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Larvae of trap-jaw ants, Odontomachus LATREILLE, 1804 (Hymenoptera: Formicidae):
morphology and biological notes
Eduardo G. P. FOX, Adrian A. SMITH, Joshua C. GIBSON & Daniel R. SOLIS
Abstract
This study aims to contribute to the neglected topic of larval biology in ants. The number of larval instars for three different species of trap-jaw ants, Odontomachus meinerti FOREL, 1905, Odontomachus bauri EMERY, 1892, and Odontomachus
brunneus (P ATTON, 1894) was estimated to three based on the maximum width frequency distributions of head capsules from worker and male larvae. The obtained number of larval instars was smaller than from a previous report with
another species in the genus, indicating possible interspecific variation. Larvae of different sexes and instars among the
three different species were generally identical, differing merely by relative dimensions and patterns of hair distribution.
Dorsal "doorknob" protuberances were recorded for the first time in the genus, and observed being used to fix larvae onto
nest walls. From observing several individuals, we suggest the ornamentation of spiracle peritremes and the types of body
protuberances are useful characters for larval taxonomy within this group. Moreover, a few individuals were found possessing anomalous structures which are reminiscent of characters from related taxa. Finally, some brief observations
are made on an unidentified parasite found inside some mature larvae of O. bauri.
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Introduction
Excluding the poles and a few Pacific islands, ants can be
found across all terrestrial habitats wherein they typically
play central ecological roles at multiple trophic levels (HÖLLDOBLER & WILSON 1990). In the context of their nutritional adaptations and social plasticity, ant larvae usually
play a key role inside the colony as "social stomachs" as
they store, interconnect, and passively distribute nutrients
to nestmates (HÖLLDOBLER & WILSON 1990). Whilst the
outstanding diversity and ecological dominance of ants has
attracted a great deal of attention from scientists and the
general public, the larval phases of ants are typically unknown and unstudied; this is illustrated by the tiny fraction (0.4%, ca. 64) of total ant species which have had
their larval stages described in any detail (see a tentative
list in SOLIS & al. 2010a; estimated total number of ant
species based on ANTWEB 2016).
Ants in the genus Odontomachus LATREILLE, 1804 (67
described species) are relatively large and common ants
from the tropics and subtropics that possess elongate springloaded mandibles used to capture prey or initiate escape
jumps (DEYRUP & al. 1985, LARABEE & SUAREZ 2014,

ANTWEB 2016). Odontomachus colonies vary in worker
number from less than a hundred to several hundred, while
queens can be quite numerous depending on the species
(e.g., more than 80 reported by ITO & al. 1996). For Odontomachus, detailed morphological studies on larvae are available only for the following species: Odontomachus haematodus (LINNAEUS, 1758), Odontomachus simillimus SMITH,
1858 by WHEELER & WHEELER (1952, 1964, 1980), and
Odontomachus clarus (ROGER, 1861) by PETRALIA & VINSON (1979). Some additional biological notes on Odontomachus larvae are given by COLOMBEL (1971, 1974, 1978)
(on larval instars, artificial rearing, and the production of
gynes), WHEELER (1918) (briefly on larval feeding), HART
& TSCHINKEL (2012) (on seasonal brood production), and
BOTTCHER & OLIVEIRA (2014) (briefly on larval nutrition).
Therefore, the present study is part of a recent effort to
expand available information on ant larvae. Larval morphology of three species – Odontomachus bauri (EMERY,
1892), Odontomachus brunneus (PATTON, 1894), and Odontomachus meinerti (FOREL, 1905) – was evaluated using
light and scanning electron microscopy. Intraspecific varia-

tions are reported from comparing a large number of specimens (> 20 for each species), including unprecedented
aberrations. Observations of larvae inside laboratory cultures of live colonies are also presented and discussed,
given the paucity of published information for this genus.
Material and methods
Sample collection: Worker larvae. Nest fragments of Odontomachus meinerti and O. bauri were obtained from the
urban municipality of Rio de Janeiro, Rio de Janeiro, Brazil, with further specimens of O. bauri collected from a
single nest in the campus of Joint Research Unit Ecology
of Guianan Forests (EcoFoG) in Kourou, French Guiana.
Obtained specimens were fixed and stored in 70% ethanol.
A total of nine whole queenright colonies of O. brunneus
were collected from the following Florida, United States
populations: MacArthur Agro-ecology Research Centre
in Lake Placid, Apalachicola National Forest in Tallahassee, and Pine Jog Environmental Education Centre in West
Palm Beach. These colonies were queenright and out of
the reproductive phase given the total absence of alates,
either as pupae or adults. Queenright ant colonies out of
the reproductive phase are expected to produce almost exclusively worker brood (HÖLLDOBLER & WILSON 1990).
Moreover, according with COLOMBEL (1971, 1978) there
is strong inhibition upon the production of gynes in the
presence of the queen, where "the aptitude of larvae to
become winged females is totally inhibited (...)" (COLOMBEL 1978). Colombel remarked obtaining gynes was quite
hard, reporting ca. 1% success in artificial rearing and a
feeble 15% under ideal conditions with orphaned colonies. On top of that, the presence of reproductive brood is
deemed obvious as the larva mature, given reproductive
prepupae and pupae acquire a characteristic morphology.
