[Papers in Palaeontology, Vol. 6, Part 4, 2020, pp. 593-603]

BURMORUSSIDAE, A NEW FAMILY OF PARASITIC
WASPS (INSECTA, HYMENOPTERA) FROM
MID-CRETACEOUS BURMESE AMBER

by QI ZHANG', DMITRY S. KOPYLOV>?*

YAN ZHENG? and HAICHUN ZHANG®

1School of Geography & Tourism, Qufu Normal University, Rizhao 276826, China

, ALEXANDR P. RASNITSYN?*,

2A.A. Borissiak Palaeontological Institute, Russian Academy of Sciences, Moscow 117647, Russia; aeschna@yandex.ru

3Cherepovets State University, Cherepovets, 162600, Russia
“Natural History Museum, London, SW7 5BD, UK
*Institute of Geology & Paleontology, Linyi University, Linyi 276000, China;

®State Key Laboratory of Palacobiology & Stratigraphy, Nanjing Institute of Geology & Palaeontology, Chinese Academy of Sciences, Nanjing, 210008, China

*Corresponding author

Typescript received 24 January 2019; accepted in revised form 22 January 2020

Abstract: A new genus and species, Burmorussus mirabilis,
is described based on two specimens from the mid-Cretac-
eous Burmese amber, and considered to be a specialized par-
asitic wasp of wood-living hosts. The new taxon is
characterized by an orussid-like ocellar crown, big eyes,
antennae attached well above the clypeus, and antennal
grooves or ventral transverse frontal carinae absent. Addi-
tionally, all legs carry a prominent lanceolate lobe on the
third tarsomere. A similar structure is found, but organized
differently, in Recent Orussidae and Stephanidae, serving as

part of a vibration analyser. Although sharing some charac-
ters with families Karatavitidae, Orussidae and Paroryssidae,
this new taxon cannot be assigned to any of these families.
We propose a new monotypic family Burmorussidae and
assign it to the superfamily Orussoidea. A phylogenetic anal-
ysis confirms the monophyly of Orussoidea, which occurs a
sister group to Apocrita.

Key words: Orussoidea, Karatavitoidea, phylogeny, mid-
Cretaceous, Burmese amber.

Mip-CreTACEOUS (late Albian to early Cenomanian)
amber from the Hukawng Valley in Myanmar is cur-
rently one of the richest sources of knowledge about
insects and other segments of the non-marine biosphere
of that period (Rasnitsyn 1996; Zherikhin & Ross 2000;
Grimaldi et al. 2002; Ross et al. 2010; Rasnitsyn et al.
2016; Guo et al. 2017; Ross 2018). It is noteworthy that
endemic families, including Aptenoperissidae, Bryopom-
pilidae, Melittosphecidae, Myanmarinidae and Oth-
niodellithidae (Poinar & Danforth 2006; Engel et al.
2016; Rodriguez et al. 2016; Guo et al. 2017; Rasnitsyn
et al. 2017), comprise a particularly impressive propor-
tion of Hymenoptera in the Burmese amber. In this
report, we describe one more endemic wasp from this
source.

The new family Burmorussidae described herein shares
characters with the extinct Mesozoic families Karataviti-
dae (Rasnitsyn 1963, 1969; Rasnitsyn et al. 2006; Rasnit-
syn & Zhang 2010) and Paroryssidae (Martynov 1925;
Rasnitsyn 1963, 1968), and extant Orussidae recorded
since the Cretaceous (Rasnitsyn 1977; Basibuyuk et al.
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2000; Vilhelmsen 2004; Vilhelmsen & Zimmermann
2014). Families Orussidae and Paroryssidae are grouped
into the superfamily Orussoidea, which forms a sister
group to the Apocrita (Ronquist et al. 1999, 2012; Vil-
helmsen et al. 2001, 2008, 2010; Rasnitsyn & Zhang 2010;
Heraty et al. 2011; Sharkey et al. 2012; Peters et al. 2017).
Jurassic Karatavitidae is the only family within the super-
family Karatavitoidea and displays numerous plesiomor-
phic characters; this points to its ancestral position with
respect to Orussoidea and Apocrita (Rasnitsyn & Zhang
2010). Rasnitsyn & Zhang (2010) proposed an infraorder,
Orussomorpha, for Karatavitoidea and Orussoidea, but
this taxon is paraphyletic. The new fossil described herein
from the mid-Cretaceous Burmese amber represents a
major addition to the above diversity.

