. (a) Hemelytron; (b) Hind wing.
Abbreviations: BCI, first basal cell of corium; BC2, second basal cell of corium; CA, costal area; CL, clavus;
CM, costal margin; CO, corium; Cu, cubitus vein; M, medial vein; M + Cu, medial + cubital vein; MC, medial cell of
corium; ME, hemelytral membrane; MFL, median flexion line; PCu, post cubital vein; RC, radial cell of corium;
R + M, radial + medial vein; R + M + CuA, radial + medial + cubital anterior vein; R + Sc, radial + subcostal vein; SCV,

subcostal vein; | A, first anal vein.

reaching abdominal SIII v. mesosternum (cf. Fig. 7b and Heiss
and Popov 2002, fig. 2), corium unpartitioned v. divided into
radial, medial and distal cells (cf. Fig. 10a and Heiss and
Popov 2002, fig. 1), pygophore at rest reaching abdominal
SVIIL v. SVI (cf. Fig. 7a and Heiss and Popov 2002, fig. 1) and
phallotheca without elongated apical processes v. with pro-
cesses (cf. Fig. 7a and Heiss and Popov 2002, fig. 2).

Latebracoris norfolcensis Cassis, Monteith &
Postle, sp. nov.

Norfolk Island Palm Bug

ZooBank: urn:lsid:zoobank.org:act:D4E2BA3C-917E-4F07-96A1-
E13E2C156404

Etymology

The species epithet is based on the restricted distribution of
this species on Norfolk Island.

Material examined (types)

Holotype. NORFOLK ISLAND: &: —29.020°S, 167.940°E, 210m,
lower Mt Pitt Rd, 5-6 Feb 2021, Monteith & Postle, ex fruiting palm,
40341, from fruiting inflorescence of Rhopalostylis baueri (In QM, REG.
NO. T258332). PARATYPES: 3339, same data as holotype (in QM); 14,
same data but 8 Feb 2021, 40350 (in QM); 7359, —29.017°S,
167.946°E, 165 m, lower Palm Glen, 4 Feb 2021, Monteith & Postle,
ex sprayed palm fruit, 40328 (734Q2in AM and UNSW; 19 in QM);
6329, —29.0152°S, 167.9387°E, Mt Pitt Reserve, 14 Dec 2019, A.
Postle, from fruiting inflorescence of Rhopalostylis baueri, 39721
(5829 in QM; 13 in AM); 1319, —29.016°S, 167.939°E, 260 m, lower
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DS(SP)

Fig. 1. Male genitalia of Latebracoris norfolcensis sp. nov. (a) Abdominal terminalia, including pygophore, ventral
view. (b) Pygophore in lateral view. (c) Proctiger. (d) Aedeagus in lateral view. (e) Apex of endosoma and ductus
seminis. Abbreviations: BP, basal process; DS(D), ductus seminis distalis; DS(P), ductus seminis proximalis; DS(SP),
ductus seminis spines; EN, endosoma; PB, phallobase; PH, phallotheca; PH(CL), phallothecal cleft; PR, proctiger; PR
(S), proctiger spine; PY, pygophore; SG, secondary gonopore; SVII, SVIII, abdominal sternites VIl and VII.
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Mt Bates track, 3 Feb 2021, Monteith & Postle, ex sprayed palm fruit,
40322, from fruiting inflorescence of Rhopalostylis baueri (in QM);
5339, —29.014°S, 167.945°E, 205 m, upper Palm Glen, 6 Feb 2021,
Monteith & Postle, spraying palm fruit 40338, from fruiting
inflorescence of Rhopalostylis baueri (1319 in ANIC;1319 in AMNH;
1319 in NHM; 28 in QM); 3349, —29.016°S, 167.938°E, 265 m, lower
Mt Bates track, 3 Feb 2021, Monteith & Postle, ex sprayed palm fruit.
40323, from fruiting inflorescence of Rhopalostylis baueri (in QM,
MNHN); 19, —29.0117°S, 167.9536°E, McLachlans Lane, NINP,
115m, 17.ix.2022, J.M.H. Tweed, beaten from green palm berries
from fruiting inflorescence of Rhopalostylis baueri (in QM).

Other material examined (Non-types)

NORFOLK ISLAND: 19 3 nymphs, data as for sample 40323 above
(DNA quality specimens in UNSW); 19, data as for sample 40341
above (DNA quality specimen in AM); 140 nymphs, data as for sample
40328 above (in QM and AM); 6 nymphs and eggs on palm fruit bracts,
data as for sample 40322 above (in QM, AM and UNSW); 25 nymphs,
data as for sample 40338 above (in QM); 76 nymphs, data as for sample
40323 above (in QM); eggs on palm fruit bracts, data as for sample
40341 above (in QM); Eggs on palm fruit bracts, —29.016°S,
167.939°E, 260 m, lower Mt Bates track, 5 Feb 2021, Monteith &
Postle, 40333 (in QM).

Diagnosis

Latebracoris norfolcensis is recognised by the following com-
bination of characters: body dark greyish-brown in life
(Fig. 3a—d), pale yellowish-brown in ethanol preserved spec-
imens, with translucent lateral margins of pronotum and
costal region of hemelytra (Fig. 7a); body with dense distri-
bution of setiferous punctures (Fig. 7a, b, 8d), each with a
single hair-like seta; first and second antennomeres and
lateral margins of head with setiferous tubercles (Fig. 7a);
pygophore geniculate, tubiform in outline (Fig. 11la, b);
proctiger cap-like, with spine (Fig. 11c); parameres absent
(Fig. 11c); ductus seminis proximalis narrowly annulated
(Fig. 11d); ductus seminis distalis with tile-like texture
(Fig. 11d); endosoma with scythe-like sclerotised basal pro-
cess (Fig. 11d); common oviduct elongated and annulated
(Fig. 12c); lateral oviducts short and annulated, with
enlarged round reservoirs (Fig. 12c).

Description

Colouration

Body and appendages mostly dark greyish-brown in life
(Fig. 3a—d), light orangish-brown in preserved specimens,
with lateral regions of pronotum and costal region translu-
cent; corium often with anastomising dark brown high-
lighting (Fig. 7a, b); antennae often darker brown
(Fig. 7a, b).

Vestiture and texture

Body with dense distribution of setiferous punctures,
with each puncture housing a hair-like seta on a tubercle
(Fig. 7a, b, 8d); punctures densely distributed on head,
pronotum, scutellum, hemelytra, thoracic pleura and sterna

(e.g. Fig. 8f), shallower and densely distributed on abdomi-
nal venter (e.g. Fig. 7b).

Male genitalia

Pygophore as a geniculate tube, oval in cross-section,
mostly straight, narrow, inserted on left side of body
(Fig. 7b, d, 11b, d); proctiger cap-like, with spine (Fig. 7b,
11b, c); parameres absent (Fig. 11b, c); aedeagus tubular,
inserted for full length of pygophore (Fig. 11b), elongated,
arcuate (Fig. 11d); phallotheca with apical cleft (Fig. 11d);
endosoma membranous, medially attached to phallotheca,
apically with spinule-shaped sclerotisation adjacent to sec-
ondary gonopore (Fig. 11d, e); ductus seminis proximalis
tubular with annulated outer wall (Fig. 11d), ductus seminis
distalis elongate, with tile-like texture (Fig. 11d); secondary
gonopore simple, round (Fig. 11d, e).

Female genitalia

Bursa copulatrix membranous, pouch-like, subtriangular
shaped, tapering caudally, without sclerotisation (Fig. 12c);
common oviduct annulated, elongated, with short annulated
lateral oviducts with round reservoir-like structures, proxi-
mal to junction with common oviduct (Fig. 12c).

Measurements
Males. Mean body length 4.53 (n = 10), range 4.33-4.83,
mean body width 2.71, range 2.52-2.84.

Females. Mean body length 4.66 (n = 9),
4.45-4.86; mean body width 2.77, range 2.71-2.81.

range

Holotype male. Body length 4.36; maximal abdominal
width 2.71; hemelytra length 3.00; hemelytra width 1.36;
head length 0.80; head width across eyes 1.07; head width
between eyes, 0.76; eye width 0.15; width between ocelli,
0.40; ocelli diameter 0.03; antennomeres: total length 1.46;
10.21, II 0.43, III 0.55, IV 0.27; rostrum: total length 2.30;
1 0.45; I1 0.55; III 0.63; IV 0.69; pronotal length 0.76; maxi-
mal pronotal width 2.00; anterior pronotal width 1.24;
scutellum length 0.70; scutellum width 1.17.

Remarks

Latebracoris norfolcensis is differentiated from Thaicoris
sedlaceki and Proxylastodoris kuscheli by non-genitalic dif-
ferences as provided in the Latebracoris generic remarks
section, including the shape of the head and pronotum
(Fig. 7a, 8a). Latebracoris norfolcensis is unequivocally sepa-
rated from P. kuscheli by the male genitalia, including the
following character states: proctiger with a spine v. not spi-
nose (cf. Fig. 11b, ¢ and van Doesburg et al. 2010, fig. 33),
pygophore elongated v. squat (cf. Fig. 8d, 11b, ¢ and van
Doesburg et al. 2010, fig. 33), ductus seminis distalis elon-
gated and tile-like v. short and tubular (cf. Fig. 11¢ and van
Doesburg et al. 2010, fig. 33), and common oviduct elongated
v. short (cf. Fig. 12c and van Doesburg et al. 2010, fig. 32).
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Fig. 12. Female genitalia of Latebracoris norfolcensis sp. nov. (a) Abdomen in dorsal view. (b) Abdominal venter. (c) Bursa
copulatrix, oviducts and ovarioles. Abbreviations: BC, bursa copulatrix; CO, common oviduct; LO, lateral oviduct; LO(R),
lateral oviduct reservoir; OV, ovariole; SII-SVII, abdominal sterna 2—7; T2-T7, abdominal terga 2-7; VLTS8, ventrolateral

tergite 8.
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Heiss and Popov (2002) provided few details of the male
genitalia of Thaicoris sedlaceki and there is no information
on the female genitalia. Based on the illustration, the
pygophore is more elongated overall and has an elongated
apical spur, differentiating this from that of L. norfolcensis
that is shorter and lacking an elongated apical spur
(cf. Fig. 11a—c and Heiss and Popov 2002, fig. 3-5). Also,
the proctiger spine in L. norfolcensis is not present in
T. sedlaceki.

