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INTRODUCTION

Hymenoptera exhibit a haplodiploid genetic sys-
tem, where females and males arise from fertilized 
diploid and unfertilized haploid eggs, respectively. 
Ants, with the exception of some socially parasitic 
species, are eusocial, and their sexual reproduction 
are monopolized by one or a few mated queens in 
their colonies. However, there are 19 ant species 
known to exhibit thelytokous parthenogenesis, 
in which an unmated female produces females 
(Grasso et al., 2000; Masuko, 2013, 2014; Rabel-
ing & Kronauer, 2013; Lee et al., 2018; Idogawa 
et al., 2021; Ito et al., 2021; Wang et al., 2023). 

Seventeen of these thelytokous ant species belong 
to Myrmicinae and Formicinae, one belongs to 
Dorylinae, and the other belongs to Ponerinae. De-
termining the number of thelytokous species and 
the significance of thelytoky for their life cycle and 
evolution presents a great challenge for myrme-
cologists (Rabeling & Kronauer, 2013).
	 The genus Anochetus, which belongs to 
the ponerine ant subfamily, comprises 115 species 
and is distributed worldwide, particularly in tropi-
cal and subtropical regions (Fisher, 2010; Bolton, 
2022). Anochetus ants, along with Odontomachus 
(Ponerinae), Myrmoteras (Formicinae), and some 
of the tribe Attini (Myrmicinae), are known as trap-
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ABSTRACT. Two orphan colonies of Anochetus shohki were collected from Yonaguni Island, Oki-
nawa, Japan. Alate queens emerged from one of the orphan colonies, which had cocoons at the time of 
field-sampling. These queens exhibited an enlarged pronotum, which is a trait typical of non-claustral 
foundresses. They shed their wings in a few days, and then started laying eggs 24 days later. These eggs 
eventually developed into workers. After some of these workers eclosed, dissections revealed that queens 
possessed well-developed ovaries with six ovarioles (3 + 3) and workers lacked ovaries. Spermathecae 
of these queens were empty, and no males emerged during the study period. These findings indicate 
that uninseminated dealate queens in A. shohki can produce workers via thelytokous parthenogenesis, 
at least in orphan colonies. This represents the first report of thelytoky not only in Anochetus but also 
in the Ponerini tribe, and it is the second such report in the Ponerinae subfamily.
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jaw ants (Larabee & Suarez, 2014). Their colony 
size is usually less than 100 individuals (Brown, 
W. L., 1978). To my knowledge, 25 out of 115 
Anochetus species are known to possess an alate/
dealate queen that independently founds a new 
colony (Brown, W. L., 1978; Villet et al., 1991; Ito 
& Ohkawara, 1994; Torres et al., 2000; Gobin et 
al., 2006; Kugler & Ionescu, 2007; Fisher & Smith, 
2008; González-Campero & Elizalde, 2008; Tinaut 
et al., 2011; Shattuck & Slipinska, 2012; Satria et 
al., 2017; Leong et al., 2018; Chen et al., 2019), 
whereas nine species are known to possess an er-
gatoid (wingless) queen that performs dependent 
colony foundation (Brown, W. L., 1978; Lattke, 
1986; Villet et al., 1991; Torres et al., 2000; Gobin 
et al., 2006; Fisher & Smith, 2008; Satria et al., 
2017), and both alate and ergatoid queens have 
been reported in three other species (Brown, W. 
L., 1978; Tinaut et al., 2011). Further studies are 
required to understand how the reproductive strate-
gies of these species have evolved divergently.
	 Anochetus shohki is the only Anochetus 
species distributed in Japan and is limited to Ish-
igaki, Iriomote, Miyako, and Yonaguni Islands, 
which are located on the southwestern edge of Ja-
pan (Terayama et al., 2014; Hisasue et al., 2019). 
Although alate queens and workers have been 
found in this species, there is no further informa-
tion on their reproductive biology. In this study, 
I report thelytokous parthenogenesis by dealate 
queens in an orphaned colony of A. shohki col-
lected from Yonaguni Island. 

MATERIALS AND METHODS

Ants
Two orphan colonies of A. shohki were found 
nesting in the soil under porous stones on June 2, 
2022 on the forest floor along the Tabaru River on 
Yonaguni Island, Okinawa, Japan. The first colony 
(colony A) contained only six workers, whereas 
the second colony (colony B) contained 17 work-
ers and five cocoons. These colonies were trans-
ported to the laboratory at Tamagawa University, 
where they were reared in plastic containers (7.7 × 
10.8 × 3.2 cm) filled with moistened plaster, main-
tained at 25°C, and fed springtails (Collembola) 
three times a week.

Examination of reproductive females
After the emergence of five alate queens, newly 
produced eggs were found (see Results). On day 
111, when some of the broods pupated, all surviv-
ing adults in colony B (three dealate queens and 
eight workers; Table 1) were painted to distinguish 
them from newly emerged adults. Twenty-four 
days later (day 135), all painted adults and three 
newly eclosed workers were dissected to examine 
their reproductive status, including the number of 
ovarioles and mature oocytes and the presence of 
yellow bodies. One dealate queen and three work-
ers died within this 24-day period, so they were 
not included in the examination. 