MATERIAL AND METHOD

Here, we describe two specimens collected from the
amber mines sited in the Hukawng Valley of Kachin
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Province, Myanmar (for locality details see Li et al
2018). The age of Burmese amber is still debated. The
rock containing the Burmese amber has been radiomet-
rically dated at 98.79 % 0.62 myr (Shi et al. 2012). The
amber displays clear traces of re-deposition and could
therefore be older than the enclosing rocks (Ross et al.
2010). However, the most recent research by Smith &
Ross (2018) contradicts this hypothesis and suggests an
early Cenomanian age for the amber. Here, we will not
discuss this problem and refer to it informally as mid-
Cretaceous.

The specimens described herein are registered and
deposited in the Nanjing Institute of Geology and
Palaeontology, Chinese Academy of Sciences (NIGPAS;
specimen prefix NIGP). The material was studied under
a Nikon SMZ-10 R stereoscopic microscope and a
Nikon Optiphot compound microscope with magnifica-
tions up to 800x at the State Key Laboratory of
Palaeobiology and Stratigraphy, NIGPAS, and using
Leica M165C stereomicroscope with a Leica DFC 420
camera at the A.A. Borissiak Paleontological Institute,
Russian Academy of Sciences, in Moscow. In most
instances, incident and transmitted lighting were
employed simultaneously. Helicon Focus Pro x64 was
used to stack photos for better depth of field. The line
drawings were prepared based on photographs using
image-editing software (CorelDraw X7 and Adobe Pho-
toshop CS6).

Cladistic analysis was performed with PAUP 4.0a soft-
ware (Swofford 2003). Our data matrix is drawn from the
character sets of Ronquist et al. (1999), Vilhelmsen
(2003), Vilhelmsen efr al. (2010), Rasnitsyn & Zhang
(2010), Vilhelmsen & Zimmermann (2014) with correc-
tions and additions, and is available in Zhang et al.
(2020). All characters were considered with equal weight;
13 characters were ordered and 44 were unordered (for
details, see Zhang et al. 2020). Multistate characters were
interpreted as polymorphism. The cladogram was rooted
using Xyelidae as outgroup. A branch-and-bound search
was employed to find all most parsimonious trees. To
evaluate the reliability of retained tree we used bootstrap
analysis (500 replicates) with full heuristic search, keeping
up to 1000 most parsimonious trees at every replicate
(starting seed = 1310, the time when analysis was
started).

Wing venation nomenclature follows Rasnitsyn (1969).
The number before the vein name refers to the abscissa
number (Fig. 1B).

SYSTEMATIC PALAEONTOLOGY

By Qi Zhang, Dmitry S. Kopylov and A. P. Rasnitsyn

Order HYMENOPTERA Linnaeus, 1758
Superfamily ORUSSOIDEA Newman, 1834

Families included. Orussidae Newman, 1834, Paroryssidae
Martynov, 1925, Burmorussidae fam. nov.

Diagnosis. Forewing with Sc absent; costal area wider than
C; 1-Rs proclined; 3r-m absent; 2m-cu absent or nebulous;
al-a2 present; A2+3 before al-a2 usually not developed or
nebulous, when present, forming an anal loop. Hindwing
with 3r-m lost, cell 2+3r-m open; jugal lobe present.
Halves of the first abdominal tergum fused to form entire
plate (propodeum). Propodeum and metapostnotum not
fused with metapleura laterally. Abdominal segment 2
cylindrical or slightly depressed, wider than long, without
waist. Larva carnivorous (known only for extant Orussi-
dae; the shape of ovipositor in Paroryssidae and the pres-
ence of tibial vibration sensors in Burmorussidae suggest a
carnivorous larval diet for these fossil families as well).