Phylogeny

Characters and character states

The characters and character states are as described
below, with commentary where definitions are required or
alternative hypotheses exist. References to figure numbers
are from published works and are provided as evidence of
character states codified herein, and figure numbers cited for
Latebracoris norfolcensis. The data matrix is given in Table 1.

Character 0. Body depression: 0 — not flattened; | -
flattened. This is defined by both surfaces flattened, com-
pared to the ventral surface in most cimicomorphans being
convex in profile. The flattened state is present in most
Xylastodorinae (not Proxylastodoris spp.) and the thaumas-
tocorine genera Baclozygum and Thaumastocoris (e.g. Noack
et al. 2011, fig. 12E). The abdominal venter in the thaumas-
tocorine genus Onymocoris is convex and the body is codi-
fied as not flattened (e.g. Cassis et al. 1999, fig. 15).

Character |I. Hemelytral texture: 0 — smooth; | — punc-
tate; 2 — aerolate; 3 — setiferous punctures (setae short); 4 -
setiferous punctures (setae long). The hemelytral texture
varies considerably in the Miroidea, from smooth as in most
species of Miridae (e.g. Sanchez and Cassis 2018, fig. 8A), aero-
late as in most Tingidae (e.g. Cassis and Symonds 2008, fig. 9E),
to having setiferous punctures in the Thaumastocoridae (e.g.
Fig. 8d, ST(p)).

Character 2. Cephalic spines: 0 — absent; | -
present. Cephalic spines are characteristic of most
Tingidae, with most taxa having at least five spines as in
the Tinginae: Tingini (e.g. Cassis and Symonds 2008, fig. 9A);
these are not present in the Vianaidinae. In some Tingini
genera, with greatly reduced somatic characters, the cephalic
spines are near obsolete, as in species of the Australian genus
Malandiola Horvéth, 1925, where secondary loss is likely.

Character 3. Mandibular plates position: 0 - lateral; | -
dorsal. The dorsal character state is found in the
Thaumastocoridae, where the mandibular plates and antenni-
fers have become dorsalised, particularly in Thaumastocoris
(e.g. Noack et al. 2011, fig. 15A) and Discocoris (Slater and
Schuh 1990, fig. 1). In most Miridae the mandibular plates are

wholly in the lateral position (e.g. Cassis and Symonds 2016,
fig. 28B). The mandibular plate Character 2 in Schuh and Stys
(1991) and Character 3 in Schuh et al. (2009) are in part
encapsulated in Characters 4-8 in this analysis

Character 4. Mandibular plates dorsal profile: 0 - con-
vex; | = flat to concave. In Thaumastocoridae the mandib-
ular plates can be either flat or concave in Thaumastocoris
(e.g. Noack et al. 2011, fig. 15A) and Discocoris (e.g. Slater
and Schuh 1990, fig. 1) or round as in Baclozygum and
Onymocoris (e.g. Cassis et al. 1999, fig. 2). This is also
apparent in the fossil xylastodorine Paleodoris lattini
(Poinar and Santiago-Blay 1997, fig. 1 and 2).

Character 5. Mandibular plates length cf. clypeus
length: 0 — shorter than clypeus; | — subequal to clypeus;
2 - longer than clypeus. In Miroidea the length of the
mandibular plates varies from short to significantly surpass-
ing the clypeus, with the latter often the case in thaumas-
tocorids with flattened mandibular plates (see Character 4
for figure citations).

Character 6. Mandibular plates apically: 0 — separated;
| — contiguous. Where the mandibular plates extend
beyond the clypeus in the Thaumastocoridae, these are
either separated as in Baclozygum depressum (Drake and
Slater 1957, fig. 1) or contiguous beyond the clypeus as in
Discocoris spp. (e.g. Slater and Schuh 1990, fig. 1).

Character 7. Mandibular plates and clypeus lateral
connection: 0 - contiguous; | — separated. The separated
state is homologous for Latebracoris norfolcensis (Fig. 7a)
and Thaicoris sedlaceki (e.g. Heiss and Popov 2002, fig. 1).

Character 8. Antenniferous tubercles: 0 — absent; | -
present, short; 2 - short, thorn-like; 3 - present,
large. Processes associated with the antennifers are pro-
nounced in the Xylastodorinae, particularly in Latebracoris
norfolcensis (Fig. 7a) and Paleodoris lattini (Poinar and
Santiago-Blay 1997, fig. 1 and 2). These are also present
in most Tingidae (Cantacaderinae, Tinginae) although their
homology with those in the Xylastodorinae is questionable.
Antenniferous tubercles are not present in either the
Thaumastocorinae or Vianaidinae.

Character 9. Preocular region laterally: 0 — not thick and
round; | - thick and round. The preocular region of the
Thaumastocorinae is typically convex in outline and thickly
rounded in profile (e.g. Noack et al. 2011, fig. 15A), and is
differentiated from the shorter and less arcuate preocular
margin found in the Xylastodorinae (e.g. van Doesburg et al.
2010, fig. 3).

Character 10. Clypeus shape: 0 - not spindle shaped; | -
spindle shaped. The spindle condition is homologous for
Latebracoris norfolcensis (Fig. 7a) and Paleodoris lattini
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Table |I. Data matrix for phylogeny of Miroidea for Recent and fossil taxa.

Characters
Taxa 0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Nabis kinbergi 0 0 0 0 ? | 0 0 0 0 0 0 0 0 I 0 0 0 0 0OOO O OOOOOOOTI O0OOOOOOOOOTI 0O0OOOOO?20320000?? 0000002001 00
Trilaccus oo o0o0 ? 00O0O0OOOOOOOOTI I 0O0OOOOOOOOOOOOOOOOOO0OO0OOO0OO0OTIl o0O0OO0OTI1o0300O0O0OT? O0O0O0OO0OT1 02200000
mimeticus
Dicyphus o 0 o0 0 ? 0 0 0 O O O O0 0 0 0 | /Il o 0 0 0 0 00 0 0 0 0 00 0 0 00 01 0O0O0OOOOT1 O0OOW O 1 03 00O0O0O0OOO0OO0OO0OT1T 02000 00
famelicus
Thaumastotings 0 2 0 0 ? 0 0 0 O 0 0 ? o0 ?» o0 ? 2?2 2 ?» 0 2?2 2?2 0 2 2?2 2 2 2 2 2 1 0 0 0 2 1 0 2 2 | I o 2 1 o o0 1 2 2 2 2 2 12 0 | r2 1 0 0 2 22
areolatus™
Anommatocoris 0 | 0 0 ? 0 0 0 0 0 0 0 0 0 O I I I 0 0000201 1 I I 011 01 01l 01l I 21 1 00O0O0OOOS3T1 0O0O0OO0OO0OO0OO0OTO0OO0OTIl 2000 0°2?
araguanus
Pterovianaida o1 oo ? o0 0000000 O0OOTI1 11 0o0O0O0OO0O?2®090T 141711 1 01 01 0?0 ? 1 211 0o00®O0®O0OO0L31 00?0?0000 1 2000 0°2?
melchiori
Allocader sp. o210 ? 0001 00071 1 o011 I 1 0211001 I I I 1 o011 o011 o011 o011 I 21 1 021 101 1 01 00000O0O0OO0OO0OTI1 2000 01
Cantacadersp. 0 2 1 0 ? 0 0 O I 0 0 O | o 1 I I 0o 2 2 1 0 0 | | | | I o 1 0o I o0 1 0 | 2 1 o 2 | o 1 [ Il 0o 0 0 1 0 0 0 1 2 0 0 0 00
Carldrakeana o 2 1 0 ? 0 0 0 I 0 0 0 | I o0 1 I o 2 | I 0 0 | I | | I o 1 0o I 0 1 0 | 2 1 o 2 | I 0 1 I 0 1 I 0 0 0 0 00 0 I 2 00 0 0?7
socia
Ceratocadersp. 0 2 | 0 ? o0 0 0 I 0 0 0 ¢ ¢ O ¢ ¢ ¢ O 2 ¢ ¢ OO ¢ ¢ ¢ ¢ O O O O ¢ 2 1 021 1 01 I 01 I 0O0O0OO0OO0OO0OO0OTI 2000 027
Phatnoma o210 ? 0001 0071 I ¢+ 01 I 1 021204071 1+ 1+ 1 1 o011 o011 o011 01 I 21 1 021001 1 01 1 00O0O0OO0OO0OO0OTI 200000
hackeri
Phatnoma o210 2?0001 0071 I 1 o011 1+ 1 02104071 I+ 1+ 1 101 o011 o011 01 I 21 1 021001 1 01 1 0000O0O0OO0OO0OTI1 2200000
pacifica
Epimixia o 2 1 0 ? 0 0 0 I 0 0 0 | I o0 1 I [ I 0o 0 3 ? | | | I o 1 0o I 0 2 0 | 2 1 I 0 2 I 0 0 | [ I 0 0 0 000 0O I 2 00 0 00
vulturna
Inoma stysi o210 ? 0001 00071 101l I+ 1 01 1 o003 ? 1 I 1 1 0101 02®o07T11 211021 o0o0T 11 01 I 0o00©O0O0OO0OTO0OT]1 2200000
Thaumastocoris 1 3 0 | I 2 1 0 0 I 0 0 0 0 | | I | Il 00 0 0 0 O I 0 | I | | I | | o | I Il o I 0 0 0 0 o0 o0 0 2 2 | | | I o |1 2 2 0 |1 I | [
hackeri
Thaumastocoris | 3 0 | | 2 I o0 0 I 0 0 0 O [ ¢ ¢ ¢ I 0 O0O0OOOOOOOTI I ¢ ¢ ¢ ¢ OO0 I I I 0 1 0O0O0O0O0O0O0O 2 2 I I I 1 0 I 1 2 2 0 1 1 1 11
petilus

