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Abstract

A new genus of ants, Zigrasimecia Barden and Grimaldi, is described for a new and uniquely specialized species, Z. ton-
sora Barden and Grimaldi n.sp., preserved in Cretaceous amber from Myanmar. The amber is radiometrically dated at 99
myo. Zigrasimecia is closely related to another basal genus of ants known only in Burmese and French Cretaceous amber,
Sphecomyrmodes Engel and Grimaldi, based in part on the shared possession of a comb of pegs on the clypeal margin, as
well as mandible structure. Highly specialized features of Zigrasimecia include extensive development of the clypeal
comb, a thick brush of setae on the oral surface of the mandibles and on the labrum, and a head that is broad, flattened,
and which bears a crown of blackened, rugose cuticle. Mouthparts are hypothesized to have functioned in a unique man-
ner, showing no clear signs of dentition representative of “chewing” or otherwise processing solid food. Although all ants
in Burmese amber are basal, stem-group taxa, there is an unexpected diversity of mouthpart morphologies and probable
feeding modes.
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Introduction

Among the nearly 13000 species of described ants are a handful of rare and enigmatic taxa from the Cretaceous.
While molecular-clock dating analyses suggest that crown-group ants diverged from their wasp-like ancestors
between 115-135 (Brady et al. 2006) and 140-168 million years ago (Moreau et al. 2006), the oldest definitive ant
fossils are approximately 100 myo, despite humerous older insect-yielding deposits (Nel et al. 2004). In amber
deposits where ants are found, formicid inclusions from the Upper Cretaceous comprise between <1 and 3% of the
total number of individual insects (LaPolla et al. 2013), a palpable contrast to much younger Miocene deposits
where ant prevalence is as high as 24-36% (Grimaldi and Engel 2005; Dlussky and Rasnitsyn 2007). While
younger amber deposits typically contain species that are readily placed in extant lineages (Dlussky and Rasnitsyn
2003), only one species of crown-group ant (a formicine) has been definitively identified before the Campanian
(Grimaldi and Agosti 2000). The rest of the, proposed stem-group, Cretaceous taxa possess an array of unique
morphologies that renders them unrecognizable with regard to modern groups and their relationship to living
species is poorly explored. Ants from the Upper Cretaceous therefore act as valuable portholes, providing
otherwise unknowable details at a critical time in the history of these small insects that now dominate terrestrial
environments across the world.

Fossil ants are typically identified on the basis of key diagnostic characters such as the metapleural gland,
petiole, and an enlarged antennal scape. While the possession of one individual character does not imply that the
insect in question is indeed a member of crown-group or stem-group ants, different combinations of the presence
and absence among these characters have been the basis for taxonomic assignment. The metapleural gland, visible
as a small opening on the posterior region of the mesosoma, is now known to function as a form of toxic defense
and sanitation (Yek and Mueller 2011). Although it has been lost in many extant species, it is not present in any
other groups of insects, and therefore is probably the most reliable defining character of ants. The vast majority of
Cretaceous ants have been placed in the extinct subfamily Sphecomyrminae, their placement owing largely to this
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gland. Sphecomyrmine ants possess a metapleural gland, along with a petiole, but not the characteristic “elbowed
antennae” that modern ants exhibit and so this subfamily is widely recognized as a stem-group of all other
Formicidae (e.g., Ward 2007). Sphecomyrminae currently contains 8 genera and 15 species (LaPolla et al. 2013),
and, while there is no phylogenetic evidence to suggest the subfamily is monophyletic, one analysis has shown it
may be a member of the group that is sister to all modern ants (Grimaldi et al. 1997).

Burmese amber is dated at ~99 mya (Shi et al. 2012) and, along with slightly older Charentese amber from
France (Nel et al. 2004), is one of the two oldest ant-yielding ambers. Inclusions from Myanmar have, however,
provided unique insight into ant evolution in the form of six highly disparate species (Table 1). At present, the
authors are aware of over 30 unstudied specimens from this deposit. Each clearly preserved specimen from
Burmese amber has been placed within the Sphecomyrminae, with two presently incertae sedis species. Among
these taxa are three species, each within the genus Haidomyrmex, that possess dramatic, scythe-shaped mandibles,
which presumably acted in a trap-jaw fashion (Dlussky 1996; Barden and Grimaldi 2012). In addition, ants with
similar mandibular shape are known from French Charentese amber (Perrichot et al. 2008) and Campanian-aged
amber from western Canada (McKellar et al. 2013), demonstrating that specialized feeding morphologies were
widespread during this time period—presumably a result of adaptive success. Here, we present yet another ant
specimen with cranial morphology not before seen in any ant species, living or extinct.

TABLE 1. Summary of all ants described from Burmese amber.