Comparison. Orussoidea resembles Karatavitoidea Rasnit-
syn, 1963 in having the fore wing with Sc absent, 1-Rs pro-
clined, the hind wing with the jugal lobe present, and the
Ist abdominal segment with both halves of tergite fused,
modified into the propodeum but not fused completely
with the metapleura. It differs from Karatavitoidea in
absence of 3r-m in the fore wing and absence of 1m-cu in
the hind wing. It also differs from Siricina in the structure
of 1st abdominal segment (both halves of tergite fused,
modified into the propodeum but not fused completely
with the metapleura), carnivorous larval diet; from Apoc-
rita (= Vespina excluding Orussoidea and Karatavitoidea)
in the absence of true wasp waist, presence of A2+3 in the
fore wing (except Kuafuidae) and in the presence of jugal
lobe in hind wing (from the majority of Apocrita).

Family BURMORUSSIDAE nov.

LSID. urn:lsid:zoobank.org:act:8122239D-A1FF-4FF5-9905-
6AC354C8CE6A

Type genus. Burmorussus gen. nov.

FIG. 1. Burmorussus mirabilis gen. et sp. nov., holotype NIGP167698, mid-Cretaceous, Burmese amber. A, interpretative drawing
(sc, scape; pd, pedicel; fl, flagellum; n, notauli; s, longitudinal sulcus; ts, transverse sulcus; ss, scuto-scutellar sulcus). B, reconstruction
of wings with vein names (regular) and cell names (bold), nebulous veins shown by dotted lines. C-E, photos of the specimen from

various aspects. All scale bars represent 0.5 mm. Colour online.
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Genera included. Only the type genus.

Diagnosis. Head with crown of paired backward-pointing
teeth around median ocellus (ocellar corona) with ven-
tralmost coronal teeth well below the ocellus, ventral
unpaired tooth absent. Eyes large, occupying the major
part of head surface. Antennae with 12 flagellomeres,
attached high above clypeus, at midheight of eye. No
ventral transverse frontal carina and antennal grooves
developed. Mandibular tips meeting anteriorly of lab-
rum. Mesonotum with longitudinal, transverse, scuto-
scutellar sulci and notauli developed; admedial and
adlateral lines invisible possibly because of rough
mesonotal sculptures. Middle and hind coxae separated
by elongated postepisternum. Fore wing with crossveins
1r-rs, 2r-rs, 2r-m, 1m-cu, 2m-cu, lcu-a, 2cu-a and al-a2
developed, 3r-m lost; Ir-rs shorter than 2r-rs; 2A well
developed beyond al-a2 and partly spectralized basad of
al-a2;  3A  absent; wing fixation  apparatus
(cenchri + rough area within anal loop) not developed.
Hind wing with cell r enclosed; crossveins 1r-m and cu-
a present, 2r-m and m-cu lost. 1st abdominal segment
flat dorsally, with halves of tergite fused, differing in
shape and surface sculpture from subsequent segments,
forming a kind of propodeum, not fused laterally with
metapleura; articulation between 1st and 2nd abdominal
segments (propodeum and 1st metasomal) flexible, waist
between 1st and 2nd segments wide in upper view and
not deep in side view.

Comparison. The new family differs from Orussidae and
Paroryssidae in having antennae with 12 flagellomeres
attached high above the clypeus, the elongated postepis-
terna separating the middle and hind coxae, the wing fix-
ation apparatus absent, fore wing with 1r-rs, 2r-rs and
2m-cu present. A more detailed morphological and phy-
logenetic analyses of Burmorussidae in comparison with
other taxa is provided in the Discussion below.

Genus BURMORUSSUS nov.

LSID. urn:lsid:zoobank.org:act:4BB9C96B-47F6-45C7-B8CD-
DA346E0CFFC5

Derivation of name. From Burma (former name of Myan-
mar) and genus Orussus Latreille, 1796.

Type species. Burmorussus mirabilis sp. nov.
Species included. Type species only.

