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Dear editor,

Polymorphism refers to two or more clearly different phe-
notypes coexisting in the population of a species. It has been
observed and studied among ants, bees, wasps, termites,
dung beetles and stag beetles (Trible and Kronauer, 2017;
Zhao et al., 2019). Size and shape variation of these holo-
metabolic insects, especially ants, usually happen in larval
development rather than adult stage. Worker polymorphism,
continuous variation of body sizes, is considered as a sig-
nificant feature of advanced insect societies and the reason of
castes differentiation in ant eusociality. Variation in in-
dividual sizes influences not only the behavioral repertoire of
individuals, but also the trophic ecology, energetic efficiency
of the colony (Peeters and Ito, 2015). Size-variable worker
polymorphism is also associated with increased behavioral
specialization and caste determination in colony (Trible and
Kronauer, 2017). For example, major workers having larger
body and mandibles usually take charge of defense or food
transportation; but dwarf workers having smaller body
usually take care of eggs and trophallaxis. However, it is hard
to elucidate early polymorphism within worker caste due to
sparse fossil evidence because of difficulties to identify
workers to be co-species or to confirm whether they are co-

colony. Engel and Grimaldi supposed that Haidomyrmex
Dlussky, 1996 should be a kind of “major” worker as a sub-
caste of workers for its special mandibles (Engel and Gri-
maldi, 2005). But subsequent studies suggested that workers
with such unique cranio-mandibular were common in all
castes rather than “major” workers (Perrichot et al., 2008).
Thus, polymorphism of worker ants has never been de-
scribed in fossils hitherto.
The earliest confirmed fossil ants can be dated to the late

Albian (ca. 100 Mya). Several taxa of stem-group ants re-
ported from mid-Cretaceous Burmese amber (ca. 99 Mya)
suggest that the eusociality appeared at least in the mid-
Cretaceous. For example, the type species of Zigrasimecia
(Barden and Grimaldi, 2013), Z. tonsora is a dealate gyne,
while all specimens, reported as the other species in Zi-
grasimecia (Perrichot, 2014), Z. ferox are workers. Herein,
we provide further characters for Z. ferox based on additional
two alate specimens from Kachin (Hukawng Valley) of
Northern Myanmar, ca. 99 Mya. (Figure 1A and B, Figure
S1A and B in Supporting Information). We assign these two
alate gynes within Zigrasimecia based on typical dense
mandibular brush and clypeal combs. They differ from Z.
tonsora in that Z. tonsora has a concavity on the external
surface of the mandible near the apex, while these two alate
gynes and workers of Z. ferox without concavity. They also
conform with Z. ferox in having a steep posterior margin of
the propodeum and the right angle of ventral surface of
gastral segment I. Moreover, referring to venational no-
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menclature of Brown and Nutting (1949), venations of Z.
ferox are emended (Figure 1C): forewing (M+Cu)1 branched
into (M+Cu)2 and cu-a; Rsf2 and Rsf3 distinguished; cell
2Rs1C/SMC2 6 sided; Mf2 short, nearly as long as Rsf4.
Hind wing Mf1 bent and inclined, the length equal to cross-
vein 1rs-m and longer than twice of Rsf1.

More importantly, workers of Zigrasimecia ferox (Perri-
chot, 2014), with continuously various body sizes and ob-
vious features, have been identified, enabling us to study
ancient polymorphism in the mid-Cretaceous. Three amber
pieces, containing 4, 3 and 7 workers of Z. ferox with dif-

ferent body sizes and other 8 amber pieces each with an
individually-preserved worker, demonstrate the earliest
known continuous polymorphism in ants and imply that
within-caste allometry might have appeared about the same
time of the ant eusociality (Figure 1D–J). Thus, we infer that
worker polymorphism appeared concomitantly with caste
differentiation.
We examined 22 workers including 14 aggregated workers

in three pieces of amber (Figure 1F–H, Figures S2, S3 and
S4A and B in Supporting Information) and 8 individually-
preserved workers (Figures S1C–H and S4C–F in Support-