Species Subfamily Caste Salient Details
Burmomyrma rossi Incertae sedis: Alate female No head, not possible to identify with other
possible Aneuretinae sphecomyrmine ants (Dlussky 1996)
or Sphecomyrminae
Haidomyrmex cerberus Sphecomyrminae Wingless female  Probable trapjaw-ant, curved mandibles, setae
coated clypeus (Dlussky 1996)
Haidomyrmex scimitarus Sphecomyrminae Dealate female Similar to H. cerberus, larger, parallel mandibles
(Barden and Grimaldi 2012)
Haidomyrmex zigrasi Sphecomyrminae Wingless female  Similar to H. cerberus, mandibles parallel at tips
(Barden and Grimaldi 2012)
Myanmyrma gracilis Incertae sedis: Wingless female  Gracile bodyform. Long pincher-like mandibles,
possible ponerine incised clypeus with clypeal spicules (Engel and
Grimaldi 2005)
Sohecomyrmodes orientalis ~ Sphecomyrminae Wingless female  Most similar in form and mandible structure to

modern ants. Clypeus possess spicules (Engel
and Grimaldi 2005)

Methods and materials

The unique specimen is in Burmese amber, which derives from the northern state of Kachin, specifically 100 km
west of the town of Myitkyina (Grimaldi et al., 2002). Samples of amber matrix from these outcrops were
radiometrically dated at 99 myo, using U-Pb isotopes (Shi et al., 2012). This places the age of the deposit very
close to the Aptian-Cenomanian boundary, which is also the boundary of the Early and Late Cretaceous. The amber
piece containing the ant was originally a large (20 x 40 mm), drop-shaped piece, which was trimmed and ground to
6 x 7 x 4 mm to maximize close views of the lateral and dorsal surfaces of the body and a frontal view of the head.
Trimming used a water-fed, diamond-edged trim saw (4 in diameter, 1 mm thickness); grinding and polishing used
a series of decreasing grits (400, 600, 800, 1200, 2400) of emory papers on a water-fed lapidary wheel. For
observation the small cube of amber was pressed lightly into a small piece of dental wax affixed to a microscope
slide, and oriented in various positions to maximize views of various structures. Lighting used transmitted and
reflected fiber optic illumination; examination, measurement, and drawing (with drawing tubes) was done with a
Leitz Wetzlar and Wild M-1 stereoscope and a Wild compound scope.
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Systematics
Zigrasmecia Barden And Grimaldi, new genus

Diagnosis, gyne: Based on unique dealate specimen. Similar to Sphecomyrmodes based on structure of the
mandible (with only two large teeth: one apical, one subapical); ocelli large, scape very short (slightly less than
twice the length of pedicel), 12 antennomeres, eyes relatively small, and clypeal margin with row of peg-like
denticles. Differs from Sphecomyrmodes by the flattened, broad head with irregular posterodorsal margin; very
broad, concave clypeal margin with many more (ca. 30) denticles, plus two shorter rows of denticles ventrally;
mandibles about half the length, with dense brush of spicule-like setae on oral surface; setae-coated labrum;
presence of raised toruli and shallow lateral antennal scrobes; vertex of head with pair of oval, melanized, rugose
patches.

Type species. Z. tonsora, new Species.

Etymology. Patronym, for Mr. James Zigras, and —mecia, a common suffix for ant genera. In acknowledgment
of Mr. Zigras’ generosity in loaning this and many other rare and scientifically valuable specimens from his
collection of Burmese amber.

Zigrasmecia tonsora, Barden and Grimaldi, new species
Figs. 1-2

Diagnosis, gyne: As for genus.

Description. All numbers in millimeters (mm). HEAD: Broad and flattened; head depth (length) (vertex to
clypeal margin, excluding clypeal denticles) 0.66; head width (excluding eyes) 0.76 (1.38x that of mesosoma);
distance between inner margins of eyes 0.65, greatest thickness (dorsoventrally) 0.52. Apparently prognathous,
with cervical connection near vertex of head. Occipital (posterodorsal) margin of head irregular in dorsal view,
slightly emarginate. Postocciput concave. Eyes small, protruding, slightly drop-shaped in lateral view (posterior
end narrowed); length 0.21, greatest width 0.13, located on posterior half of head. Ocelli large, diameter 0.06.
Vertex with pair of oval-shaped, melanized patches of rugose cuticle. Dorsofrontal portion of head with very fine,
sparse setulae. Gena protruding, with apex narrow and extended well past level of clypeal denticles. Frons with
dorsoventral portion having very shallow V-shaped groove that meets medially and extends over antennal bases.
Frontal carinae absent. Base of antenna obscured by protruding toruli; antennal bases projected laterad from
underneath toruli; distance between inner margins of antennae 0.25 (1/3 width of head). Very shallow antennal
scrobes present projecting outward laterally from bases of antennae to ventral margin of eyes. Antenna with 12
antennomeres (10 flagellomeres); scape very short, 0.22 length; pedicel 0.13; flagellomeres 1-X: 0.17, 0.14, 0.095,
0.095, 0.10, 0.10, 0.09, 0.08, 0.085, 0.14, respectively. Total length of antenna 1.42. Clypeus shallow, length
(depth) 0.10 (excluding denticles); broad, distance between lateral-most denticles 0.44; significantly concave in
shape (vs. straight). Oral margin of clypeus entirely lined with row of 30 denticles; denticles peg-shaped, with
rounded apices, lengths ca. 4x the width. Ventral to row of clypeal margin denticles are two shorter rows of
denticles, with approximately 15 denticles in each row. Mandibles short, barely overlapping medially, approximate
length 0.345; dentition very simple, with one large apical tooth and large subapical tooth, masticatory margin
otherwise devoid of teeth; outside surface of mandible slightly concave; oral surface of mandible with dense brush
of stiff, sharp, spicule-like setae. Labrum coated in numerous setae, longer and more narrow than those found on
clypeus. Palps short; maxillary palp with 5 segments, total length 0.23 (labial palp mostly obscured).