Diagnosis. As for family, by monotypy.

Burmorussus mirabilis sp. nov.
Figures 1, 2

LSID. urn:lsid:zoobank.org:act:27C5F4EB-16C6-4450-8FFE-
8D58E8A59B34

Derivation of name. From Latin mirabilis, amazing.
Material. Holotype NIGP167698, paratype NIGP169597.

Description. Male. Head and thorax shining, mesoscutellum,
antennae, legs, wing veins and abdomen brown, wing membrane
not coloured. Head as wide as high, roughly dotted; eyes large
with height equal to c¢. 0.7x head height; ocelli ovate with lat-
eral ones slightly wider than median one, distance between ocelli
equal to c. 2x lateral ocellus width; ocellar corona consisting of
5-6 pairs of teeth, with upper teeth overlapping and forming
irregular transverse sculpture between lateral ocelli. Antenna
with scape long and robust, 4.0x as long as wide and 0.4x as
long as eye height, and c. 0.2 of antennal length; pedicel short,
conical, 1.6x as long as wide, 0.28x as long as scape; flagellum
filiform with 1st flagellomere 2.0x as long as pedicel and 5.2x
as long as wide, 2nd 0.6x as long as 1st, following ones gradu-
ally decreasing in length but not in width, apical one 2.0x as
long as wide, rounded apically. Mandibles with three teeth: one
obtuse tooth on upper edge of mandible and two sharp teeth
on tip. Thorax roughly dotted, with irregular transverse sculp-
ture. Mesonotum with transverse suture deep; longitudinal and
scuto-scutellar sulci dotted; notauli weak, converging, vanishing
in the middle of mesonotum, reaching neither each other nor
longitudinal suture nor transverse suture. Fore coxae with long
lobes medial of trochanters. Tarsi 5-segmented with 4th tar-
somere very short; 3rd one apically with lanceolate ventral
apophysis. Hind tibia swollen (c. 4x as wide as 1st tarsomere),
and slightly narrowed toward apex; fore and mid tibiae not
swollen (2-3x as wide as Ist tarsomere). Middle tarsomere 2
with long seta reaching tip of apophysis of tarsomere 3. Fore
wing with costal area narrow basally, gradually widened distally,
3x as wide as C at the widest point (near furcation of R and
Rs); pterostigma completely sclerotized, with rounded posterior
edge, 3.2x as long as wide; C overlapping base of pterostigma,
costal flexion line oblique; 1-Rs 1.4x as long as 1-M; RstM
short, 0.4x as long as 1-Rs; 2-Rs 2.0x as long as 1r-rs; 4-Rs
0.6x as long as 3-Rs; Ir-rs oblique, joining pterostigma at its
0.25 length; 2r-rs nebulous, vertical, 1.4x as long as 1r-rs, join-
ing pterostigma at its 0.6 length; cell 1r 1.6x as long as wide, 2r
2.1x as long as wide, 3r 3.8x as long as wide; 2-M 1.9%x as
long as Rs+M; 3-M as long as 2-M; distal ends of Rs and M sig-
nificantly diverging; cell 2rm 1.2x as long as wide; 1r-m bent
towards wing base; 2r-m displaced basad; 2m-cu nebulous; 2-Cu
1.5% as long as 1-Cu; cell Imcu 1.5x as long as wide; 2-1A
1.6x as long as 3-1A; cell 2a 4.8x as long as wide; 2-Rs, 1r-m,
lcu-a and 2cu-a each with one bulla in its lower part; 1A not
developed beyond 2a cell; 2A spectralized between anal loop and
al-a2. Hind wing with basal hamulus absent, three median and
seven distal hamuli present; cell r 4.4x as long as wide; 1-Rs
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FIG. 2. Burmorussus mirabilis gen. et sp. nov., mid-Cretaceous, Burmese amber. A—E, holotype NIGP167698: A, head, frontal view,
with teeth of ocellar corona shown by arrows; B, head, top view, with teeth of ocellar corona shown by arrows; C-E, fore, mid and
hind-tarsi respectively, with lanceolate lobe on 3rd tarsomeres shown by an arrow, 4th tarsomere very short in all legs and hardly dis-
tinguishable from 5th one. F-G, specimen NIGP169597: F, general view; G, head sculpture. Scale bars represent: 0.2 mm (A-E, G);

1.0 mm (F). Colour online.