(Continued on next page)
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Table I. (Continued)
Characters

Taxa o 1 2 3 4 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Baclozygum I3 0 1 o0 ooo0oo 1! 1 I I 1 o0o0oO0O0OOOOOOOOTI I I I 1 1 0oO0T1l I I 01 0o0O0®O0OOO0OO0OT?? 2 I I I 1 0o I 1 2 2 01 1 1 12
bergrothi
Baclozygum I3 0 1 o0 ooo0oo0o ¢ o 1 1 1 o0o0©O0O0OOOOOOOTIL I I I 1 1 001l I I 01 0o00O0®O0OO0OO0OT?? 2 1 I I 1 0 1 1 2 201 1 1 12
depressum
Onymocoris 0o 4 0 1 O 0O 0 0 0 | | I | I 0 0 0 0 0 0 0 0 0 I O | | | I 0 0 | | Il 0o 1 0 0 0 0 0 0 0 2 2 | | | I 0 1 2 2 0 | | | I ?
barberi
Onymocoris stysi 0 4 0 | 0 0 0 0 0 | | I | I 0 0 0 0 0 0 0 00 I 0 I I | I 0o 0 | I I o 1 0 0 0 0 0 0 0 2 2 |1 | | [ 2 2 0 | I | 2
Discocoris I3 0 1 1 ooo0oo 1! 1 1 ?» 2?0001 000?011 2 1 01 0?2 1 2 2 2 1 1 01 0000 ? 2 2 2 2 2 2 2 2 2 21 21 1 1 1 1 12
dominicanus™
Discocoris drakei | 3 0 | | oo0oo0oo0o 11 1 1 o0o0®O0OT 1l o0O0O0OO? 1 07101l o0®O0T T I I 1 1 1 01 0o00©O0720®O0T .1 I I 1 0 1 1 3 2 01 1 1 12
Discocoris I3 0 1 1 oo0oo0oo0 1 I I I 0o0O0OTIlo0®O0OOOOI O0OIl 01l o0©O0Tl 0TIl I I 1 01 0O0®O0OO0OZ2®0O0T 11 I I 1 0 1 1 3 2 01 1 1 12
fernandezi
Latebracoris I3 0 1 o0 I 0 0 0 | | | Il 0 0 0 020 0 0 0 01 01 0 1 0 0 I | | | | I 0o I 0 0 0 0 2 0 0 | | | [ 3 | | | [
norfolcensis
Paleodoris I3 0 1 I 0O 0 0 0 | | /| ?»?»0 00 1 000 2 1 2 1 0 1 0 2 1 2 2 1 1 /Il o1 0o o0 o0 o0 2?2 2?2 2?2 2 2 2 2 0 2 2 2 12 2 | [ S
lattini™
Proxylastodoris 0 3 0 I 0 oo0oo0oo 11 1 ?» 000039000 ? 2 1 2 1 01 0?2 1 2 2 1 1 1 01 0wo0wo0w©O0 ? 2 2 2 2 2 2 2 2 2 1 21 1 1 1 1 12
gerdae™
Proxylastodoris 0 3 0 I 0 oo0oo0oo0o 1 I I I 0o0O0O300O0OO0OO0OTI1oO0T1 01 o0oO0T 1 I I I I 1 01 000072007 1 I = I 0 I I 3 2 01 1 1 11
kuscheli
Thaicoris I3 0 1 o0 I 0 0 0 | | | /2?0 0 0 2 1 00 0 OO0 1 2 1 0 I 0 ? 1 | [ I o 1 0 0 0 0 2 0 2 1 2 | [ M3 20 2 2 1 12
sedlaceki
Xylastodoris I3 0 1 0 0 0 0 0 | | I /I 0 0 00 3.0 00 0 0 I 01T 01 0 0 I [ | I 0 I 0 0 0 0 2 0 0 | | | I 0o 1 3 2 0 | | | I ?
luteolus

For the Recent taxa alone partition, the fossil species were deleted. Characters and character states are listed in the Phylogeny section of the Results
AFossil species.

. 2, missing data or inapplicable.
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each circle. Contradicted synapomorphies are given in open circles, including on branches to terminal taxa. Resampling values > 50%

are given in black circles at nodes.

(Poinar and Santiago-Blay 1997, fig. 1 and 2), and is unlike
any other described fossil or Recent thaumastocorid.

Character |1. Clypeal spine presence: 0 — absent; | -
present. The presence of a clypeal spine (Lis 1999, fig. 16)
was posited as a synapomorphy for the Phatnominae by Lis
(1999) and was observed as such for the two Phatnoma
species in this analysis. Lis (1999) raised the Phatnominae
to subfamilial rank on the basis of this character.

Character 12. Bucculae anterior position (ventral
view): 0 - not exceeding clypeus; | - exceeding
clypeus. The anteriorly extended bucculae that reach
beyond the clypeus is a character common in the Tinginae
(e.g. Cassis and Symonds 2008, fig. 9B) and Cantacaderinae
(Lis 1999, fig. 14) but not the Vianaidinae (Schuh et al.
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2006, fig. 4A, B). The bucculae do not extend as such in
the Thaumastocoridae (Fig. 8b).

Character 13. Bucculae posterior position: 0 — not
reaching prosternum; | reaching prosternum. The
bucculae typically extend to the prosternum in most Tingidae
(e.g. Cassis and Symonds 2008, fig. 9B), aside from the
Vianaidinae that reach near the posterior margin of the head
(Schuh et al. 2006, fig. 4C). Bucculae are short in the thau-
mastocorids, as in the genus Thaumastocoris (e.g. Noack et al.
2010, fig. 15B).

Character 14. Ocelli: 0 — absent; | — present. The
presence of ocelli is universal in the Thaumastocoridae, as
in Latebracoris norfolcensis (Fig. 7a) and these are in a
postocular position. In contrast to other Miroidea, ocelli
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>50% are given in black circles at nodes.

are absent in all Tingidae and Miridae aside from the sub-
family Isometopinae (Schuh 1976; Cassis and Schuh 2012).

Character 15. Labium insertion: 0 — anterior; | -
ventral. The point of cephalic insertion of the labium
distinguishes the predaceous (anterior), as in Nabis kinber-
gii, from the herbivorous (ventral) lineages in the
Cimicomorpha (Schuh and étys 1991; Schuh et al. 2006).
The ventral state is universal for the Miroidea, including in
Latebracoris norfolcensis (Fig. 7b).

Character 16. Labium profile: 0 — curved; | — straight,
parallel to body. The labium in profile is also characteris-
tic of herbivorous lineages, being horizontal and parallel
to the body, including all Miroidea (e.g. Schuh et al. 2006,

fig. 4E). The curved state is in the predaceous outgroup
species Nabis kinbergii.

Character 17. Apex of mandibular stylets: 0 — with
teeth or pointed ridges; | — with rounded transverse
elevations. This character was recognised by Schuh et al.
(2009) as phylogenetically significant in the Cimicomorpha,
and shared between the Thaumastocoridae and Tingidae.
Schuh et al. (2009) based this primarily on the observations
of Cobben (1978). We did not observe this character and
have codified this as in Schuh et al. (2009).

Character 18. First labial segment: 0 — elongate, nar-
row; | — short, dilated. The short and dilated first labial
segment is homologous in the Thaumastocorinae. Schuh and
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Mapping of palm association data for all known Xylastodorinae species to an abridged palm tribal phylogeny

(not including Calamoideae, Nypoideae and Coryphoideae) redrawn from Baker and Dransfield (2016). Oenocarpus species given

in full in Table 2.

.§tys (1991) codified Tingidae as having a dilated first labial
segment (e.g. Noack et al. 2011, fig. 14B). We did not
observe this in the Tingidae (e.g. Cassis and Symonds
2008, fig. 9B) nor the Xylastodorinae (e.g. Fig. 8b).

Character 19. Antennae Al and All relative lengths:
0 — All much longer than Al; | - subequal in length; 2 -
All shorter or subequal to Al. States 2 and 3 are charac-
teristic of the Tingidae aside from the Vianaidinae, corrobo-
rating the observations of Lis (1999).

Character 20. Pronotal carinae: 0 — absent; | — one to
three; 2 - five. Drake and Davis (1960) documented the
presence of pronotal carinae in the Tingidae. Lis (1999)
codified this character in a phylogenetic analysis, that dis-
tinguishes Tingidae from other miroids.

Character 21. Lateral carinae on pronotal collar: 0 -
absent; | — present. Character state 1 is diagnostic for the
Cantacaderinae (Lis 1999).
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Character 22. Anterolateral angles of pronotum: 0 — not
projected anteriorly; | — greatly projected anteriorly, apex
rounded without areolation; 2 — greatly projected anteriorly,
apex acute without areolation; 3 — short, with acute angle or
forward projecting tubercle; 4 —strongly projected anteriorly,
deeply serrate. The greatly projected anterolateral angles of
the pronotum are diagnostic for most xylastodorine species,
aside from Proxylastodoris spp. (e.g. van Doesburg et al. 2010,
fig. 1) and Xylastodoris luteolus (Schuh and Slater 1995, fig.
52.2A) that have a small forwardly projected angle or tubercle.
The greatly projected anterolateral angles may be apically
rounded (e.g. Slater and Schuh 1990, fig. 1) or acute as in
Latebracoris norfolcensis (Fig. 7a), with both lacking areola-
tion. The projected state is also present in Phatnoma spp. (e.g.
Lis 1999, fig. 52), with serration. The greatly projected state is
correlated with the head deeply embedded into the pronotum.

Character 23. Posterior margin of pronotum: 0 -
straight; | — excavated; 2 - convex (incl. medially); 3 -
triangular plate. Character state 3 is diagnostic for the
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Tinginae (Schuh and Stys 1991; Lis 1999; Cassis et al. 2019,
fig. 51D). Character state 2 refers to that found in Thaicoris
sedlaceki (e.g. Heiss and Popov 2002, fig. 1).