Therefore, as our small colonies contained only even-sized
brood (size ranges given in Tables S1 - S6 as digital supplementary material to this article, at the journal's web
pages), we assumed to have collected only worker larvae
within a safe margin.
The colonies were housed inside fluon-painted plastic
trays to allow for production of younger brood, where
they were provided with 10% sugar water solution and
either Tenebrio molitor (LINNAEUS, 1758) larvae or frozen
Acheta domestica (LINNAEUS, 1758) late instar nymphs and
adults once every two days. Voucher specimens of the
adult ants were deposited to Museu Paraense Emilio Goeldi
/ MTCI, Universidade de Mogi das Cruzes / UMC, and
University of Texas at El Paso / UTEP; vouchers for Odontomachus brunneus are deposited to Andy Suarez's voucher
collection at University of Illinois.
To ensure the production of males one queenless nest
of Odontomachus meinerti was established, and one nest
of O. bauri with one virgin gyne; any previously produced brood were removed from the nest. The nests were
obtained from the municipality of Rio Claro, São Paulo,
Brazil and kept in controlled laboratory conditions of 23
- 27 ºC and relative humidity 50 - 70%, fed with larvae of
Tenebrio molitor and Zophobas sp., and adults of Gryllus
sp. and 25% water sugar solution. Odontomachus spp.
workers can lay haploid eggs that exclusively develop into
males (HÖLLDOBLER & WILSON 1990), which were used
for sex-specific larval descriptions. Additionally, fourteen
queenless O. brunneus colonies were collected from the
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above listed Florida populations and established in the laboratory without brood. Worker-laid male larvae were obtained from these colonies which were kept under controlled lab conditions of 27 ºC and relative humidity 40 50%, held in plastic Petri dish nest chambers with moistened dental plaster substrate. Obtained specimens were
all stored directly in 70% ethanol.
Larval instars: The number of larval instars was primarily estimated following the principle of Dyar's rule as
discussed in PARRA & HADDAD (1989) and adapted by
SOLIS & al. (2010a), as follows: "The maximum head widths
of the larvae were measured […] and plotted in a frequency distribution graph, wherein every distinct peak was
considered to correspond to a different larval instar; the
obtained number of larval instars was then tested against
Dyar's rule."
For Odontomachus meinerti workers we had sufficient
samples to allow for bracketing growth limits, as described
by SOLIS & al. (2010a): "The first larval instar and the
last larval instar can be explicitly identified and used as
reference to bracket others. First instar larvae are equivalent to the mature embryo, which can be measured inside
the egg through transparency, and last instar larvae have
the developing pupa showing from within (also termed
"prepupae")." Prepupae can be removed from cocoons to
confirm measurements from last larval instars. Because of
reduced sample size, the same limits could not be reliably established for O. bauri, for which the few embryos
obtained were used for light microscopy (i.e., head width
is altered) and the few cocoons carried only fully-formed
pupae. For these species all measurements were taken from
fixed larvae as in SOLIS & al. (2010a).
For Odontomachus brunneus, given the samples originated from > 20 small colonies, the individuals were measured with special care to always pair up obtained head
width measurements with body lengths. Measurements
were taken in another lab using digital pictures of live specimens, which facilitated coupling data. This complementary information was expected to support histograms as
the resulting peaks might not be clear due to variation between colonies. By scatterploting individuals based on
head width against body length, the data points will cluster
and allow for Kernel density analysis in order to obtain
peaks independent of personal assessment, contrary to what
is usually done in other studies. This new method combines ideas from CHEN & SEYBOLD (2013) and ALVARADO & al. (2015). The plot and Kernel density analysis
were plotted in R (R Core Team 2016; v. 3.3.2) using the
following basic parameters (complete script available from
FOX & al. 2017):
> plot(x, y, ylim = c(0,7)) # where x is head width and y
is body length
> lines(density(x, bw = "nrd0", adjust = 0.5))
Due to practical reasons (local method of image acquisition, and to avoid killing embryos) with Odontomachus
brunneus, only prepupae could be bracketed.
Brood description: Prior to light microscopy analysis, samples were made transparent with hot KOH 10%
(dipped ca. 20 min at 94 °C) and mounted on glass slides
in a droplet of glycerine. For scanning electron microscopy,
the same procedures described in SOLIS & al. (2010b) were
applied: specimens were dehydrated through a graded series of ethanol and critical-point dried to be mounted on

aluminium stubs, then gold-sputtered for observation in
high vacuum conditions.