4.2x as long as Ir-m; 1-M bent anteriorly; distal part of M
gently curved backwards; 1-Cu c. 0.2x as long as cu-a; a short
stab of 2A running along wing posterior margin. 1st abdominal
segment (propodeum) coarsely dotted, subsequent segments
slightly rugged. Measurements: body length 2.5 mm, head height
0.68 mm, width 0.66 mm, eye height 0.43 mm, antennal length
1.2 mm, thorax length 0.7 mm, abdominal length 1.4 mm; fore
wing length 1.8 mm, width 0.73 mm; hind wing length 1.5 mm,
width 0.36 mm.

Remarks. By the structure of ocellar corona and the pre-
served venation, specimen NIGP169597 (Fig. 2F, G) is
undoubtedly assigned to Burmorussidae. However, the
specimen is too poorly preserved to add much to the
description. It almost has the same size as the holotype
of B. mirabilis judging from its fore wing 2.1 mm in
length, but its gender is unknown due to its abdomen

missing. Here we preliminary assign this specimen to
B. mirabilis.

PHYLOGENETIC ANALYSIS

The results of our phylogenetic analysis returned a single
maximal parsimonious tree (Fig. 3) length 183 steps,
CI = 0.4645, HI = 0.5519, RI = 0.7358, RC = 0.3418. The
bootstrap supports for branches retained in the analysis
are shown on Figure 3.

The goal of our analysis is in the positioning Burmorus-
sus within the system of Hymenoptera. Our results do
not necessarily show the true relationships within Sym-
phytan taxa (bootstrap supports 17-29% for the symphy-
tan clades). Clade Orussoidea plus Apocrita forms a good
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FIG. 3. The most parsimonious
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monophyletic group (bootstrap support 85%). Karatavi-
toidea becomes a sister-group to Orussoidea + Apocrita,
but with lower bootstrap support (48%). Orussoidea,
including Orussidae, Paroryssidae and Burmorussidae,
form a monophyletic group (but with bootstrap support
of just 51%), sister to Apocrita s. str. Within Orussoidea,
three groups are distinguishable. Orussidae, including fos-
sil genera Minyorussus and Baltorussus, are strongly sup-
ported as being monophyletic (87% bootstrap support).
On the other hand, Paroryssidae are evidently para-
phyletic to Orussidae (bootstrap support for the clade
including Praeoryssus + Paroryssus + Microryssus is just
20%). However, the clade including Paroryssidae + Orus-
sidae is better supported (74% bootstrap value). Bur-
morussidae  is  placed as  sister group to
Paroryssidae + Orussidae, but only 50% of bootstrap
replicates place Burmorussidae within Orussomorpha.
Another 23% of replicates places Burmorussidae within
Apocrita s. str., and 9% return the monophyly of the
clade Burmorussidae + Orussidae (Orussoidea excluding
Paroryssidae). Other groupings including Burmorussidae
have bootstrap support less than 5%. Based on the results
of the bootstrap analysis we can propose two hypotheses
on the placement of Burmorussidae within Hymenoptera:
within Orussoidea as a sister group to Paroryssi-
dae + Orussidae or outside Orussoidea, as a sister group
to Vespina and Paroryssidae + Orussidae (trichotomy).

The first hypothesis has much more solid support and
seems more preferable.

Rasnitsyn & Zhang’s (2010) Orussomorpha, including
Karatavitidae, Orussidae and Paroryssidae, is demonstra-
bly paraphyletic and is abandoned; this group is here
referred to as basal Vespina.

The key character changes are shown in Figure 4. The
most remarkable features of Burmorussidae in comparison
with other hymenopteran families are discussed below.