Table 1. Eclosion of alate queens and their production of offspring in colony B of Anochetus shohki.
All dates were in 2022.

Date Workers Queens Eggs Larvae Pupae
22 June (day 1) 17 0 0 0 5
13 July (day 22) NA 1 0 0 0
25 July (day 34) NA 4 0 0 0
29 July (day 38) NA 5* 0 0 0
6 August (day 46) NA 4 1 0 0
1 September (day 72) NA 4 >15 3 0
10 October (day 111) 8 3 NA NA NA
6 November (day 138) 10† 0 3 9 16

*	 One alate queen was fixed (Fig. 1A). † All of these workers were parthenogenetically produced by an uninsemi-
nated dealate queen (or queens).
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Fig. 1. Alate queen and worker of A. shohki. Lateral (A) and dorsal (B) views of an alate queen just after eclo-
sion. Lateral (C) and dorsal (D) views of a worker produced by an unmated queen. Although the body color of 
newly eclosed queens was pale, it became darker, similar to that of workers, within a few weeks. T1 indicates the 
pronotum. Scale bars: 1 mm.

Fig. 2. Ovary of an unmated queen in A. shohki. This ovary was composed of six ovarioles with one mature 
oocyte (mo). A spermatheca is indicated by an arrowhead and enlarged in the inset image. Scale bar: 500 µm.

RESULTS

All five pupae originally found in colony B eclosed 
into alate queens between day 22 and 38 (Table 
1). Their thoraces exhibited typical characteristics 
of non-claustral foundresses (Keller et al., 2014), 
with an enlarged pronotum (T1) resembling that 
of workers (Fig. 1). One of the queens was fixed 
in 70% ethanol (Figs. 1A, B), whereas the others 
were kept in their colony, where they shed their 
wings within a few days. The first egg was found 

on day 46, and more than 15 eggs were found on 
day 72. Given that males were not present during 
this period, the queens remained unmated.
	 To determine the egg layers, two dealate 
queens, five field-collected workers, and three 
newly eclosed workers were dissected and ex-
amined their reproductive status. All eight work-
ers lacked ovaries, whereas both queens had six 
ovarioles (3 + 3) with one or two mature oocytes 
but no apparent yellow bodies (Fig. 2). The sper-
mathecae of the queens were empty (Fig. 2). Ad-
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ditionally, three live workers in colony A lacked 
ovaries. These results indicate that the egg layers 
were dealate queens. Then, all broods produced 
from day 46 onward in colony B developed into 
workers (Figs. 1C, D).

DISCUSSION

The present study indicates that unmated dealate 
queens of A. shohki can parthenogenetically pro-
duce workers, at least, in an orphan colony. Failure 
to observe the yellow bodies could be attributed to 
the relatively brief duration (approximately three 
months) during which the queens were laying eggs. 
This study represents the first report of thelytokous 
parthenogenesis not only in Anochetus but also in 
Ponerini, the major tribe that includes >95% of 
Ponerinae species (taxonomy based on the AntCat 
2023: https://antcat.org/catalog/430052), and the 
second report in Ponerinae after Heinze & Höll-
dobler (1995) described thelytoky in Platythyrea 
punctata, which belongs to the tribe Platythyreini. 
However, because no queen-right colonies were 
found in the field, it remains unknown whether 
the reproduction of alate queens is via obligatory 
thelytoky or is mainly sexual but with facultative 
thelytoky.
	 In contrast to previous reports on alate 
queens, no males were found in any habitat of A. 
shohki (Terayama, 1996; Hisasue et al., 2019), 
providing circumstantial evidence that dealate 
queens in this species may reproduce thelytok-
ously. Males have been reported in 26 Anochetus 
species (Brown, W. L., 1978; Torres et al., 2000; 
Kugler & Ionescu, 2007; Fisher & Smith, 2008; 
Satria et al., 2017; Chen et al., 2019). Although 
occasional male production has been observed in 
two other thelytokous ants, Ooceraea biroi (Kro-
nauer et al., 2012) and Pristomyrmex punctatus 
(Itow et al., 1984; Yamada & Eguchi, 2016), many 
reports on Anochetus males suggest that sexual 
reproduction is more common than thelytokous 
reproduction in this genus (Torres et al., 2000).
	 Thelytokous parthenogenesis in ants is 
classified into three types: (i) unmated workers 
producing workers by thelytoky, (ii) mated queens 
producing workers sexually but new queens by 
thelytoky, and (iii) queens producing sterile work-
ers and new queens by thelytoky (Himler et al., 

2009). The results of the present study support 
the third type of thelytoky in A. shohki. Thelytoky 
in P. punctata, where workers produce workers 
parthenogenetically (Heinze & Hölldobler, 1995), 
corresponds to type (i). Therefore, A. shohki is 
suspected to be the first case of type (iii) thelytoky 
in the subfamily Ponerinae. However, whether 
thelytoky occurs in field-collected colonies and/
or is limited to the Yonaguni population remain 
unknown. Further studies investigating the repro-
ductive strategy of A. shohki using queen-right 
colonies collected from Yonaguni Island as well as 
other islands would help fill these knowledge gaps 
and contribute to our understanding of reproduc-
tion in Anochetus species.
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