Terminology used for descriptions herein follows mostly WHEELER & WHEELER (1976) with adaptations as in
SOLIS & al. (2009). The following abbreviations are employed in Tables S1 - S6: (BL) body length; (BLS) body
length through spiracles; (BW) medial width of body;
(LBH) length of body hairs; (LPH) length of protuberance hairs; (HCP) height of conical protuberance; (WCP)
width of conical protuberance; (HDP) height of dorsal
protuberance; (WDP) width at base of dorsal protuberance;
(DS) diameter of spiracles; (HW) head width; (LHH) length
of head hairs; (AD) antennal diameter, (LL) length of
labrum, (LHL) length of hairs on labrum; (ML) mandible
length; (MW) mandible width; (LM) length of maxilla;
(HMP) height of maxillary palp; (LHM) length of hairs
on maxilla; (LLA) length of labium; (LHLA) length of hairs
on labium; (HG) height of galea; (HLP) height of labial
palp; (HPP) height of pseudo palp.
Wherever the number (N) of analysed specimens was
≥ 10, data are given as mean ± standard deviation (SD)
with minimum and maximum interval values. Wherever
analysed specimens had N < 10 the median, minimum
and maximum values are given. When comparing male
vs. female dimensions, Student's t-test was employed (with
significant differences values of p < 0.05). All raw data are
provided in FOX & al. (2017).
The general larval description was based on Odontomachus bauri and O. meinerti thus the given % frequency of individual variation are given for those species
only. The species O. brunneus was then obtained, and later
observed to match the textual description as given. All
obtained images from specimens are provided in FOX &
al. (2017).
Biological observations: Observations were made
through culturing live lab colonies and inspecting the fixed
samples. The obtained images for Odontomachus brunneus
are given in FOX & al. (2017). Observations included the
larval use of body protuberances and a parasitic association detected from some fixed O. bauri larvae.
Results
Larval instars
The frequency distribution of the head capsule widths of
both male and worker larvae of all three species strongly
suggest the existence of three larval instars (see Fig. 1,
Tabs. S1 - S6). Furthermore, following PARRA & HADDAD
(1989) it was observed that the growth rate of Odontomachus meinerti for three larval instars fits in with Dyar's
rule based on the head widths of workers (R2 = 0.81): The
mean head growth rate between instars was 1.35 (1st - 2nd
rate: 1.42 and 2nd - 3rd: 1.28). Similar limits are observed
for the other analysed species (compare Figs. 1A - F), in
spite of sampling limitations.
Brood description
Eggs: Semi-transparent, smooth and oval as typically found
in other ants; length:width ca. 3:1 (Fig. S1).
Larvae: B o d y . Body shape (Figs. 2B, C, D) "pogonomyrmecoid" defined by WHEELER & WHEELER (1976)
as: "diameter greatest near middle of abdomen, decreasing
gradually toward head and more rapidly toward posterior
end, which is rounded; thorax more slender than abdomen

and forming a neck, which is curved ventrally"; with head
capsule prominent and greater relative to body size (Fig. 2).
Body segmentation visible, including three thoracic and
ten abdominal segments. Body color grayish beige; yet
markedly darker at midgut area, getting noticeably darker
with every passing instar, while prepupae are all white
with head capsule slightly more yellowish than the rest of
body, with mouthparts lightly sclerotized and visible by
naked eye. Body armed with protuberances of the following types (definitions in W HEELER & W HEELER 1976).
(I) "frustum with spire" (Figs. 2B - E, 3A) numbering four
to eight on the dorsum and sides of each segment excepting the last, which always has two (totalling about 55 - 70);
protuberance surface spinulose, with either isolated or lined
spinules and presenting unbranched straight hairs (henceforth "simple" hairs). (II) "hemisphere" (Fig. 2B - E) as a
round elevation bearing no hairs found on all instars on
each sides of the 1st thoracic segment close of head. (III)
"conoid" (Fig. 3D) one pair per segment on the ventral
region of the thoracic and 1st abdominal somites; each
bearing a pair of hairs and of spinulose surface. Body hairs
all simple, found mostly on ventre in isolation (noticeable
by contrast in Fig. 4A). Ventral surface and surroundings
of anus opening abundant in rows of spinules (Figs. 4A,
B, D); spinules either isolated or in rows (Fig. 4B), less
abundant elsewhere on body. Presence of ten pairs of spiracles, being two thoracic and eight abdominal, all with
roughly same aperture diameter (for each instar); opening
of spiracles sitting on a marked elevation (Fig. 4C) as in
WHEELER & WHEELER (1976: Fig. 8C), with atrial wall
lined with rows of tiny spinules; there is one basiconic
sensillum ventral-proximally next to each spiracle. Anus
ventral (Fig. 4D). H e a d c a p s u l e . Subcircular in
shape yet wider than long (Fig. 5A), with all hairs simple
(exception in a single second instar specimen of Odontomachus brunneus that had one distally bifurcated hair on
the frons). Head hairs distributed as follows (Fig. 5A, E):
two or three hairs on frons (two hairs in 92.3%; N = 39),
from two to six hairs on vertex (four in 46.4%; N = 28),
from none to five hairs on occipital border (two in 42.9%;
N = 28), from six to fourteen hairs on each gena (11 in
28.6%; N = 56). Vertex surface spinulose; protuberances
absent (Fig. 5B); antennal orbits circular and convex, with
two or three basiconic sensilla (87.5% of O. bauri had
three; N = 48) (Fig. 5C). Clypeus clearly delimited (Figs.