DISCUSSION

The crown of backward-pointing teeth around the med-
ian ocellus (ocellar corona) is a remarkable feature speci-
fic to the families Orussidae and Stephanidae (char. 1). In
Orussidae the ocellar corona consists of two rows of quite
numerous teeth (usually three to six pairs) which are usu-
ally widened but not very big (char. 2). In Stephanidae it
is differently organized with less numerous teeth (usually
five), including an unpaired one below the median ocel-
lus. The teeth are comparatively big, conical, and usually
form a regular pentagon around the median ocellus. The
ocellar corona is an adaptation for insects living inside
wood. The teeth cut into the wood and anchor the head
inside the boring gallery. It helps the insect to chew
through the wood (Vilhelmsen & Turrisi 2011).
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FIG. 4. The most parsimonious tree showing the relationships of general families of Hymenoptera. Character state changes are

indicated. Colour online.

There are different structures serving for anchoring the
body inside the boring hole in different groups of wood-
living hymenopterans. Apart from the ocellar corona, the
anchoring structures include transverse ridges on the
notum and sometimes in other parts of the body (Ich-
neumonidae, Rhyssinae; Sepulcidae, Trematothoracinae;
Vilhelmsen & Turrisi 2011; Kopylov & Rasnitsyn 2017),
the dorsal spike (‘horn’) on the last abdominal tergite
and transverse ridges on femora (Siricidae) or the pointed
last abdominal tergite (Xiphydriidae) and parascobal
crests (Pteromalidae, Leptofoeninae; Krogmann & Burks
2009). The same character sometimes occurs in unrelated
groups: notal ridges in Trematothoracinae (Sepulcidae),
Syntexinae (Anaxyelidae), Baissinae (Gasteruptiidae),
Rhyssinae (Ichneumonidae) and Leptofoeninae (Pteroma-
lidae) or head sculptures in Orussidae, Stephanidae, Dod-
difoenus  (Pteromalidae), Andrenelia  (Andreneliidae;
Rasnitsyn & Martinez-Delclos 2000).

Vilhelmsen & Turrisi (2011) supposed that the pres-
ence of an ocellar corona might have evolved in the com-
mon ancestor of Orussoidea and Apocrita, subsequently
becoming lost in derived groups. But the structure of cor-
ona strongly differs in Orussidae and Stephanidae, and
our cladogram shows that the ocellar corona was acquired
independently in Orussidae and Stephanidae. Moreover,
karatavitids (the immediate sister group of Orussoidea
and Apocrita) have no teeth on head (at least we cannot

observe them on impressions). In Burmorussidae the
structure of ocellar corona is very close to that in Orussi-
dae. However, the corona is absent from Paroryssidae, the
sister group to the Orussidae (Fig. 3).

The presence of an ocellar corona in Burmorussus indi-
cates a wood-living lifestyle, which can also be confirmed
by the coarsely sculptured body, the shape of mandibles
(the mandibular tips protruding forwards over the lab-
rum, which is an adaptation for chewing wood; Vilhelm-
sen & Turrisi 2011) and the subgenual vibration sensory
organ which is supposed to be present in this genus (see
below). The interesting peculiarity of the ocellar corona
in Burmorussus is the position of the ventralmost teeth,
which are located well below the median ocellus. In Orus-
sidae, this character varies but the basalmost genera (Bal-
torussus, Orussonia, Orussella) have the ventralmost teeth
at the level of or above the median ocellus; thus this char-
acter state is treated as plesiomorphic for Orussidae (Vil-
helmsen 2003; Vilhelmsen & Zimmermann 2014).

Large eyes (more than 0.6 of head height) are not com-
mon among extant families of basal Vespina. The families
Orussidae, Paroryssidae, Stephanidae, Megalyridae, Trigo-
nalidae, Evaniidae, as well as crown siricines Siricidae and
Xiphydriidae, usually have rather small eyes (less than 0.5
of head height), and only Gasteruptiidae and some Aulaci-
dae break this rule. However, in the most basal Mesozoic
Vespina lineages (Karatavitidae, Ephialtitidae and
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Kuafuidae) eyes are large, and positioned just above the
mandibles. Burmorussus also has large eyes, resembling
more closely Karatavitidae than Orussidae or Paroryssidae
and points to this being the primitive condition for
Orussoidea also (Fig. 3). The size of the eyes apparently
changed a few times during the early evolution of Vespina.

