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 Nepomorpha, commonly known as aquatic 
bugs, is an infraorder of Heteroptera, comprising 
13 families with about 2,400 species distributed 
on all continents except Antarctica (Schuh and 
Slater 1995; Polhemus and Polhemus 2008; Ye et al.  
2020). Problems persist in the higher-level phylogeny 
of Heteroptera, and the phylogenetic position of 
Nepomorpha remains uncertain. Accordingly, the 
following groups have been proposed as sister group 
candidates of Nepomorpha: the remaining heteropteran 
infraorders (e.g., Mahner 1993; Weirauch and Schuh 2011; 
Weirauch et al. 2018; De Moya 2019), Cimicomorpha (Li 
et al. 2012), Pentatomomorpha + Cimicomorpha (Song 
et al. 2024), Leptopodomorpha + (Pentatomomorpha + 
Cimicomorpha) (Wheeler et al. 1993; Johnson et al. 2018), 
Leptopodomorpha + ((Gerromorpha + Dipsocoromorpha) 
+ (Pentatomomorpha + Cimicomorpha)) (Xie et al. 
2008), and (Enicocephalomorpha + Dipsocoromorpha) + 
Gerromorpha (Kieran et al. 2019).
 Aphelocheiridae is a family of Nepomorpha 
distributed worldwide except in the Americas and 
Antarctica, comprising one genus, two subgenera, 
and 106 species (Schuh and Slater 1995; Zettel and 
Rattanachan 2020). Aphelocheirid nymphs and adults 
possess a plastron respiratory system that allows them 
to complete their entire life underwater (Polhemus 
and Polhemus 1988). �e phylogenetic position of 
Aphelocheiridae within Nepomorpha has been debated 
based on molecular and morphological data, but it 
remains to be unresolved. Proposed sister groups 
include Naucoridae (e.g., Popov 1971; Mahner 1993; 
Hua et al. 2009), Potamocoridae (e.g., Hebsgaard and 
Damgaard 2004; Ye et al. 2020; Xian et al. 2025), and 
Notonectidae + (Pleidae + Helotrephidae) (Rieger 
1976). Comparative embryology represents a promising 

approach for reconstructing the groundplan of a 
group and discussing the phylogenetic issues (e.g., 
Machida 2006; Fujita and Machida 2017; Mtow 
and Machida 2018; Shimizu and Machida 2024). 
However, information on embryonic development 
in Aphelocheiridae is totally lacking, except for brief 
descriptions of the egg (Ussing 1910; Larsén 1927; 
Messner and Adis 1999). On this background, we have 
started an embryological study of Aphelocheiridae, 
using the Japanese species Aphelocheirus vittatus 
Matsumura, 1905. In the present note, we examine and 
describe the egg structure of A. vittatus with scanning 
electron microscopy and report new observations on its 
external morphology.

 On March 31 and May 12, 2024, and April 18, 2025, 
adults of A. vittatus were collected from the Akazu 
River, Wakamiya, Seto, Aichi, Japan. �ey were reared 
in plastic containers (22.5 cm × 14.5 cm × 12.5 cm) 
�lled with tap water. �e container bottoms were lined 
with gravel and stones, on which �ltration (Roka Boy 
S, GEX, Osaka, Japan) and aeration (e–AIR 1000SB, 
GEX, Osaka, Japan) equipments were installed. Insects 
were fed on frozen bloodworms. Eggs deposited by 
females were cleaned with an ultrasonic cleaner (USC–
2, Iuchi Seieido, Osaka, Japan) for 5 min, punctured 
with a �ne tungsten needle in Ephrussi–Beadle solution 
(0.75% NaCl, 0.035% KCl, 0.021% CaCl2), �xed with 
Kahle’s �xative (ethyl alcohol : formalin : acetic acid : 
distilled water = 15 : 6 : 2 : 30) for 24 h, and stored in 
70% ethyl alcohol at room temperature. Fixed eggs 
were then post�xed with 1% OsO4 for 1 h, dehydrated 
through a graded ethyl alcohol series and 1,1,1,3,3,3-he
xamethyldisilazane (HMDS), air-dried, mounted 
on stubs, coated with platinum using an ion sputter 
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(JEC–3000PC, JEOL, Tokyo, Japan), and observed 
under a scanning electron microscope (SEM; JSM–
IT100, JEOL, Tokyo, Japan) at an accelerating voltage 
of 10 kV. To prevent shrinkage or deformation during 
dehydration, some eggs were processed with the nano-
suit method following Fujita et al. (2016) and Nomura 
(2018): �xed eggs were immersed in a nano-suit 
solution for �xed specimens [ethyl alcohol : glycerin 
: polyoxyethylenesorbitan monolaurate (Tween 20) 
= 74 : 25 : 1] for 1 h, briefly blotted on dry filter paper, 
mounted on stubs, and observed under the SEM.  