5A, D), with four to six simple hairs (four in 78.1%; N =
32; Fig. 5A). M o u t h p a r t s . Labrum bilobed (Figs.
5A, 6A, B) with anterior face slightly wrinkled, and ventral surface furrowed, presenting: isolated spinules, basiconic sensilla (88.9% with 12 sensilla, 11.1% with 14
sensilla; N = 18), three to six simple hairs (47.8% with
four hairs; N= 23; Fig. 6C). Posterior face of labrum (i.e.,
palate) covered in spinules (Fig. 6D) and a group of 2 - 4
(usually three) basiconic sensilla on the sensorial area. Mandibles (Figs. 5A, 6E, F) of shape "ectatommoid" as defined by WHEELER & WHEELER (1976), "Subtriangular;
with a medial blade arising from the anterior surface and
bearing one or two medial teeth; apex curved medially to
form a tooth"; rather gauntlet-shaped and bearing three
prominent teeth (Figs. 6A, B, E - G); abundant rows of
spinules extending to medial length of mandible (Figs. 6E).
Maxillae clearly delimited, conoidal in shape (Fig. 6B, F),
with three to six simple hairs (67.3% with four hairs; N =
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Fig. 1: Instar estimation for three species of Odontomachus based on frequency distributions of head capsules (left hand
side) and scatterplot of head capsule and body length (right hand side). A gray bar on histogram represents the size
interval where mature embryos and hatching larvae were found; black bars represent intervals where prepupae were also
detected. On the scatterplot of O. brunneus larvae; x = head width (mm) and y = body length (mm); Kernel density analysis was applied to x axis. (Only larvae included, of both sexes; plot script available in FOX & al. 2017).
49), and spinules of varied sizes either isolated or in rows.
Galea digitiform (Figs. 6B, F), with two basiconic sensilla
and some isolated spinules around base. Maxillary palp
stout and paxiliform (Figs. 6B, F) with five sensilla (76.9%
with three basiconic, one setaceous and one enclosed sensillum; 15.4% with four basiconic and one enclosed sensillum; 7.7% with two basiconic, two setaceous and one
enclosed sensillum; N = 26). Labium elliptical and wrinkled (Figs. 6B, G), presenting abundant isolated or rows
of spinules on the anterior face above opening of salivary
glands. Ventral border of labium with spinules (Fig. 6G)
and short hairs. Labial palps paxiliform (Fig. 6G) with
four or five sensilla (50% with four basiconic and one enclosed sensillum; 37.5% with three basiconic, one setaceous and one enclosed sensillum; 12.5% with three basiconic and one enclosed sensillum; N = 16). Hypopharynx
with rows of spinules (Fig. 6G). Gula also spinulose, with
2 - 3 basiconic sensilla (not shown).
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First instar: Body color overall whitish yellow. Body
hairs (Fig. 2A, B) few or lacking (see sexual differences
below) with occasional basiconic sensilla, particularly on
ventral region of each segment; starting from T2 usually
1 - 3 per segment. Conspicuous "doorknob" protuberances
(Fig. 2B) found on the dorsum of 4th and 5th abdominal
(i.e., A4 and A5 henceforth) segments as one pair per
segment, each bearing 4 or 5 hairs (66.7% protuberances
bore four hairs; N = 12), surface spinulose. Mandibles
lightly pigmented, with weak medial teeth. Opening of
salivary glands a discrete horizontal slit; ventral border of
labium with 6 - 8 setaceous sensilla. Male larvae completely lacking body hairs (though protuberance hairs present in all specimens).
Second instar: Body (Fig. 2C) with neck markedly
more slender and elongate than previous instar, and head
capsule much more detached and greater relative to body
size. Body color a grayish beige, yet markedly darker at

Fig. 2: Different stages of larval
development of O.meinerti, with
larvae in side view: (A) 1st instar
worker eclosing; (B) 1 st instar
worker; (C) 2 nd instar male; (D)
3rd instar worker; (E) prepupa of
worker. Abbreviations: head (h);
protuberances type "frustum with
spire" (fs) and "doorknob" (dk); an
asterisk is placed beside an evident hemisphere protuberance, always present near base of head.
Size of scale bars: (A) 215 µm,
(B) 285 µm, (C) 400 µm, (D)
500 µm, (E) 700 µm.

Fig. 3: Types of hairy protuberances identified on larvae of
Odontomachus: (A) "frustum with
spire" on a 3rd instar male larva of
O. bauri; inset on details of the
spinulose surface; (B) the "doorknob" on 1st instar workers of O.
meinerti; inset showing one anomalous case of four pairs of protuberances; (C) "discoid" protuberance on 3rd instar worker of O.
meinerti, beside a "conoid" (arrow)
protuberance; (D) another "conoid"
on a 2nd instar male of O. meinerti.
Size of scale bars: (A) 40 µm (B)
25 µm (C) 80 µm, (D) 15 µm.