The antennae of Burmorussus are unusual among basal
Vespina in that they are attached high above the clypeus
at the level of mid-height of the eye (char. 4). A lower
position of antennae (at the level of the lower edge of eye)
is characteristic for Xiphydriidae, Orussidae, Kuafuidae,
most Stephanoidea and Evanioidea. The position of the
antennae is generally unclear among Karatavitidae and
Paroryssidae because they are known only from impres-
sion fossils where the position of antennal socket is almost
impossible to locate precisely. However, this character can
be determined in some karatavitids: Praeratavites dao-
hugou, Praeparyssites orientalis, Postxiphydria daohugouen-
sis, P. ningchengensis (Rasnitsyn et al. 2006; Rasnitsyn &
Zhang 2010) and one paroryssid: Microryssus minus (Ras-
nitsyn 1968); all their antennae are attached low.

Antennal grooves are lacking in Burmorussus. Running
downward or upward of antennal bases, these grooves are
used for protecting fragile antennae while moving
through boring galleries. The structure is common in
many wood-living hymenopteran groups, such as Sirici-
dae, Orussidae, Evanioidea and Megalyridae, but is absent
from some other wood-living families (Xiphydriidae, Ste-
phanidae) (Vilhelmsen & Turrisi 2011). In Burmorussus
the scape is long and robust, slightly curved and ornately
profiled. It fits neatly into a furrow formed by the promi-
nent eye and raised frons with the ocellar corona. We
suspect that in Burmorussus this furrow served the same
purpose as an antennal groove.

A very long scape and a 12-segmented flagellum in
Burmorussus make the antenna slightly geniculate. That
number of flagellomeres (chars 5, 6, 7) is unique within
basal Vespina (Orussomorpha sensu Rasnitsyn & Zhang
(2010)). Males of Karatavitidae and Paroryssidae have
more polymerous antennae (more than 20 flagellomeres
in Karatavitidae and more than 14 in Paroryssidae).
Orussidae, however, have fewer segments in their flagel-
lum. Extant orussids have nine flagellomeres in males and
eight in females. Fossil orussid males (Cretaceous Miny-
orussus Basibuyuk et al., 2000 and Eocene Baltorussus
Schedl, 2011) also have nine flagellomeres, while female
Mesorussus Rasnitsyn, 1977 from the Upper Cretaceous
have ten flagellomeres (Vilhelmsen 2004). The long scape
of Burmorussus is also a remarkable feature. Extant orus-
sids sometimes have long scapes, but never as long as in
Burmorussus. The scape in karatavitids and paroryssids is
not enlarged.

All legs of Burmorussus have a prominent lanceolate
lobe on the 3rd tarsomere (distal flange), formed with a