Character 24. Scutellum exposed: 0 — without tuber-
cle; | — with tubercle. This character primarily pertains to
Tingidae ingroup relationships and the presence of the scu-
tellar tubercle (e.g. Lis 1999, fig. 42-45) is coupled with
Character state 23-0.

Character 25. Prosternum sulcation: 0 - flat to weakly
sulcate; | —sulcate. The thoracic sterna in the Miroidea are
distinctive in the Tingidae (Drake and Davis 1960), where the
prosternum is sulcate (e.g. Cassis et al. 1999, fig. 54B),
including the Vianaidinae (e.g. Schuh et al. 2006, fig. 54A).

Character 26. Prosternal margins: 0 — not laminate; | -
laminate; 2 — carinate. The prosternal margins are lami-
nate in the Tingidae. See figure citations in Character 25.

Character 27. Pterothoracic sternal margins: 0 — flat;
| — laminate. The pterothoracic margins are also laminate
in the Tingidae. See figure citations in Character 25.

Character 28. Coxae shape: 0 — conical elongated; | -
globose. The coxae are globose in Tingidae (e.g. Cassis
et al. 2019, fig. 33C) and Thaumastocoridae (Fig. 7b), dif-
ferentiating these from Miridae that have at least the pro-
coxae elongated, as well as in the Nabidae.

Character 29. Procoxae: 0 — open; | - closed. In the
thaumastocorine genera Baclozygum and Thaumastocoris
the procoxae are closed off posteriorly by an extension of
the proepimeron (Noack et al. 2011, fig. 13B). These are
open in Onymocoris and the Xylastodorinae as in
Latebracoris norfolcensis (Fig. 8f).

Character 30. Femoral trichobothria: 0 — present; | -
absent. Femoral trichobothria are diagnostic for the
Miridae (Schuh 1976; Cassis and Schuh 2012) and are not
present in Tingidae and Thaumastocoridae.

Character 31. Tibial appendix type: 0 — absent; | -
present. The tibial appendix is codified as unique to the
Thaumastocorinae (e.g. Noack et al. 2011, fig. 12F).
Weirauch (2007) proposed homology of fossula spongiosa
in the Cimicomorpha, though acknowledging the possibility
of independent origins between the Nabidae and
Thaumastocoridae. The recognition of a fossula spongiosa
in Proxylastodoris by van Doesburg et al. (2010) was not
clearly formulated and the grouping of setae at the tibial
appendix in P. kuscheli is not considered homologous with
that in the Thaumastocorinae (see discussion) herein. More

broadly, the fossula spongiosa is likely non-homologous as
applied to the Cimicomorpha (Weirauch 2007) and requires
further investigation.

Character 32. Tarsal number: 0 - three segmented; | -
two segmented. Two-segmented tarsi are diagnostic for
the Tingidae and Thaumastocoridae. The fossil taxon
Thaumastotingis areolatus has three segmented tarsi (Heiss
and Popov 2002), unlike other tingids or thaumastocorids.
In the Miridae tarsi are three segmented aside from the
Isometopinae (Schuh 1976; Cassis and Schuh 2012).

Character 33. Tarsal development: 0 — well developed;
| - greatly reduced. All Thaumastocorinae species have
greatly reduced tarsi, reminiscent of burrowing Cydnidae,
with reduction in the thaumastocorines coupled with the pres-
ence of the tibial appendix (e.g. Noack et al. 2011, fig. 12F).

Character 34. Parempodial type: 0 — elongated seti-
form (longer than parempodial sclerite); | - short
setiform (subequal to parempodial sclerite); 2 — scale-
like. Schuh (1976) defined pretarsal structures in the
Miridae, including the parempodia. Schuh et al. (2006) docu-
mented the reduced and scale-like parempodia in the Tingidae,
inclusive of the Vianaidinae (Schuh et al. 2006, fig. 7A-F).

Character 35. Pseudopulvilli: 0 - absent; | -
present. Pseudopulvilli are characteristic of all
Xylastodorinae, as in Latebracoris norfolcensis (e.g. Fig. 7c,
9g) and are rejected as pulvilli, based on the attachment to
both the unguitractor plate and base of claws sensu Schuh
(1976) (van Doesburg et al. 2010). Fleshy pretarsal structures,
termed pulvilli, are also present in other cimicomorphans (e.g.
Anthocoridae: Oriini) (Schuh and Slater 1995) and fossils such as
Thaumastotingis areolatus (Heiss and Popov 2002). This indi-
cates independent origins given its occasional and unrelated
occurrence in the Cimicomorpha aside from the Miridae (latter
attached to ventral surface of claws, see Schuh 1976).

Character 36. Apex of terminal tarsus: 0 — without
linguiform process; | - with linguiform process. The
presence of a linguiform process is common in the Tingidae
(Cassis et al. 2019, fig. 49A) and Thaumastocoridae (van
Doesburg et al. 2010, fig. 24 and 25). This is a narrow
flange-like medial process on the apex of the second tar-
somere, that projects over the unguitractor plate.

Character 37. Dorsal arolium: 0 - reduced, as small
bump; | — absent. Schuh et al. (2009) codified the char-
acter states of the dorsal arolium in the Heteroptera. In this
analysis we reduced the character states to two, differentiat-
ing those that are without a dorsal arolium as in the Tingidae
(Schuh et al. 2006, fig. 7E) and Thaumastocoridae (Fig. 9f)
from the Miridae where this is reduced to a bump (e.g. Schuh
et al. 2009, fig. 3F).
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Character 38. Median flexion line of hemelytra: 0 -
elongated; | — short; 2 — obsolete. The median flexion
line is a character used in the classification of the Miridae,
where it is generally long (> length of the corium) (Cassis
1995). This line is also recognised in the Xylastodorinae,
where short and basally adjacent to R + M as in Latebracoris
norfolcensis (Fig. 8c). This is also apparent in the
Thaumastocorinae, adjacent to the costal margin (e.g.
Noack et al. 2011, fig. 3A). We found no evidence of a
median flexion line in the Tingidae.

Character 39. Corium length: 0 - %/; length of hemely-
tron; | — near hemelytron tip. In the Miroidea, the elon-
gated corium is present in the Tingidae and the Xylastodorine
as in Latebracoris norfolcensis (e.g. Fig. 7a, 10a). The corium
in the Thaumastocorinae is not elongated, and is ~2/3 length
of the hemelytra (Noack et al. 2011, fig. 7d).

Character 40. Costal fracture: 0 - present; | -
absent. The costal fracture is only present in the Miridae
amongst the other families of the superfamily Miroidea
(Schuh et al. 2006, 2009; Weirauch et al. 2019).

Character 41. Cuneus: 0 — absent; | — present. The
presence of a cuneus is contingent on the presence of a costal
fracture. The cuneus is present in numerous cimicomorphan
families (incl. Joppeicidae, Miridae, Microphysidae and cimi-
coid families). In the Miroidea this is only found in the
Miridae (Cassis and Schuh 2012; Schuh and Weirauch 2020).

Character 42. Costal area/embolium: 0 — narrow to
carinate; | — explanate, not areolate; 2 — explanate,
areolate. We identify the first area between the costal
margin and the first recognisable vein, as either the costal
area (Tingidae) (e.g. Cassis et al. 2019, fig. 10E) or embolium
as in the Miridae (Schuh and Slater 1995, fig. 10.1). The
character states refer to costal area width and texture (e.g.
areolate). See discussion section below for further evaluation.

Character 43. Subcostal area: 0 - absent; | -
present. In this analysis, the subcostal area is present in the
Tingidae (as in Cassis and Symonds 2008, fig. 4E), including in
macropterous Vianaidinae, as in Anommatocoris bolivianus
Schuh, Cassis, Guilbert 2006 (Schuh et al. 2006, fig. 1A).

Character 44. Stenocostal area: 0 - absent; | -
present. Lis (1999) codified the stenocostal area as diag-
nostic of the Cantacaderinae that is anteriad to the costal
area (Froeschner 1996, fig. 1).

Character 45. Hemelytral membrane: 0 - lacking veins
or cells; 1 — one or two closed cells; 2 - closed basal cells
with radiating veins. Unlike the Miridae, the other taxa in
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this analysis lack veins or cells (not to be confused with
areolation as in Tingidae).

Character 46. Hemelytral membrane texture: 0 — not
aerolate; | - areolate (at least in part). Although, lacking
hemelytral membrane veins, the hemelytra in Tingidae are
typically fully areolate (Tinginae) or at least in major part,
with the remainder sometimes narrowly membranous
(Cantacaderinae) (Lis 1999, fig. 47). This is posterior to
the cubital vein and positionally homologous to the mem-
brane of the Miridae and Thaumastocoridae.

Character 47. Metathoracic gland external efferent
system: 0 — absent; | — present, anterior; 2 — present,
posterior; 3 — present, medial. The metathoracic gland
external efferent system is present in most taxa in the
Miroidea, aside from the Thaumastocorinae (Drake and
Slater 1957; Schuh and Slater 1995) and secondary losses in
the Miridae (e.g. Cassis and Schuh 2012, loss in Monaloniini).

Character 48. Metathoracic gland peritreme branch-
ing: 0 — unbranched; | - branched. The branched state
(either Y- or T-shaped) is present in the Vianaidinae (Schuh
et al. 2006, fig. 5; Guidoti et al. 2020, fig. 16) distinguishing
these from all other miroids in which the peritreme is
unbranched when present.

Character 49. Metathoracic gland ostiole position: 0 —
between coxae exposed; | - laterad to coxae. In the
Tinginae (e.g. Cassis et al. 2019, fig. 51F) and
Cantacaderinae (e.g. Schuh et al. 2006, fig. 6B), the ostiole
is found laterad of the coxae, in comparison to the
Xylastodorinae where this is found in close association with
the metacoxae, as in Latebracoris norfolcensis (e.g. Fig. 8h).