proximal end of body, where it is more round; urate bodies
visible under the semi-transparent cuticle. Curiously, all
analysed specimens of Odontomachus brunneus (n = 5)
mounted on slides were transitory between 2nd and 3rd instar, thus presenting overlapping tegument structures (e.g.,
Fig. S3). Head capsule slightly more yellowish than rest
of body, with mouthparts lightly sclerotized and clearly
discernible by naked eye. One specimen of O. brunneus

had a single distally bifurcated hair on the frons. Labium
with six to ten hairs and two basiconic sensilla near opening of sericteries; two basiconic sensilla at entrance of
hypopahrynx. Dorsal "doorknob" protuberances as described
for 1st instar, however, more stout (Figs. 2C, 3B). Occasional body hairs and sensilla, latter both basiconic or setaceous, particularly on dorsum and ventre of thoracic segments and around terminal body surface; dorsal sensilla
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Fig. 4: Third instar larva of Odontomachus: (A) ventral region of
male O. bauri; (B) detail on
ventral thorax of worker O. meinerti; (C) abdominal spiracle on
O. bauri male; (D) anus area of
O. bauri. Size of scale bars: (A)
35 µm, (B) 17 µm, (C) 10 µm,
(D) 50 µm.

Fig. 5: Head of larva of Odontomachus meinerti: (A) full frontal view of 3rd instar worker; (B)
detail on vertex of 3rd instar worker;
(C) antenna of 3rd instar worker;
(D) side view of 1st instar worker; (E) side view of 3 rd instar
male. Abbreviations: clypeus (cl),
labrum (lb), mandible (md), maxilla (mx), and labium (la). Size of
scale bars: (A) 90 µm, (B) 5 µm,
(C) 10 µm, (D) 60 µm, (E) 75 µm.
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Fig. 6: Mouthparts of Odontomachus larvae: (A) full frontal
view of 1 st instar worker of O.
bauri; (B) full frontal view of 3rd
instar male of O. bauri; (C) detail on labrum of 3rd instar males
and epipharynx of 1st instar worker of O. bauri; (D) surface spinules; (E) mandible of 3rd instar
worker of O. meinerti, with detail
on anomalous mandible of 2 nd
instar; (F) maxilla of 3 rd instar
worker of O. meinerti; (G) labium of 3rd instar of males of O.
bauri. Abbreviations: clypeus (cl),
galea (ga), labium (la), labrum (lb),
mandible (md), maxilla (mx), maxillary palps (mp) and labial palps
(lp), hairs (arrow), pseudopalps
(pp), opening of sericteries (se).
Size of scale bars: (A) 25 µm,
(B) 70 µm, (C) 40 µm, (D) 3 µm,
(E) 45 µm, (F) 40 µm, (G) 20 µm.

often standing on a slight isolated elevation. Opening of
salivary glands a discrete horizontal slit.
Third instar: Body (Fig. 2D) with head smaller relative to body. Body color as in 2nd instar, however, with
midgut conspicuously darker, contrasting with surrounding urate inclusions. Head capsule more yellowish, with
mouthparts, labrum, and tips of tentorium markedly sclerotized and of a dark brown hue. Absence of "doorknob"
protuberances; instead there are "discoid" protuberances
(Fig. 3C) on A4 and A5, one pair per segment as gentle
soft elevations surrounded by slightly curved simple hairs
(Fig. 3C); next to them a single additional "conoid" protuberance with a single surface hair (Fig. 3C arrow). Anus
subterminal as a ventral horizontal slit guarded by groups
of 2 - 3 straight hairs (Fig. 4D) on each extremity. Mouthparts, particularly palps and galea and the mandibles, more
prominent (Fig. 5A) and of a dark brown in color. Labium
as in 2nd instars. Opening of salivary glands a prominent
membranous border continuous with pseudo-palps forming
a complex sericteries apparatus; each pseudopalp bearing
a lateral basiconic sensillum and one apical opening (Fig.
6G). Gula distinctly more spinulose (Figs. 6B, E).
Sex-specific differences are also summarized in Tables
S1 - S6, where mature male larvae proved slightly longer
than worker larvae (Odontomachus meinerti: 61 workers
vs. 22 males, t = 3.91, p = 0.0002; O. bauri: 58 workers vs.
15 males, t = 4.35; p < 0.0001). In addition, gonadal imagi-

nal discs are visible from fixed male mature larvae (lacking in worker larvae). No apparent gyne larvae were observed, judging from the size of the mature larvae.
Pupae: Pupae are all yellowish-white when young but
later the eyes get black, and the body gradually darkens
to brown as they develop into imagos; appendages are free,
i.e., exarate pupae. Silk threads from cocoon of variable
width, disposed in a roughly reticulate fashion (Fig. S4).
Anomalous individuals: Some anomalous specimens
of Odontomachus meinerti presented deviations from the
descriptions above. One specimen of a first instar larva
had four pairs of "doorknob" protuberances (inset on Fig.
3B) presented as two extra pairs on segments A6 and A7
(segments otherwise normal). Some specimens bore one
hair at medial length on the external surface of mandibles
(inset on Fig. 6E), observed from 2nd instar worker larvae, and 3rd instar of workers and males. Moreover, one
specimen of O. brunneus had asymmetric number of antennal sensilla (2 on one side, 3 on the other) while moulting from 2nd to 3rd instar larva, the aberration on both the
shed and the new head capsules.