MESOSOMA: Depth (greatest dorso-ventral distance) 0.60, length (including neck) 1.40; greatest width of
mesosoma 0.55;. With sparse, very fine, erect setae on dorsal surfaces (setae slightly recurved on propodeum).
Neck long, nearly ¥ the length of true thorax (i.e., mesosoma not including propodeum). Two incomplete, V-
shaped sulci present on dorsomedial portion of pronotum. Promesonotal suture complete, extremely well
developed. Mesoscutum and mesoscutellum fully demarcated by sulcus; scutellum nearly ¥ length of scutum
(length of mesoscutum 0.44, mesoscutellum 0.23); dorsal surface of scutellum with pair of deep, rectangular
foveae close to median line. Dorsellum well developed, visible dorsally, with pair of shallow foveae dorsolaterally.
Laterally: pronotum well developed, without foveae and very few setae; mesopleuron fully separated from the rest
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FIGURE 1. Zigrasimecia tonsora photomicrographs. (A) Lateral view of entire specimen. (B) Close-up image of
mesosoma. (C) Enlarged view of clypeal and mandibular structures. (D) Right lateral view of Head. (E) Alternate left
lateral view of head.
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FIGURE 2. Drawings of holotype of Zigrasimecia tonsora, as preserved. (A) Head, mesosoma, and petiole, right lateral
view. (B) Head and mesosoma, dorsal view. (C) Head, frontal view.

of the mesosoma by complete sulci, dorsally bearing C-shaped series of grooves and foveae. Propodeum deep,
(depth 0.40); greatest [oblique] length 0.55; declivity steep (in lateral view ca. 65° from horizontal); propodeal
spiracle slit-like, facing posteriad, situated on raised base; posterior margin of propodeum shelf-like, with median
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emargination. Metapleural gland opening large, crescent-shaped; metapleural bulla well developed,
hemicylindrical. Petiole deep (depth 0.40), lateral thickness ca. 0.15 [difficult to observe — petiole appears
adpressed to anterior wall of metasoma, but most of metasoma obscured by layer of air). Legs: Trochantellus
present on all legs, very well separated from trochanter and femur on meso- and metathoracic legs. Claws with
large, subapical tooth on ventral margin.

METASOMA: Mostly obscured, apparently large; sting present [best seen ventrally in view from front].

Type: Holotype, JZC Bu-159, dealate female. Myanmar: Kachin State, near Myitkyina, formed near the
Aptian-Cenomanian (Early Cretaceous — Late Cretaceous) boundary (Shi et al., 2012). In James Zigras Collection,
available for study through the American Museum of Natural History. The ant is preserved in relatively clear, deep
yellow amber; the metasoma is encased within a bubble that obscures most of it.

Etymology. “barber-mouthed,” based on tonsor, barber, hairdresser (L., masculine); and oris, mouth (L.); in
reference to the mouthparts bearing combs and brushes.

Discussion

The relationship between fossil stem-group ants and their modern counterparts has never been robustly tested in a
phylogenetic context outside of limited datasets (Grimaldi et al. 1997) and usage as outgroup taxa (Ward and Brady
2003). A recent morphological study has provided insight into the mouthparts of basal extant ants (Keller 2011),
and, while this is a valuable resource, placing Cretaceous taxa remains a difficult process. Still, it is possible to
attempt to place Zigrasimecia tonsora using key synapomorphies: specifically the metapleural gland, scape length,
and petiole are as in Bolton’s (2003) diagnosis for the subfamily Sphecomyrminae. While Z. tonsora exhibits a
number of autapomorphies not seen in other ants, such as mandibular structure and mesosomal sculpturing, this
subfamily placement most closely reflects the morphology of the described animal at present. It should be noted
that the status of the subfamily Sphecomyrminae has been evaluated using phylogenetic methodology only once
(Grimaldi et al. 1997), and therefore it is possible that the subfamily may not in fact be monophyletic. Further,
without a clear consensus on what synapomophy or combination thereof (i.e. metapleural gland + petiole,
elongated scape + petiole, etc) differentiates stem-group and crown-group ants, distinction between the two may
become confused. The authors suggest any aculeate possessing a metapleural gland and petiole is an ant however,
the metapleural gland has been lost in some highly subordinate taxa.