Character 50. Metathoracic gland evaporative area
presence: 0 — present; | — absent. Within the Miroidea
the presence of evaporative areas is typical in most Miridae
and Vianaidinae, with a few evaporative bodies in some
Cantacaderinae (Schuh et al. 2006, fig. 6B). Evaporative
bodies are absent in the Xylastodorinae, as in Latebracoris
norfolcensis (Fig. 8h).

Character 51. Dorsolateral abdominal tergites: 0 —
present; | — absent. Schuh and §tys (1991) first codified
the fusion or separation of the abdominal dorsolateral ter-
gites and mediotergites. This character has been used in all
subsequent phylogenetic analyses (Lis 1999; Schuh et al.
2006, 2009; Weirauch et al. 2019) and herein.

Character 52. Abdominal spiracle |: 0 — present; | -
absent. This character was first codified in Schuh and Stys
(1991) and modified by Schuh et al. (2009). On the basis of
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the latter authors, abdominal spiracle 1 in Thaumastocoridae
is codified as absent herein, in contrast to presence in the
other miroid taxa in this analysis.

Character 53. Abdominal male SVIII: 0 - symmetrical;
I — asymmetrical. In reference to the asymmetry of the
male genitalia in Thaumastocoridae, abdominal SVIII has
not been recognised to also be asymmetrical, as in
Latebracoris norfolcensis (Fig. 8b, 11a). This is not so in
other Miroidea, including the fossil taxon Thaumastotingis
areolatus, where this is apparently symmetrical based on the
images in Heiss and Golub (2015, fig. 1-3).

Character 54. Male abdominal SVIIlI posterolateral
region: 0 — not expanded caudally; 1 - lobiform. Lis
(1999, fig. 9, 24) illustrated a lobiform abdominal SVIII
posterolaterally in Cantacaderinae. We interpret abdominal
SVIII of Thaumastotingis areolatus in the images in Heiss and
Popov (2002) to be homologous.

Character 55. Pygophore shape: 0 - conical to suboval;
I - tubiform. The pygophore of the Thaumastocoridae is
diagnostic and unique within the Heteroptera, where it is
tubiform and mostly apically asymmetrical (Fig. 11a—c). The
conical shape of the pygophore is homologous in Tingidae
and Miridae, although typically with exaggerated asymme-
try in the latter.

Character 56. Pygophore position: 0 — broad; | — lat-
eral, narrow; 2 — medial, narrow. The tubiform pygo-
phore in Thaumastocoridae is articulated to either side of
abdominal SVIII, as in Latebracoris norfolcensis (Fig. 8b, d).
In Thaumastotingis areolatus the articulation appears medial
but not as broad as in other Tingidae or is confounded as in
some Cantacaderinae where the posterolateral angles of
abdominal SVIII are strongly projected caudally (see
Character 54).

Character 57. Paramere symmetry and presence: 0 -
symmetrical; | — asymmetrical; 2 - left paramere only; 3
- obsolete. In the Tingidae the parameres are symmetrical
with fine scale differences in shape. Asymmetry in the para-
meres is pronounced in the Miridae (Cassis and Schuh 2012;
Schuh and Weirauch 2020). In the Thaumastocorinae, the
parameres are either absent (Xylastodorinae; e.g. Fig. 11b)
or only the left is present (Thaumastocorinae; e.g. Noack
et al. 2011, fig. 18).

Character 58. Parameres midline position: 0 — not
overlapping on midline; | — overlapping on midline. In
the Tingidae the parameres are symmetrically overlapping on
the midline (e.g. Cassis et al. 2019, fig. 51B), whereas in the
Miridae the parameres are either not medially contiguous or

asymmetrically overlapping. This character is coded
inapplicable for the Thaumastocoridae given the presence
of a left paramere at most (e.g. Noack et al. 2011, fig. 18).

Character 59. Proctiger shape: 0 — cap-like, unarmed;
| — cap-like, armed, single spine; 2 — subquadrate. The
proctiger in the Tingidae (e.g. Cassis et al. 2019, fig. 48G) is
subhemispherical and symmetrical and like that found in the
Miridae. In the Thaumastocoridae the proctiger is oval and cap-
like and with a spine in Latebracoris norfolcensis (Fig. 11b, c).

Character 60. Female external genitalia presence: 0 —
present (laciniate); | — absent. The absence of external
female genitalia in the Thaumastocoridae (e.g. Fig. 12b)
contrasts with the laciniate-type external genitalia found in
the Miridae and Tingidae (e.g. Cassis et al. 2019, fig. 51H).

Character 61. Ventrolateral plates IX: 0 — contiguous/
subcontiguous on midline; | - short, widely separated. The
large and contiguous lateroventral IX plates are characteristic
of the Miridae (Davis 1955) and the Tingidae (Drake and Davis
1960; Cassis et al. 2019, fig. 51H). The plates are short and
narrowly ventralised in Xylastodorinae, as in Latebracoris
norfolcensis (Fig. 9d).

Character 62. Subgenital plate presence: 0 — present; |
— absent. The subgenital plate is present in Miridae and
Tingidae (see citations in Character 61), and absent in
Thaumastocoridae (Fig. 12b).

Character 63. Medioposterior region of female abdom-
inal SVII: 0 — not projected; | - projected medially. In
Thaumastocoridae the abdominal SVII is large and projected
mediocaudally over the female genitalia (Fig. 12b).

Character 64. Lateral oviduct reservoirs: 0 — absent; |
- present. Van Doesburg et al. (2010, fig. 40) reported on
the presence of ball-like reservoirs near the base of each of
the lateral oviducts in Proxylastodoris kuscheli that have also
been found in Latebracoris norfolcensis (Fig. 12c). Lis (1999,
fig. 31) reported similar structures in the lateral oviducts in
Allocader cordatus, albeit lacking a common oviduct.

Phylogenetic analyses

Recent taxa partition analysis

The equal weights phylogenetic analysis resulted in a
single minimal tree, with a tree length of 103, consistency
index of 0.8543 and retention index of 0.9616. The implied
weights (IW) analysis resulted in a single minimal tree with
the same topology for K3, 5, 7 and 10 and differs minorly
from the EW tree (i.e. variable position of Xylastodoris
luteolus). The EW and IW trees have the same fit values.
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The IW K3 tree for the Recent taxa partition is given in
Fig. 13. In total, 19 of the 23 nodes in the IW tree have
>50% resampling support. The major suprageneric findings
in the Recent taxa partition analysis are as follows:

(1) The Miridae are sister to the Thaumastocoridae +
Tingidae with 100% symmetric resampling support; (2)
the Thaumastocoridae + Tingidae sister-group relationship
is supported by a 64% resampling value and eight
uncontradicted synapomorphies, including orthodox (e.g. 17-
1, apex of mandibular stylets with rounded transverse eleva-
tions; 32-1, two segmented tarsi; 37-1, absence of a dorsal
arolium; 45-0, hemelytral membrane without veins or cells)
and new (28-1, globose coxae; 36-1, apex of second tarsomere
with linguiform process; 38-1, median flexion line elongated)
synapomorphies; (3) Thaumastocorinae + Xylastodorinae
sister-group relationship is supported by a 99% resampling
value, and 12 uncontradicted and one contradicted synapo-
morphies, including orthodox (3-1, dorsalised mandibular
plates; 51-1, fused dorsolateral and medial abdominal tergites;
52-1, absence of abdominal spiracle 1; 55-1, pygophore tubi-
form; 56-1, lateralised articulation of pygophore; 60-1,
absence of female external genitalia) and new (1-3, hemelytra
with short setiferous punctures; 53-1, asymmetry of male
abdominal SVII; 59-0, cap-shaped proctiger; 61-1, ventro-
lateral plates IX reduced; 63-1, medioposterior region of
female abdominal SVII projected) synapomorphies; (4)
Xylastodorinae monophyly is supported by a 93% resampling
value, and three uncontradicted synapomorphies (22-2/3, pro-
jected anterolateral angles of pronotum; 42-1, costal area
explanate and not areolate; 57-3, absence of parameres); (5)
Thaumastocorinae monophyly is supported by a 98% resam-
pling value and five uncontradicted synapomorphies, includ-
ing orthodox (18-1, first labial segment short and dilated; 31-1,
presence of a tibial appendix; 47-0, metathoracic gland effer-
ent system absent) and new (9-1, rounded preocular region;
33-1, reduced tarsi) synapomorphies; and (6) Tingidae mono-
phyly is supported with 93% resampling support, and two
uncontradicted (26-1, prosternum laminate; 38-2, median flex-
ion line obsolete) and three contradicted (25-1, prosternum
sulcate; 27-1, pterothoracic sternal margins laminate; 34-1,
parempodia short and setiform) synapomorphies, with the sub-
familial relationships of (Vianaidinae (Tinginae (Phatnomatinae
+ Cantacaderinae))). The tingid subclade less the Vianaidinae
has 100% resampling support, with ten uncontradicted and one
contradicted synapomorphies. Each of the three tingid subfami-
lies Tinginae, Cantacaderinae and Phatnominae have >65%
resampling and synapomorphy support.

Four of the ingroup relationships of the Xylastodorinae are
with >50% resampling support, but lacking in uncontradicted
synapomorphy support aside from the two Eastern Hemisphere
taxa Latebracoris norfolcensis and Thaicoris sedlaceki.
The sister-group relationship of the latter two species is sup-
ported by three uncontradicted synapomorphies of the head
(7-1, separation of mandibular plates from clypeus; 8-3, anten-
niferous tubercles large; 10-1, spindle-shaped clypeus).
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The Thaumastocorinae ingroup relationships are
uncertain, with the two Thaumastocoris species nested within
Baclozygum, and B. depressum sister to T. hackeri + T. peti-
lus, bringing into question the monophyly of Baclozygum.