Biological observations
In laboratory colonies, workers of Odontomachus brunneus were observed to attach their first and second instar
larvae to the walls and ceilings of their artificial nest chambers (Fig. 7). Third instar larvae were only ever observed
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Fig. 7: (A) The interior underside glass ceiling of an Odontomachus brunneus laboratory nest chamber lined with
fragments of pupal cases and live larvae suspended by
their "doorknob" protuberances. (B) Hanging 2nd instar larva
of O. brunneus on side view under a glass slide coverslip.
on the floors of the nest chamber, dorsal side oriented
down, and arranged individually, not pilled together. Larvae
on the walls and ceilings of the nest were always oriented
with their dorsal side against the surface being suspended
from their "doorknob" protuberances (Fig. 7B).
Obtained Odontomachus bauri specimens from French
Guyana included two mature larvae containing an endoparasitoid in each (Fig. 8); each unidentified parasitic larva
was found alongside with a melanised meconium (Figs.
8B, C) developing inside the host's midgut after having
detached the oesophagus, while leaving external features
unchanged (Fig. 8A).
Discussion
Overall, we have determined the number of larval instars
as three for all three species and both sexes as estimated
by the frequency distribution of measured head capsules,
further supported by Dyar's rule and the existence of three
distinct larval morphotypes. Minor morphological differences between instars were noted, while male larvae tend
to lack hairs upon 1st instar, and often present visible imaginal disks when mature. A few developmental anomalies were recorded regarding one occasional mandible
hair, and one case of asymmetry in antennal sensilla, and
altered body protuberances. Finally, previously unreported
"doorknob" protuberances of 1st and 2nd instars were shown
to aid in larval fixation to walls, and an unidentified parasitoid growing in the midgut of few Odontomachus bauri
larvae was illustrated for the first time. Each of such sections is discussed in separate topics below.
Larval instars: Currently recorded for more than 20
species, the occurrence of three larval instars is the most
frequent number of instars among ants (for an overview
see SOLIS & al. 2010a). The range recorded among hymenopterans is currently between one to eight instars (QUICKE
1997). From our experience ant species presenting three
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Fig. 8: Parasitized larvae of Odontomachus bauri obtained
in French Guyana. (A) Parasitized larva in full side view;
(B) dissected host larva and parasitoid parts; (C) closer
view of unidentified parasitoid prepupa and apparent meconium.
larval instars are generally the easiest for routine separation of instars based on the relative body proportions and
specific shape aided by noticeable differences in the described pigmentation of mouthparts and head capsule. Moreover the aspect of the first and last instars is readily available: First larval instars are often observable as mature
embryos and newly-hatching individuals (see Fig. 2A),
while the final-instar larvae of cocoon-spinning species
typically yield pseudopalps (Figs. 5E, 6G) observable by
high-magnification from live or fixed specimens. In the
case of Odontomachus, they have also development patterns are marked by the unique protuberances of each instar, notably the state of the dorsal "doorknobs", enabling
rapid instar separation. We therefore expect such observations to greatly facilitate experimental larval manipulation and protocols in this genus.
In the present study we tested a new approach for instar determination shown on the right hand panel of Figure 1 for Odontomachus brunneus. Histograms will often
lead to confusion and error as important parameters such
as the assigned intervals between measures (also known
as "bins") and the axis scale can greatly alter the shape of
peaks; therefore peaks are assigned partially by intuition
(i.e., opinion) which can be particularly ambiguous at more
limited sample sizes. Kernel density analysis may offer a
more objective method as compared to visual assignment of
obtained peaks as suggested by CHEN & SEYBOLT (2013)
in estimating the peak frequency values for instar determination. Moreover, scatterplots offer the possibility of
clustering data deriving from a same individual, generating
a more informative plot. Given our limited sample size for
O. brunneus we expected the resulting histograms to yield

less pronounced distribution peaks (de facto: see Figs. 1E,
F), thus we opted to scatterplot individual data and apply
Kernel analysis, automatically generating Figure 1G. We
believe incorporation of further specimens information
(e.g., spiracles diameters, mandible length, body mass) is
bound to further intensify clustering of specimens by instarspecific similarities, generating a clearer pattern with less
specimens than used in previous protocols. Such strategy
shall be investigated further in a forthcoming dedicated
study, coupled with Principal Components Analysis.