 Females of A. vittatus lay eggs on stones in rearing 
containers. In the present study, egg orientation in A. 
vittatus is de�ned as follows: 1) the anterior is where the 
micropyle exists, and the posterior is its opposite; 2) the 
ventral is where the egg faces the substratum (stones), 
and the dorsal is the opposite.
 Eggs of A. vittatus are ellipsoidal, with long and 
short diameters of about 1.2 mm and about 0.5 mm, 
respectively (Fig. 1A, B), and pale yellow immediately 
a�er oviposition. �e egg surface shows a honeycomb 
pattern formed by chorionic ridges (Fig. 1A–D). Each 
honeycomb unit contains about 20–30 aeropyles 

(Fig. 1C). A micropylar process approximately 25 μm 
in diameter and about 5 μm height is present at the 
anterior pole of the egg, and a micropyle opens at its 
center; the honeycomb pattern is poorly developed 
around this region (Fig. 1D). A translucent, jelly-like 
adhesive substance covers the ventral surface of the egg 
(Fig. 1A, B).

 �e egg structure of Aphelocheiridae has 
previously been described only for Aphelocheirus 
aestivalis (Ussing 1910, described as Aphelocheirus 
montandoni; Larsén 1927; Messner and Adis 1999). 
Available information, which is based on light and/or 
scanning electron microscopy, remains fragmentary. 
In the present study, we examined the external egg 
morphology of A. vittatus for the �rst time and found 
no substantial di�erences between the A. vittatus 
eggs and A. aestivalis eggs. �e egg structure of 
Aphelocheiridae can be characterized as (the feature 
newly found this time indicated in italics): 1) ellipsoidal 
in shape and pale yellow in color; 2) honeycomb surface 
pattern; 3) numerous aeropyles on the chorion; 4) a 
micropylar process at the anterior pole of the egg with a 
single micropyle; 5) a jelly-like adhesive substance on the 

Fig. 1 SEMs of eggs of Aphelocheirus vittatus. A. Egg, dorsal view, anterior to the le�, nano-suit method. B. Egg, lateral view, anterior 
to the le�, conventional method. C. Enlargement of the ventral surface of the egg, conventional method. D. Anterior pole, 
conventional method. Ae: aeropyle, AS: adhesive substance, Mp: micropyle, MpP: micropylar process. Bars = A, B: 200 μm; C, 
D: 50 μm. 
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ventral surface of the egg. 
 While currently premature to infer the 
phylogenetic a�nity of Aphelocheiridae within 
Nepomorpha, the information on the micropyles 
would be interesting. First, the eggs of Naucoridae 
possess multiple micropyles near the anterior pole, 
e.g., at least �ve in Ambrysus sp. (Cobben 1968), four in 
Naucoris maculatus (Poisson 1933), and three or four 
in Ilyocoris cimicoides (Poisson 1933; Cobben 1968), 
while lacking a micropylar process: these features di�er 
from those observed in Aphelocheiridae. Second, the 
egg of Potamocoris kleerekoperi (Potamocoridae) bears 
a single micropyle at the anterior pole of the egg with 
mucous projections nearby (Cobben 1968, described 
as Coleopterocoris kleerekoperi), which may suggest a 
similarity to Aphelocheiridae in terms of the micropyle. 
To improve our understanding of the egg structures of 
Aphelocheiridae and Nepomorpha and to reconstruct 
their groundplan, additional data on egg structure, 
especially ultrastructural data from various lineages, are 
needed.
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