Recent plus fossil taxa partition analysis

The EW analysis resulted in a single minimal tree, with
length of 109, and consistency index of 0.8073 and retention
index of 0.9503. This data partition was re-run with the IW
routine applied in TNT, to assess the fit of the tree, resulting
in a single minimal tree with the same topology for K = 3, 5,
7 and 10, with length of 110, and consistency index of
0.8090 and retention index of 0.9503. The IW topology
was subject to symmetric resampling based on 10 000 repli-
cations, with >50% support for all the family-group sister
relationships. The IW K3 tree for the Recent plus fossil taxa
partition is shown in Fig. 14.

There was no impact of the inclusion of the four fossil
taxon on family-group monophyly of Recent taxa (cf. Fig. 13
and 14). The position of the four fossil taxa is as follows: (1)
Thaumastotingis areolatus is nested within the Tingidae, and
as sister to (Tinginae + Phatnominae) Cantacaderinae), sup-
ported by a resampling value of 53% and three uncontradicted
synapomorphies: 42-2, costal area aerolate; 43-1, presence of a
subcostal area; 46-1, areolate hemelytra; (2) Proxylastodoris
gerdae is nested in the Xylastodorinae with 91% resampling
support, with three of the same character state supports in the
Recent taxa partition analysis (above) (22-2/3, 35-1 and
42-1). It is, however, sister to the remaining representatives
of the subfamily and not to P. kuscheli but without character
or resampling support and (3) Discocoris dominicanus and
Paleodoris lattini are nested in the clade with the two Recent
Discocoris species, with 60% resampling support, and one
uncontradicted (22-1, greatly projected and rounded antero-
lateral angles of pronotum) and one contradicted (4-1, man-
dibular plates flat to concave) synapomorphies.

Palm specialism

The palm associations for eight Xylastodorinae species are
given in Fig. 15 and Table 2, confirming palm specialism at
a transoceanic scale (van Doesburg et al. 2010). All but one
of the palm bugs with documented palms are host plant
specific, with Discocoris drakei reported from two genera
and five palm species, in the subfamilies Arecoideae and
Ceroxyloideae. Discocoris is the most species-rich xylastodor-
inae genus (5 spp.), not restricted to any one neotropical
lineage of palms and occurs on five different tribal-level
palms lineages, belonging to subfamilies Arecoideae,
Calamoideae and Ceroxyloideae. All six palm genera on
which Discocoris occur are restricted to the Neotropical region
but belong to distantly related palm lineages. Discocoris fer-
nandezi is found on a palm species from the subfamily
Calamoideae and tribe Lepidocaryeae that is distantly
related from the Arecoideae that harbour the remaining
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Table 2. Xylastodorinae species palm host association, palm subfamily and tribe, biogeographic regions of palm tribe and country of origin for
xylastocorine-palm species interaction.

Xylastodorinae species Palm species Arecaceae subfamily: Palm tribe Insect—plant
tribe distribution distribution
Discocoris drakei Oenocarpus bacaba Mart. Arecoideae: Euterpeae Neotropical Brazil
Oenocarpus bataua Mart.* Arecoideae: Euterpeae Neotropical Peru
Oenocarpus distichus Mart. Arecoideae: Euterpeae Neotropical Brazil
Oenocarpus mapora H.Karst. Arecoideae Euterpeae Neotropical Brazil
Phytelephas Ruiz & Pav. sp. Ceroxyloideae: Phytelaphae Neotropical Peru
Discocoris fernandezi Mauritia flexuosa L.f. Calamoideae: Neotropical, Brazil
Lepidocaryeae Afrotropical
Discocoris imperialis Socratea montana R.Bernal & Arecoideae: Iriateeae Neotropical Colombia
A.J.Hend.
Discocoris kormilevi Butia yatay (Mart.) Becc. Arecoideae: Cocoseae Neotropical, Venezuela
Afrotropical
Discocoris vianai Euterpe edulis Mart. Arecoideae: Euterpeae Neotropical Argentina

Latebracoris norfolcensis

Rhopalostylis baueri (Hookf.)

Arecoideae Areceae

Southwest Pacific

Norfolk Island

H.Wend| & Drude)

Proxylastodoris kuscheli Burretiokentia vieillardii (Brongn. &

Gris) Pic.Serm

Xylastodoris luteolus Roystonea regia (Kunth)

O.F. Cook

Arecoideae Areceae

Arecoideae Roystoneeae

Southwest Pacific New Caledonia

Neotropical Cuba, Florida

Host association records for Discocoris drakei and D. fernandezi are from Couturier et al. (1998, 2002); D. drakei — Phytelephas sp. from Schuh (1975); D. imperialis
from Slater and Schuh (1990); D. vianai from Kormilev (1955); Latebracoris norfolcensis, in this work; Proxylastodoris kuscheli from van Doesburg et al. (2010);

Xylastodoris luteolus from Barber (1920).
ASpecies interaction first recorded as Jessenia bataua.

xylastodorines. Most Xylastodorinae species, including the
Neotropical and Southwest Pacific species are associated
with the subfamily Arecoideae that is the most diverse for
the palm family Arecaceae, with 14 tribes and 61 genera.
The Neotropical species Xylastodoris luteolus occurs on only
one palm species, Roystonea regia that is native to Cuba and
widely planted as an ornamental in southern Florida.

Both the Southwest Pacific xylastodorine species
(Proxylastodoris gerdae and Latebracoris norfolcensis) occur
on palms of the highly speciose tribe Areceae that is wide-
spread in the Eastern Hemisphere from Africa—-Madagascar
through Asia to the Indo-Pacific and Australia but does not
occur in the Neotropics. Proxylastodoris gerdae occurs on
Burretiokentia, a genus restricted to New Caledonia that
belongs to the subtribe Basselininae that is restricted to
Lord Howe, New Caledonia, Vanuatu, Fiji and Solomons.
Latebracoris occurs on Rhopalostylis that belongs to the sub-
tribe Rhopalostylidinae comprising two genera ranging from
Lord Howe and Norfolk islands to New Zealand, and the
Kermadec and Chatham Island archipelagos.

In Fig. 15, the host palms and xylastodorine-affiliated
species (aside from D. fernandezi) are mapped to an
abridged version of the modern suprageneric phylogeny of
the Arecaceae by Baker and Dransfield (2016). This demon-
strates that the Xylastodorinae on current knowledge, aside

from D. fernandezi, exhibit host plant conservatism at the
subfamilial level, for both Neotropical and southwest Pacific
xylastodorines. At the tribal level, the associations are
restricted to 4 of the 14 Arecoideae tribes and this does
not support an hypothesis of preferential host switching,
with a caveat of the likelihood of sampling inadequacy.

For a subset of the palm-palm bug associations (Table 2),
the sister-group palm tribes Euterpeae and Areceae each
harbour a pair of Neotropical and Southwest Pacific xylas-
todorines respectively (see Fig. 15). This establishes that the
palm hosts of the Southwest Pacific xylastodorines are not
shared with Neotropical relatives at the tribal level.

Discussion

Biology

Natural history

Latebracoris norfolcensis is similar to Discocoris spp. and
Proxylastodoris kuscheli within the Xylastodorinae in that
adults and nymphs are found on reproductive structures of
palms rather than on leaves, as in Xylastodoris luteolus
(Weissling et al. 2012). Latebracoris norfolcensis and
Discocoris drakei (Couturier et al. 2002) have the most
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detailed biological information within the subfamily, both
of which exhibit ecomorphological and lifestyle similarities,
including: (1) cryptozoic and dorsoventrally flattened body;
(2) cling tightly to plant surface; (3) found in palm cupule
depressions (cf. Fig. 3d and 4 with Couturier et al. 2002); and
(4) eggs oviposited in the fissure between the cupule rim and
the base of the flower or fruit that rests in the cupule.

These two species exhibit differences in life cycle strategy
that correspond with palm reproductive phenology. A palm
inflorescence is a large structure and development through
flowering, fruiting, fruit fall and final shedding can occur
over many months. Discocoris drakei are early flower fee-
ders. In this species, adults fly to young inflorescences when
flowers first open, where eggs are laid and hatchlings feed
only on flowers. Hatchlings vacate the palm host by flight a
month later as adults before fruit has developed (Couturier
et al. 2002). We could not study the activity of Latebracoris
norfolcensis at early flowering stage because no palms were
in flower during fieldwork. However, insecticide spraying of
infructescences with young (white), medium (green) or old
(red) fruit consistently yielded catches of adults of both
sexes and all nymphal instars. This indicates that L. norfol-
censis has continuous, overlapping life stages and possibly
generations that persist for the lifespan of an inflorescence
or infructescence. This hypothesis is supported by the fact
that the dark greyish-brown adults of L. norfolcensis are
camouflaged against the brown perianth scales of the palm
host (Fig. 3a—c) that are a feature of mature fruit. In con-
trast, the much paler Discocoris drakei adults resemble the
white flowers and rachillae of early inflorescences of the
palm host. This is also supported by the location of eggs of
L. norfolcensis that are inserted into the fissure around the
base of mature fruit, inferring that nymphs do not feed on
flowers. Discocoris drakei inserts eggs into the minute fissure
in soft tissues around the base of small unopened flowers,
whereas the fissure used by L. norfolcensis is wider and
bounded by the tough, mature tissues of the rachilla and
petiole scale. This may explain why L. norfolcensis glues eggs
in position with a copious deposit of adhesive secretion that
may be an adaptation for life on mature infructescences. Egg
adhesive was not noted for Discocoris species and in the
wider Thaumastocoridae this has only been recorded as a
superficial device to anchor eggs to leaf surfaces in a few
thaumastocorine species (Kumar 1964; Hill 1988).

In good seasons, mature palms may flower each time a
leaf is shed resulting in an individual palm having several
inflorescences of different ages, with the youngest at the top
of the series. This was conspicuous in the Rhopalostylis
baueri palms on Norfolk Island at the time of our fieldwork
with some having four infructescences at different develop-
mental stages (e.g. Fig. 2d and see caption). This indicates
that the population of L. norfolcensis on a palm may not
disperse often to infest new palms but can simply move
upwards on the same individual palm and infest progres-
sively younger fruiting structures. Our observation of adults
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clustering on the outside of a soon-to-open spathe further up
the palm from an older inflorescence may be an example of
this behaviour (Fig. 2c). Discocoris drakei are frequent fliers
since life on an individual palm is brief. We did not observe
L. norfolcensis in flight, but wing buzzing and capture in a
malaise trap, and no evidence of wing shortening indicate
that these are capable of dispersion. Continuous sessile popu-
lations on one palm over long periods may not often need
flight.