Within the genus Odontomachus, COLOMBEL (1971)
has estimated four larval instars for O. troglodytes (SANTSCHI, 1914) (originally declared as O. haematodes but his
deposited voucher specimens were renamed by F ISHER
& SMITH 2008) for workers and males based on thousands
of measurements of body lengths, confirmed by following
moults in the lab of a few individuals. Colombel's estimation is thus different from that of the present species here,
while the recorded sizes of his larvae were smaller. It
should be noted that instar determination solely based on
body length is not generally the most reliable approach
given the natural plasticity of the soft-bodied larvae (see
PARRA & HADDAD 1989), which renders them ambiguous to measure and leads to considerable overlap among
individuals of different instars (e.g., check for body length
overlap from Y-axis of Fig. 1G and Tables S1, S3, S4,
S5). Instar determination ideally relies on measuring hard
body parts such as head capsule, mandibles, or even spiracle peritremes (PARRA & HADDAD 1989). Notwithstanding, the author was able to determine the number of instars
in O. troglodytes with little overlap in body length according to COLOMBEL (1971: fig. 8) which contrasts remarkably with the norm in our experience with several other
ant genera. Possibly a pronounced uniformity of body dimensions between instars was achieved from rearing the
larvae under strictly controlled conditions as described in
COLOMBEL (1974). It is hard, however, to know exactly
how many data points were interconnected in his presented
frequency plots (e.g., COLOMBEL 1971: Fig. 4) which is
one of the reasons why lines plots are not widely used in
such graphs. Revisiting this population from Cameroun assessed by COLOMBEL (1971) would thus be an interesting
project, both to confirm a case of interspecific instar number variation and to formally check for unusual instarspecific body lengths. Interspecific variation in the number
of larval instars in the same genus has been previously
reported (e.g., in Camponotus in SOLIS & al. 2012, in Nylanderia in ARCILA & al. 2002), and the limited number
of studied species to date precludes estimating how common this can be. Another unusual case of instar-specific
body lengths in ant larvae is apparently reported from ALVARADO & al. (2015). We have usually observed a typical overlap in body dimensions during numerous past investigations into ant larval instars, which often makes instar
separation by mere visual inspection hard. The use of head
capsule width supported by morphotypes remains the gold
standard approach.
Useful diagnostic characters: A general description of
Odontomachini larvae is provided by WHEELER & WHEELER (1976: p. 51) along with depictions of one complete
specimen of Anochetus sp. in profile and a head in full
frontal view. Based on our data, their depicted larva was
likely a 2nd instar larva, judging from body shape, the pre-

sence of dorsal protuberances, and lack of pseudopalps.
The ventral, leg-like "conoid" protuberances as well as the
dorsal "discoids" (mentioned as "glabrous areas") are shown
in their drawings, but not mentioned in the accompanying description. Likewise the conspicuous punctures at the
base of mandibles and near the occipital region were shown
but were not mentioned. Neither the drawings nor narrative
in WHEELER & WHEELER (1976) mention the conspicuous
basiconic sensilla near the openings of spiracles: closer
inspection of Anochetus larvae to confirm the lack of this
trait is warranted, as this could be an important taxonomic
character. Moreover, Anochetus larvae apparently have one
setaceous sensillum on each side of labrum and mandibles which are more elongate upon base with pronounced
rows of spinules: if confirmed such differences are also
useful characters for genus identification. According to
WHEELER & WHEELER (1976) ant larvae typically present ten pairs of spiracles, in which the peritremes can be
of three different types: (I) atrial spinules absent, (II) atrial
spinules present, (III) the peritreme sits on a marked elevation. Spiracle type III herein described for Odontomachus is reported to be shared with Paraponera (subfamily
Paraponerinae) and several genera within Ponerinae such
as Anochetus, Cryptopone, Neoponera, Odontomachus,
Pachycondyla, and Thaumatomyrmex. Thus, spiracle peritremes are useful in discriminating between the larvae of
certain genera of Ponerinae.
The larvae of the tribe Ponerini are remarkable for their
prominent tubercle protuberances (WHEELER & WHEELER
1976). Up to now, analysed larvae presented five types of
protuberances, with "doorknob" protuberances being herein
reported for the first time in Odontomachus. This fact is
remarkable as the studies by WHEELER & WHEELER (1952,
1964, 1971, 1976, 1980) had already described Odontomachus larvae presenting "frustum with spire", "hemisphere", "conoid", and "discoid" protuberances, but never
"doorknobs". As "discoid" protuberances are present only
on mature larvae sitting on the same homologous location
as the "doorknobs" of previous instar, we believe they are
merely vestigial "doorknobs". While the cause of the disappearance of adhesive structures and hanging behavior
in 3rd instar larvae is unknown, it may be due to 3rd instar
larvae being too heavy to reliably hang via this method
of adhesion or perhaps it is associated with larval feeding
behavior at this stage wherein large pieces of food are directly placed onto the ventre of the larva (on a region termed
the food "basket" or "platter") which may prohibit nonhorizontal orientations. It seems likely that this fact was
overlooked in previous studies because only mature larvae
were analysed: "imaginal discs" (i.e., a mark of mature
larvae) were reported on the samples depicted by WHEELER & WHEELER (1952, 1964), while the "young larvae"
of WHEELER & WHEELER (1980) may actually have been
smaller newly-moulted mature larvae, considering their reported "middorsal swellings" on A4 and A5 which would
correspond to the "discoid" protuberances of 3rd instars
here. This illustrates the utility of conspicuous traits such
as protuberances enabling instar diagnosis.