cuticular outgrowth and not bearing long setae. A similar
structure is known from Orussidae and Stephanidae, and
serves as a part of a vibration analyser (Vilhelmsen et al.
2001, 2008; Vilhelmsen & Turrisi 2011). This system is
crucial for insects to search for hidden hosts. In Orussi-
dae, fore tarsomeres 1-3 in females are fused into one big
basitarsomere with a prominent soft tip which is
adpressed to the substrate when searching for hosts. It
perceives vibrations and conducts them to the enlarged
subgenual organ located inside the swollen fore tibia, and
the subgenual organ containing several hundred sensory
units subsequently transforms the vibrations into nerve
impulses. The legs in males are not modified for vibration
sensing in Orussidae: the fore tibiae are not swollen and
the fore tarsus consists of five segments without a soft tip
(Vilhelmsen et al. 2001). In Stephanidae, females have the
vibration analyser in hind legs. Hind tarsomeres 1-3 in dif-
ferent species may be fused or not, and the ‘gramophone
needle’ is formed by the distal flange of tarsomere 4. The
subgenual organ is developed in hind legs (in females and
males), while the distal flanges of tarsomere 4 is developed
in all legs. In females the distal flanges usually bear dense
brushes of setae, while in males they are usually bald (Vil-
helmsen et al. 2008). In Burmorussus the vibration analyser
differs from that in Orussidae and Stephanidae. The lance-
olate lobe in all legs of Burmorussus resembles in shape the
distal flange of Stephanidae and lacks long setae, which is
natural to stephanid males. On the other hand, these
flanges are formed with 3rd tarsomeres, while 4th tar-
someres are tiny and have no processes. The hind tibia of
Burmorussus is swollen (4x as wide as the first tarsomere
and 2x as wide as the mid tibia) and slightly narrowed
apically, which would be odd if the body support is the
only function of the tibia. Such an obvious disproportion
between the tarsal and tibial widths is unlikely to have
been caused by locomotion. It is apparent that an enlarged
subgenual organ is present inside the hind leg. A swollen
hind tibia can also be observed in some Paroryssidae
(Microryssus crassipes, M. robustus) and its shape may also
indicate a subgenual organ inside the hind tibia.

The antennae of female Orussidae are robust with the
last flagellomeres transformed into strongly sclerotized
‘mallets’, which are used for producing sound waves inside
wood. Therefore, the vibration reception system may func-
tion in two modes: as a ‘passive sonar’, registering sounds
emitted by the host, or as an ‘active sonar’, registering
reflected sound waves. The first mode allows the location
of sounds emitted by hosts and the second mode allows the
location of boring galleries inside the tree. The first mode is
possibly used by stephanids while the second is characteris-
tic for orussids (Vilhelmsen et al. 2001, 2008). The anten-
nal ‘mallets’ and swollen tibiae are developed only in
female orussids. Males keep apart from host-seeking activi-
ties and therefore their antennae and legs are not modified



for the vibration sense. Unfortunately, Burmorussus is only
known from a male which has slender antennae with the
rounded tip not modified for tapping. The method of host
location of this wasp remains unknown until we find a
female specimen of Burmorussidae.

The postepisternum of middle and hind thoracic seg-
ments forms a pair of elongate processes between the
mesocoxae and metacoxae (char. 15) in Burmorussus (for
a more detailed discussion of this character see: Rasnitsyn
1980; Johnson 1988; Rasnitsyn & Zhang 2010). Some
Recent orussids (Chalinus) have an enlarged postepister-
num, but it is never as long as in Burmorussus.
Although an elongated postepisternum is characteristic
for Evanioidea, Ceraphronoidea, Megalyridae, Trigonali-
dae and Stephanidae, these taxa are only distantly related
to Orussoidea (Fig. 3) and our phylogenetic analysis sug-
gests independent development of this character in
Burmorussus.

The fore wing fixation apparatus in Hymenoptera con-
sists of cenchri (paired rugged surfaces on the meta-
notum) and the rough area within a loop on 2A vein in
the fore wing (char. 14). The structure is characteristic
for all Siricina (except Cephidae) and basal Vespina (ex-
cept Karatavites) and is lost in Apocrita (Rasnitsyn &
Zhang 2010). Burmorussus losing the wing fixation appa-
ratus is evidently a homoplasy with the other above-men-
tioned taxa.

Rasnitsyn (1969, 1980) proposed the hypothesis that
Orussoidea ancestors have undergone a considerable size
reduction at some point in their early evolutionary his-
tory. Vilhelmsen (2004) conducted a detailed study on
size evolution of Orussoidea but did not succeed in deci-
sively proving or refuting this hypothesis. Burmorussus
mirabilis has a body length of 2.5 mm, being one of the
tiniest representatives of ‘Orussomorpha’. We realize that
Burmorussus is not a direct ancestor but a sister group to
Orussidae + Paroryssidae, so its tiny body size cannot
prove the hypothesis positively. However, the small body
size of the representative of the closest sister group can be
regarded as an indirect proof of the size reduction
hypothesis.
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