Discocoris drakei feed on flowers whereas the precise
feeding site of L. norfolcensis is not clear. When living on
fruit-bearing rachillae there are only two options: the rachilla
surface or the fruit surface. Adults usually rest on the hard
dried petiolar scales and one was seen to apparently be
feeding on the rachilla surface from the pose in Fig. 3b.
Nymphs were almost invisible but occasionally seen on the
rachilla surface. First instars hatching from the eggs would
emerge directly onto the rachilla surface, therefore the
rachilla surface is the most likely feeding site. Presumably
the palm vascular system would be transmitting a rich flow of
nutrients to the fruit, at least during the fruit growth period
and this supports the rachilla feeding site hypothesis.

Palm specialism and sampling inadequacy

In this work we verify the hypothesis of palm specialism
for Recent Xylastodorinae (Couturier et al. 1998, 2002;
Cassis et al. 1999) with the inclusion of palm host records
for the Southwest Pacific species Proxylastodoris kuscheli
(van Doesburg et al. 2010) and Latebracoris norfolcensis.
In Fig. 15 we show in Discocoris, the only multi-species
xylastodorinae genus, that these are not restricted to any
one Neotropical lineage of palms. The best-known species of
Discocoris, D. drakei, is known from four species of the palm
genus Oenocarpus but also an unrelated palm species in the
genus Phytelephas from Peru (Schuh 1975) (Table 2).
Couturier et al. (2002) postulated that D. drakei is an
Oenocarpus specialist but this may be influenced by the
association with multiple cultivated foodcrop species of this
palm genus. This may have unnaturally expanded the host
range of D. drakei and encounters of the species by insect
collectors. All the other xylastodorines are host plant-specific
(Table 2) but more survey is needed to verify that these are
not oligophagous or polyphagous, and to test whether
restricted host breadth is an artefact of sampling inadequacy.

The strongly supported sister-species relationship of
Latebracoris norfolcensis and Thaicoris sedlaceki (Fig. 13
and 14) predicts that the host of the latter is a palm species.
This is a South-East Asian xylastodorine from two widely
separated localities: (1) ‘50km N of Trak’ Thailand
(Kormilev 1969) and (2) ‘Ciantar 1000m, 20km N of
Bandung’ Java (Heiss and Popov 2002). If this is a palm
feeder then the elongated body may indicate that the species
is a leaf-feeder like the elongated Xylastodoris luteolus,
rather than an inflorescence feeder, as in the oval species
of Discocoris, Latebracoris and Proxylastodoris. In our
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phylogenetic analysis, Xylastodoris luteolus is sister to
Latebracoris norfolcensis + Thaicoris sedlaceki but this is
not supportive of a leaf feeding prediction, given that the
relationship is without symmetric resampling support. By
contrast, the fossil species Paleodoris lattini is elongated, yet
is nested within the oval body shape of Discocoris with
resampling support (Fig. 13 and 14) but its position is
compromised by a lack of genital characters that could be
codified.

Numerous xylastodorine species are known from few
specimens, indicating that collection has been serendipitous,
as was the initial collection of Latebracoris norfolcensis.
Considering the crypsis of xylastodorines on inflorescences
and infructescences, high out of reach of orthodox collecting
techniques, the probability of discovery of new xylastodor-
ine species on more palm species is high, particularly with
the application of the novel xylastodorine collecting meth-
ods designed for palm bugs in this work (Fig. 2). This is
particularly the case in the Southwest Pacific where xylas-
todorine discovery has occurred in only the past 10 + years
and the presence of xylastodorines in South-East Asia is
restricted to only two specimens of Thaicoris sedlaceki,
both without host plant data. We predict that other palms
of the Areceae may serve as hosts for the latter species,
given the tribe's diversification in the Indomalayan bio-
region and the tribal group upon which the related L. nor-
folcensis and P. kuscheli feed.

Biogeography and conservation

Biogeographic connections

The discovery of two Xylastodorinae endemic species in
the Southwest Pacific brings into question the origins and
diversification of the subfamily. Van Doesburg et al. (2010)
discussed this for Proxylastodoris kuscheli based on tempo-
rally disconnected and alternative hypotheses about the
origins of the New Caledonia biota in general; viz. the
dispersalist Pliocene derivation and post-Palaeocene sub-
mersion v. the Gondwanan vicariance hypotheses (see
Edgecombe and Giribet 2009 for discussion). Van
Doesburg et al. (2010) came to no conclusion about the
two models but suggested that present-day xylastodorine
distribution may be a result of extinction and the
Southwest Pacific occurrence may be a case of relictualism.
These authors, by recognising P. kuscheli as a living fossil
(because the congener P. gerdae is a Baltic amber fossil),
also suggested that Xylastodorinae may have been wide-
spread in the Eastern Hemisphere during the Cenozoic.
The discovery of Latebracoris norfolcensis herein not only
fulfills that prediction but also specifically adds Norfolk
Island to the xylastodorine puzzle, an oceanic island that
is both remote and comparatively recent in age, ~3 million
years old (Jones and McDougall 1973). Furthermore, our
recognition that Latebracoris norfolcensis and Thaicoris
sedlaceki are sister-species supports the notion that Recent

xylastodorines are currently more widespread (van
Doesburg et al. 2010; Schuh and Weirauch 2020) but likely
undiscovered in the Eastern Hemisphere, with the latter
species being present west of Wallace’s line.

The biogeographic connections of the xylastodorines
between the Indo-Australian and Neotropical bioregions is
an open question without the benefit of phylogenomics and
divergence dating. The absence of xylastodorine-palm asso-
ciations offers another avenue of enquiry. Van Doesburg
et al. (2010) highlighted the stasis of xylastodorine-palm
affiliation at a suprageneric level on the opposite sides of
the Pacific and speculated that long distance dispersal for
both lineages was unlikely. The mapping of all xylastodorine-
palm records (Fig. 15) to the palm tribal phylogeny of Baker
and Dransfield (2016) reveals no overlap of palm associations
at the tribal level. This does however show that the
Discocorisdrakei—Qenocarpus palm species and Southwest
Pacific xylastodorine associations are shared between the
sister palm tribes Euterpeae and Areceae respectively
(Fig. 15). Dowe (2010) reported on the first fossil palm pollen
records in Australia and New Zealand from the Palaeocene
(c.60Ma), and that palms were diverse in the
Eocene—Palaeocene but with decline in palm diversity and
distribution with the onset of aridity in the late Miocene.
Palm genera, including Rhopalostylis were also suggested to
possibly have been present as an autochthonous element on
the Australian continent prior to the Miocene. Pole (1994)
argued that the Norfolk Island flora is a result of dispersal,
with connections to New Zealand and that the flora shares the
palm species Rhopalostylis baueri with the Kermadec Islands,
the host of Latebracoris norfolcensis.

Conservation of Latebracoris norfolcensis

The narrow range endemism of Latebracoris norfolcensis
within the 460-ha area of Norfolk Island National Park,
coupled with the possible impacts of cleared vegetation
and invasive species (Director of National Parks 2010,
2018), requires consideration under the IUCN Red List
methodology (International Union for Conservation of
Nature 2023). The vulnerability of the species may satisfy
the area and extent of occupancy criteria. This would likely
be assessed as data deficient, requiring future sampling in
forest remnants outside the Norfolk Island National Park
and more extensive sampling within the reserve.

Morphology and systematics

Nymphal and egg morphological similarities in
the Xylastodorinae

The Western Hemisphere taxa (Xylastodoris luteolus and
Discocoris spp.) within Xylastodorinae notably have nymphs
with two abdominal scent glands and eggs without a circle
of erect micropylar processes around the perimeter of the
operculum. In comparison, the two Southwest Pacific spe-
cies, Proxylastodoris kuscheli and Latebracoris norfolcensis
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have nymphs with only one scent gland and eggs with a
prominent circle of erect micropylar processes. Although
characters of both egg and nymphs have differences
between east and west taxa, observations of more taxa are
required prior to their inclusion in phylogenetic analyses.

Challenges in homologising genital and forewing
characters in the Miroidea

In both our analyses, without (Fig. 13) and with (Fig. 14)
fossil taxa, the Tingidae + Thaumastocoridae relationship is
supported, with corroborated resampling and synapomor-
phy support. None of the eight synapomorphies are of the
genitalia or venation of the forewing. Given the importance
of these character systems in heteropteran systematics in
general, we discuss below difficulties in the homologisation,
with the prospect that future resolution will verify the sister-
group relationships in the Miroidea presented herein.

The asymmetrical abdominal SVIII and pygophore in
Thaumastocoridae are unlike any in the Heteroptera,
let alone the Miroidea. Likewise for females, with the
absence of external female genitalia, enlarged abdominal
SVII and absence of a subgenital plate, indicating specialised
mating and oviposition behaviour, and undoubtedly in rela-
tion to the laminaphile habits. Female thaumastocorids lack
an ovipositor for the species investigated and the bursa
copulatrix is sac-like without sclerotisation. In comparison,
the external genitalia of the Miridae are alike, with a flap-
like subgenital plate and a laciniate ovipositor overlapped
by the eighth and ninth ventrolateral tergites (Davis 1955;
Drake and Slater 1957). Even more perplexing, the sperm
storage organs in the three miroid families are highly diver-
gent. In the Miridae the sperm storage organ is a large,
sac-like structure attached broadly to the bursa copulatrix
and is referred to as the seminal depository (Davis 1955).
In the Tingidae there are competing hypotheses, with the
so-called paired pseudospermathecae leading into the
bursa copulatrix (Drake and Davis 1960; Lis 1999) that are
alternatively interpreted as accessory glands (Livingstone
and Yacoob 1990; Schuh and Weirauch 2020). In the
Thaumastocoridae there are no such organs leading into
the bursa copulatrix and there are ball-like structures near
the base of each of the lateral oviducts instead that we refer
to as reservoirs but are of unknown function.