Male larvae differed from workers in three ways. The
first marked difference is the presence of imaginal wing
discs visible in many male larvae, absent in workers; such
disks are evident in Ponerinae (WHEELER & W HEELER
1976). A second difference is the distribution of body hairs
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(notwithstanding hairs on protuberances), which are absent in 1st instar larvae of males while present and evident in workers. Worker larvae were slightly longer than
males, however, because of superposition of values, discrimination of sexes using body size is not feasible. As
expected given our colonies conditions, no gyne larvae were
found, reported to be considerably larger than worker larvae
(COLOMBEL 1974). COLOMBEL (1974) stated that gyne
production in Odontomachus is not expected in the presence of a functional queen within a certain ratio to the
number of workers; notwithstanding the author also reported gyne larvae only differ from worker larvae by a
marked size increment upon the 4th instar. This pattern of
altered growth of reproductive larvae upon last instar is
also observed in fire ants (FOX & al. 2012a).
Anomalous structures: Developmental anomalies are
often reported among ants, particularly in Myrmicinae.
Likely causes are generally circumstantial such as mechanical harm, parasites, intoxication, however, some are associated with developmental issues like sex mosaics (CZECHOWSKI & al. 2008). Some larvae herein were reported
to bear a hair on the outer mandible side, which was never
reported in ants (e.g., WHEELER & WHEELER 1976). It is
worth mentioning that a distinct hair in the same homologous position is typical of some solitary wasp larvae (e.g.,
see the mud-dauber wasp larvae in FOX & al. 2012b) to
which ants are remotely related. Similar to these wasps,
the mandibular surface surrounding the hair of Odontomachus meinerti was smooth (i.e., not spinulose), thus the
hair cannot be a deformed spine. The mouthparts of holometabolous insects embryonically derive from gnathic appendices regulated by specific sets of conserved genes
(ANGELINI & KAUFMAN 2005), thus this occurrence might
derive from a genetic issue resulting in the local "recovery"
of a hair found in other related Hymenoptera. Concerning
the other registered anomaly – the surging of two extra
pairs of dorsal protuberances –, it seems likely that "frustum" protuberances developed into additional "doorknobs"
(as this is not a case of segment duplication as seen from
Fig. 3B). Curiously, the larvae of the closely related genus
Ponera present the same pattern of four pairs of "doorknobs" on the same abdominal segments (WHEELER &
WHEELER 1952), suggesting this anomaly might have resulted from a misregulation of shared genes. The development of anomalous apomorphic structures from conserved
genes is a promising topic for evolutionary / developmental
investigation. Should these alterations prove recurrent in
these ants, they could be suitable models for evolutionarydevelopmental studies.
The last detected anomaly is a minor antennal asymmetry already reported in several other ant larvae (e.g.,
SOLIS & al. 2010b), however, herein demonstrated to pass
between instars. This asymmetry is thus likely to influence
developmental stages, potentially resulting in an adult individual with asymmetric antennae. However, the resulting phenotype in adults could be only checked if this rare
trait is observable without harming the specimen.
Biological observations: Concerning biological observations, PEETERS & HÖLLDOBLER (1992) evaluated the
"doorknob" protuberances of Hypoponera and noticed a
sticky secretion aiding in the fixation of larvae to nest
walls. Histological observations by PEETERS & HÖLLDOBLER (1992) revealed that such protuberances lack haemo-
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lymph channels, muscles, innervations or glands, while
epidermis is locally much thicker, suggesting the epidermis
is producing the secretion. "Doorknob" protuberances were
also observed herein as means of wall adhesion. It should
be remarked that while most ant larvae lack adhesive protuberances, some long dorsal anchor-tipped hairs were
demonstrated to provide a similar function of suspending
larvae (e.g., PENICK & al. 2012) in many other ant genera.
Ant larval hairs can be highly diverse in morphology and
function (e.g., see Myrmelachista in SOLIS & al. 2011), indicating larval hanging may be widespread in ants. Illustrating this trend, the particularly hairy larvae of Camponotus were recently observed to passively clamp when
lumped together (WANG & al. 2017). Therefore the social
role of suspending larval agglomerates from walls and ceilings within nest chambers likely stands an under-recognized
aspect of spatial colony organization. Artificial colonies
of Odontomachus might thus be useful models for assessing the biology of hanging young larvae as opposed to
unattached mature individuals.
Two fixed larvae of Odontomachus bauri from French
Guyana were infected with one parasitic larva each, the
whole parasitic structure consisting of a pre-pupal stage
alongside a solid meconium of unusual morphology. These
specimens and their taxonomic ID will be dealt with in
further detail in a subsequent investigation. The position
of these larvae indicates that they were growing inside
the ant larval midgut, certainly lethal to their host. The concealed excretion of a meconium suggests an interesting
deceptive mechanism to prevent leaving external marks on
the parasitized larva which could alert nurse workers. This
is the first report of this mode of parasitism for the group.
Perhaps this phenomenon is restricted to hot spots of biodiversity, explaining why no previous observations have
been made.
Conclusions
The present descriptions fill in gaps in ant larval morphology by comparing numerous specimens from three different species and distant geographical localities. Intraspecific nuances in body dimensions and characteristics for
each instar of each species are reported, which is not possible when describing isolated individuals of unknown
instar, as is traditionally done. In addition, some biological notes on these ants are reported for the first time. We
hope the provided information and insights prove useful
for others working on the biology of Odontomachus and
related ant larvae.
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