Some apomorphic characters indicate that Z. tonsora has a close relationship with the extinct genera
Sohecomyrmodes (Engel and Grimaldi 2005; Perrichot et al. 2008) and Gerontoformica (Nel et al. 2004). Perhaps
the most significant character is the presence of peg-like setae around the oral cavity. Indeed S. orientalis Engel and
Grimaldi, S occidentalis Perrichot et al., and G cretacica Nel et al. each possess a single row of stout setae along
the entire anterior margin of the clypeus. While Z. tonsora exhibits two additional rows of these setae, the
structures are not seen in any other described Cretaceous ants. Along with clypeal pegs, G cretacica also possesses
teeth-like setae on the labrum and, although the Z. tonsora labral setae are more tapered and hair-like, the similarity
is noteworthy. In addition, S. occidentalis from French amber and Z. tonsora possess ocelli that are similar in form
and position. Ocelli are not present in G cretacica and not known from S orientalis because the dorsal region of
the head is obscured. While there are similarities between Z. tonsora, the two members of Sphecomyrmodes, and
Gerontoformica, it is highly unlikely that they are different castes of the same species, Z. tonsora being a dealate
female. The mandibular structure, coronal rugosity, and mesosomal sculpturing is significantly different (and gynes
actually tend to be similar, if not less specialized compared to workers). At least in the case of Haidomyrmodes
mammathus from Cretaceous French amber (Perrichot et al. 2008), worker and dealate castes are morphologically
very similar.

The unique morphology of Z. tonsora is certainly perplexing and likely is representative of habits that are not
seen in modern ants. The prognathous but apparently highly movable head (Fig 1.B. evidenced by the elongate,
necklike pronotum) suggests that head mobility was important, perhaps related to feeding behavior. Another
possibility is that the rugose projections (Figs 1A-B, Fig 2 E) on the head may have aided in nest excavation, as the
very specialized setae-coated mandibles likely would have prohibited those efforts. There is no evidence for
nesting behavior in Cretaceous ants, however it would be plausible that a dealate queen would need a means for
creating a nest, alternative explanations are evasive.
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The mandibles themselves possess almost no fine dentition but are covered in stiff, sharp setae of variable
length. It seems possible that this extensive setose covering is likely to have functioned in conjunction with the
setae present elsewhere around the oral cavity. Both the clypeus and labrum are uniformly covered with short peg-
like setal projections and longer, sharper setae, respectively. Similar structures are found on the labrum of ants in
the genera Apomyrma (Brown et al. 1971) and Opomyrma (Yamane et al. 2008) and clypeus of some members of
the genera Amblyopone, Adetomyrma, Sigmatomma, and Martialis (Rabeling et al. 2008; Ward 1994; Yoshimura
and Fisher 2012; www.antweb.org). It is interesting to note that numerous basal taxa exhibit these setae patterns,
some along with a prognathous head shape. This convergence may be an indication that these morphologies are of
particular importance to early ant evolution and intensive study of extant setae function may provide insight into
how Cretaceous ants utilized these unique structures.

In extant formicids, the function of oral setae is not entirely clear, other than the long sensory trigger hairs
found in trapjaw ants such as Odontomachus and Anochetus. In Z. tonsora, these structures are unlikely to have
acted as trigger-hairs as they are much shorter and stout, perhaps indicating a use more in line with mechanical
interaction with food items. There are ants today that feed on honeydew or hemolymph (Hélldobler and Wilson
1990; Saux et al. 2004). Perhaps the hydrophobic nature of some insect setae may have allowed for the
manipulation of liquid food items such as these. Another possibility is that the unification of mandibles with the
clypeal and labral setae would have acted as kind of trap for tiny arthropods such as mites or small flies.

It is difficult to comment on functional morphology beyond the realm of speculation, however it is clear that
the cranial morphology of Z. tonsora is highly specialized. This new specimen echoes a surprising theme among
Cretaceous ants: feeding behaviors were very diverse, and produced morphologies unlike those found in modern
day insects. The present discovery marks an additional ant with mouthparts unlike those found in extant species,
adding to those found in Burmese, French, New Jersey, and Canadian amber deposits. The gradual unearthing of
these unique morphologies underscores the need for a robust phylogenetic analysis that accounts for all ant
diversity, present and past.
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