Forewing homology across the three target families is also
vexed and this is true more broadly for the Heteroptera
(Schuh and Weirauch 2020) and Hemiptera (Nel et al.
2012). Foremost in the Miroidea is the challenge of homo-
logising the Tingidae forewing components, with specialised
areolation and carination, with those of the Miridae and
Thaumastocoridae. This is confounded in the Tingidae due
to competing hypotheses of forewing venation by Drake and
Davis (1960) and Lis (1999). Zhang et al. (2005) proposed
using the fossil taxon Ignotingis mirifica Zhang, Golub, Popov
& Shcherbakov, 2005 (Ignotingidae) forewing venation,
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essentially as a ground plan but we found the application to
Recent taxa of little use.

Equating the most anterior vein that is posteriad to the wing
margin in Miridae and Thaumastocoridae with that of Tingidae
is currently at an impasse. These have been named as R + M in
Miridae (cf. Schuh and Slater 1995) and subcosta in Tingidae
(Lis 1999), under the hypothesis that the anterior forewing
margin is the costal vein. This is confounded by the recognition
of an area in the Cantacaderinae that is anterior to the costal
area, referred to as the stenocostal area by tingid specialists
(Drake and Davis 1960; Froeschner 1996), that is hypothesised
to be of pre-costal origin (Lis 1999). In comparison, the R + M
in Thaumastocoridae is equivalent to that named in the
Miridae, with the first recognisable anterior vein posteriad to
the costal margin, spatially demarcated by the adjacent median
flexion line in both families (cf. Fig. 10a for L. norfolcensis and
Schuh and Slater 1995, fig. 10.1 for Miridae).

Although we did not codify corial cells in our phyloge-
netic analysis, there is promise in homologising the cells in
the corium of Thaumastocoridae and Tingidae. The corium
has four closed cells (radial, medial and two basal) in
Latebracoris norfolcensis (Fig. 10a). This cellular configura-
tion is very similar to that found in all Xylastodorinae,
including Discocoris drakei (Cassis, personal observation),
Proxylastodoris gerdae (Bechly and Wittmann 2000, fig. 1)
and Xylastodoris luteolus (Schuh and Slater 1995,
fig. 52.2D). The Dominican fossil species Paleodoris lattini
is similar in cell number but differs in cell area and configu-
ration (Poinar and Santiago-Blay 1997, fig. 2). We could not
homologise the corial cells of the Xylastodorinae either with
the extra subdivisions that are common in the
Cantacaderinae forewing (Lis 1999) or the subcostal area
in Tingidae because of the apparent absence in the Miridae
and Thaumastocoridae. What also appears to be confound-
ing is the elongation of the corium in the Xylastodorinae and
Tingidae, resulting in a prolonged subcostal area in lace
bugs but no equivalent in the palm bugs. This also has
ramifications in homologising the corium in Miridae and
Thaumastocorinae with the discoidal area in Tingidae.

The xylastodorine corial cells are however very similar to
those found in the fossil taxon Golmonia pater Popov, 1989
(cf. L. norfolcensis, Fig. 10a and Golub and Popov 2008,
fig. 1), with the former having a disputed taxonomic alliance
(Lis 1999, Thaumastocoridae; Nel et al. 2004, incertae famil-
iae; Golub and Popov 2008, Tingidae). In the illustration of
the forewing of this fossil species, there are discernible
elongated costal and subcostal areas, suggesting annectant
morphology between Xylastodorinae that lack a subcostal
area and Tingidae. We note that Golub and Popov (2016)
hypothesised a relationship between Thaumastocoridae and
G. pater based on the corial cells but did not name either the
costal or subcostal areas in their illustration.

In comparison, the forewing of Thaumastocorinae lacks
corial subdivision (e.g. Noack et al. 2011). There are also
differences between the two Thaumastocoridae subfamilies,
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with the Xylastodorinae having the R + M fusing with CuA
distally, extending the corium to near the apex of the forew-
ing that differentiates this from the much shorter corium in
the Thaumastocorinae.

Classification and relationships of the
Thaumastocoridae

The phylogenetic analysis herein verifies, for both taxon
partitions, a monophyletic Thaumastocoridae in alignment
with the hypotheses of Schuh and Stys (1991) and Weirauch
et al. (2019). In both analyses the family has 99% resam-
pling support and 13 supporting synapomorphies, including
non-genitalic and genitalic characters, such as the highly
autapomorphic characters of the asymmetrical pygophore
and male abdominal SVIII, and the absence of external
female genitalia and subgenital plate. These results support
retention of the Thaumastocorinae and Xylastodorinae as
sister taxa at subfamilial rank, and the raising of the latter
by Viana and Carpintero (1981) to family rank is not sup-
ported, in alignment with the ranking argumentation of
Schuh et al. (2006).

The Xylastodorinae is monophyletic in both phylogenetic
analyses, with >90% resampling support and four synapo-
morphies, including the loss of both parameres. This verifies
the concept of xylastodorines as a transoceanic lineage. This
also establishes sister-group relationships between the
South-East Asian species Thaicoris sedlaceki and the
Norfolk Island species Latebracoris norfolcensis, based on
three head synapomorphies. This corroborates the synon-
ymy of the Thaicorinae with the Xylastodorinae, in accord-
ance with Schuh and Weirauch (2020). The phylogenetic
analysis of the partition with fossil taxa corroborated the
monophyly of the Xylastodorinae based on the Recent taxa
partition, although this was compromised by the lack of
genitalic characters for fossils. Uncertainty exists in the sys-
tematic position of the genus Proxylastodoris that is not
monophyletic in the fossil taxa partition analysis (although
without genital data for the fossil P. gerdae) and in the Recent
taxa partition analysis, with P. kuscheli sister to the remaining
Xylastodorinae species exemplars. Neither result is supported
by resampling support or uncontradicted synapomorphies.
Likewise, in both analyses, the clade Xylastodoris luteolus
(Thaicoris sedlaceki + Latebracoris norfolcensis) has no
resampling support nor synapomorphies.

The Thaumastocorinae was also found to be mono-
phyletic based on 98% resampling support and five synapo-
morphies, with the reduced tarsi and presence of a tibial
appendix correlated, suggesting a diminution of attachment
and locomotory function of the tarsi. In this work, we
provide the first analysis of ingroup relationships based on
two species of the three Australian genera (Baclozygum,
Onymocoris and Thaumastocoris) but with monophyly only
for Onymocoris. The genus Baclozygum is lacking a modern
taxonomic treatment and study of the internal genitalia of
any species, hampering diagnosis and determination of its

systematic position. The Indian genus Wechina Drake &
Slater, 1957 was not analysed given its rarity and lack of
pertinent morphological information, although this is undoubt-
edly a member of the Thaumastocorinae (Drake and Slater
1957; Schuh and Slater 1995; Schuh and Weirauch 2020).

The fossil subfamily Thaumastotinginae is not a member
of Thaumastocoridae, despite the reported presence of pre-
tarsal pseudopulvilli and asymmetrical male genitalic char-
acters (Heiss and Golub 2015). Based on our examination of
the images of Heiss and Golub (2015, fig. 3) and those of
T. areolatus provided by Heiss (pers. comm.), we hypothe-
sise that the pygophore is positioned centrally and not later-
ally as in Thaumastocoridae, and the left orientation of the
pygophore may be a result of preservation. Also, the paired
symmetrical parameres, that may be directed caudally as in
Tingidae if the pygophoral genital opening is artefactual, are
not present in Thaumastocoridae, with the left paramere
present at most as in the Thaumastocorinae. The female
genitalia of the second specimen of Thaumastotingis areola-
tus are unlike that of Recent Thaumastocoridae and may be of
the Tingidae-type, with an ovipositor and overlapping later-
otergites (see Heiss and Golub 2015, fig. 6). However, given
the state of preservation and our observation of only images
of the fossil, we refrained from codifying this as such.

Heiss and Golub (2015) recognised the annectant mor-
phology of T. areolatus, including Tingidae characters (e.g.
areolation and cells in the corium) that are not present in
Recent or fossil Thaumastocoridae. In addition, there are
characters that are not found in both Thaumastocoridae and
Tingidae, such as the three-segmented tarsi. However we
found character support for the transfer of
Thaumastotinginae to Tingidae in our phylogenetic analysis
(Fig. 14) but there was only modest resampling support for
inclusion in the latter family. Also, we did not have the
opportunity to observe the specimens directly. For this rea-
son, we regard Thaumastotinginae as incertae familiae and
not a member of Thaumastocoridae.

We note that the discovery of critical fossil Tingidae and
allies over the past 35 years (see Schuh and Weirauch 2020
for documentation) has highlighted a rich ancient morphol-
ogy (Golub and Popov 2016) that is not apparent in Recent
Tingidae, including that found in fossil taxa such as the
Ignotingidae (Zhang et al. 2005). As a result, tingidologists
of both Recent (e.g. Lis 1999) and fossil (Golub and Popov
2016) taxa have recognised these within a superfamily
Tingoidea that is not recognised by phylogeneticists
(e.g. Weirauch et al. 2019; Schuh and Weirauch 2020). We
recognise the benefits of integrating the classification of
fossil and Recent Hemiptera, as in Szwedo (2016; including
the recognition of the superfamily Tingoidea). However, a
nexus between both is confounded by character inapplicability,
either as preservation inadequacy or characters that are unique
or cannot be codified with confidence.

In this work, we have sought to assess not only the position
of Latebracoris norfolcensis within the Thaumastocoridae but
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also test the phylogenetic relationships within the superfamily
Miroidea. The classification of Miroidea: Miridae, Tingidae
and Thaumastocoridae, with the latter comprising the
Thaumastocorinae and Xylastodorinae, is supported.
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