Figure 1 Alate gyne and polymorphism of workers of Zigrasimecia ferox Perrichot, 2014. A–C, Specimen of the alate gyne, No. CNU-HYM-MA2019056.
D–H, Polymorphism of workers of Z. ferox; all the sequence numbers of specimens are abridged in the figure, the omitted part is No. CNU-HYM-MA2018 or
No. CNU-HYM-MA2019. I and J, Single regression lines described all measurements plotted of Z. ferox workers against each other document isometry. A,
Photograph of the CNU-HYM-MA2019056 in lateral view. B, Reconstructive drawing of the CNU-HYM-MA2019056. C, Reconstructions of venations of Z.
ferox alate gyne, top: indication of cells; middle: indication of veins of forewing; bottom: indication of veins of hind wing. D, Scatter diagram of different
body lengths of 19 workers of Z. ferox (listed in Table S1 in Supporting Information). E, Reconstructions in different lengths of tree Z. ferox workers, top: No.
CNU-HYM-MA2018070, 2.06 mm in length; middle: No. CNU-HYM-MA2019061, 2.73 mm; bottom: No. CNU-HYM-MA2019059, 3.27 mm; see also
Figure S4 in Supporting Information. F, Photomicrograph of Amber No. 1, containing 4 workers, details see also Figure S2 in Supporting Information. G,
Photomicrograph of Amber No. 3, containing 7 workers, details see also Figure S3 in Supporting Information. H, Photomicrograph of Amber No. 2,
containing 3 workers, see also Figure S2 in Supporting Information. I, Relationship between eye lengths and widths. J, Relationship between mesosoma
lengths and head lengths. (Scale bars for A and B=0.5 mm, scale bars for forewings of C=0.5 mm, scale bar for hind wing of C=0.2 mm, scale bars for F and
G=2 mm, scale bar for H=1 mm).
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ing Information) from the collection of Capital Normal
University. Posterior margin of propodeum of all 8 in-
dividually-preserved workers dropped steeply and nearly
formed a right angle with dorsal surface. Their sub-petiolar
processes are strong, and the anterior edge of gastral I formed
a right angle. All these characters indicated their affiliations
with Z. ferox (Figure 1E). Additionally, we found three
pieces of amber, Amber No. 1 embedded with 4 workers
(Figure 1F, Figure S2 A–D in Supporting Information),
Amber No. 2 with 3 workers (Figure 1H, Figure S2E–G in
Supporting Information) and Amber No. 3 with 7 workers
(Figure 1G, Figure S3 in Supporting Information) respec-
tively, these workers also possess key characters of Z. ferox.
All of these workers show linearly continuous variation in

body lengths (Figure 1D). The largest worker is 4.6 mm
long, nearly 2.5 times as long as the smallest one with
1.8 mm (Figure 1D, Table S1 in Supporting Information). To
further verify relationships among these individuals with
various lengths of body and body structures, we measure and
account other data like eye lengths, eye widths, head lengths,
mesosomal lengths, etc. (Table S1 in Supporting Informa-
tion). We found that these measurements plotted against each
other show linear regression lines (Figure 1I and J). These
results illustrate continuity in the size of conspecific workers,
and the isometry of workers that we consider to derive from
the same colony. Such size variation (isometry) is a sub-
category of polymorphism, and is related to polyphenism, or
having multiple tasks carried out by individuals. Due to
preservation, some data of these Z. ferox worker ants in our
study are not available, the numbers of points in these two
linear regression analyses are different (details see Table S1
in Supporting Information).
New findings suggest that polymorphism within worker

caste appeared during or before the mid-Cretaceous. Such
isometric size variation supports the hypothesis that the in-
dividuals observed are conspecific, suggesting size-based
polymorphism among these stem ants, and size variation
were probably ancestral in eusocial Formicidae, as predicted
by Trible and Kronauer (2017). It was an optimum across a
colony to achieve efficiency in the mid-Cretaceous.
In the studies of ant polymorphism, phylogenetic analysis

showed that polymorphism is an evolutionarily labile trait
and repeated, but quantitative data regarding the variation
within and among species are limited (Wills et al., 2018). It

was supposed that worker polymorphism is a primary trait of
the formicoid clade (Peeters, 1997). However, the worker
polymorphism in Z. ferox here provides new evidence, be-
cause Zigrasimecia is a stem group, independent of any
crown clades.
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