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Introduction

Plecoptera is a hemimetabolous, polyneopteran order with 
approximately 3,700 described species distributed global-
ly, except for Antarctica (Fochetti & Tierno de Figueroa 
2008; DeWalt & Ower 2019). This order comprises two 
suborders, Antarctoperlaria and Arctoperlaria, including 17 
extant families (e.g., Zwick 2000; DeWalt & Ower 2019; 
South et al. 2021b). The Antarctoperlaria is present only in 
the Southern Hemisphere, containing four families, where-
as the Arctoperlaria, mostly inhabiting the Northern Hem-
isphere, is composed of two subgroups, Euholognatha and 
Systellognatha. Each subgroup contains six and seven fam-
ilies, respectively; recently, a new family, Kathroperlidae, 
comprising only one genus, Kathroperla Banks, has been 
established as a sister group of systellognathan Perloidea 
(= Perlidae + Chloroperlidae + Perlodidae) based on mor-
phological and phylogenomic studies (South et al. 2021b).

Perlodidae is a systellognathan family present mainly 
in the Holarctic region, containing 340 described species, 
and is divided into two subfamilies, Isoperlinae and Per-
lodinae (e.g., Zwick 2000; DeWalt & Ower 2019). Recent 
molecular phylogenetic analyses, including phylogenomic 

studies, support the monophyly of Perlodidae (e.g., Ter-
ry 2004; Letsch et al. 2021; South et al. 2021a), despite 
the lack of defining morphological apomorphies (Zwick 
2000). However, the monophyly of each subfamily is 
supported by morphological evidence based on gills and 
terminal abdominal structures (Zwick 2000), whereas it is 
sometimes obscured according to molecular phylogeneti-
cal studies (e.g., Terry 2004; Letsch et al. 2021; South et 
al. 2021a).

Megaperlodes Yokoyama, Isobe & Yamamoto, 1990, 
belonging to Perlodinae, is a small genus consisting of 
only two species: Megaperlodes niger Yokoyama, Iso-
be & Yamamoto, 1990, which is endemic to Japan, and 
Megaperlodes tiunovi Teslenko, 2015 distributed in Rus-
sian Far East and Korea (Yokoyama et al. 1990; Inada 
et al. 1998; Yoshinari 2001; Murányi & Hwang 2015; 
Teslenko 2015). For these two species, the morphology 
of adults, older nymphs, and egg structures have been de-
scribed (Inada et al. 1998; Shimizu et al. 2005; Teslenko 
2015); information on the biology of M. niger adults are 
also reported (Chino 2011). However, to date, we have 
no data concerning the embryology and earlier nymphal 
stages of these species.
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Abstract
We examined and described the later stages of embryonic development and first instar nymphs of the stonefly Megaperlodes niger 
Yokoyama, Isobe & Yamamoto, 1990 to document its body pigmentation during embryogenesis. Pigmentation commences at the pe-
riphery of egg tooth when the definitive dorsal closure is almost completed. Full-grown embryos have their heads pigmented dark-red, 
the first thoracic segment yellowish in colour, and the posterolateral margin of second and third thoracic segments slightly reddish. The 
colouration of first instar nymphs is almost the same as full-grown embryos, and the lateral margin of the first two abdominal segments is 
pigmented red. Our finding that body pigmentation occurring at M. niger embryogenesis is the first known report of plecopteran embryos 
and hatchlings, contributing to further understanding of the nymphal biology of this species.
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Embryonic development. The egg period is approximately 
330–360 days at 12°C. No data were obtained on the dia-
pause period.

In Stage 10, which is the progression of the defini-
tive dorsal closure, the secondary dorsal organ formed 
on the dorsal side of the head is recognisable, and the 
embryos are unpigmented (Fig. 3). In Stage 11, the de-
finitive dorsal closure almost completes, the compound 
eyes are pigmented red, and a sclerotised, conical-shaped 
egg tooth forms on the frons (Fig. 4). Body pigmentation 
commences at early Stage 11, and the periphery of the egg 

Information on the embryonic development and first 
instar nymphs of Plecoptera can be a potential source of 
phylogenetic information (e.g., Harper 1979; Sephton & 
Hynes 1982; Mtow & Machida 2018; Mtow & Tsutsumi 
2021). However, despite several detailed studies of em-
bryology (e.g., Miller 1939; Kishimoto & Ando 1985; 
Mtow & Machida 2018) and morphology of the first in-
star nymphs (e.g., Harper 1979; Sephton & Hynes 1982; 
Mtow & Tsutsumi 2021), there is no report regarding body 
pigmentation of Plecoptera except for compound eyes: the 
body pigmentation begins in the second instar nymphs ac-
cording to Khoo (1964).

In the present study, we examined and described the 
embryonic development and first instar nymphs of M. ni-
ger for the first time to document its body pigmentation.

Material and Methods

Female Megaperlodes niger was collected from Japan, 
Fukushima, Inawashiro, the Tatsusawa river; 780 m; 
around 37.35.24.000N, 140.13.10.003E; 24 May 2020 
(Figs 1–2). The individual was kept at room temperature 
in a glass case containing tissue paper and fed on Okuwa 
Bari-bari-jelly, i.e., a commercial food for insects. Eggs 
deposited by the female and first instar nymphs were in-
cubated in plastic cases filled with water at 12°C. Then, 
they were fixed with Karnovsky’s fixative [2% paraform-
aldehyde and 2.5% glutaraldehyde in 0.1 M HCl-sodium 
cacodylate buffer (SCB), pH 7.2] for 24 h and stored in 
SCB at 4°C. The following measurements were taken 
from the fixed first instar nymphs: (1) body length (from 
the top of the head to the tip of the abdomen), (2) anten-
nal length, (3) head width, (4) pronotum width, and (5) 
cercus length.

The fixed specimens and living eggs slide-mounted in 
distilled water were examined using an Olympus BX43 
biological microscope and photographed using a Pentax 
K-70 camera. Then, the living eggs were soaked in Kao 
Kitchen Highter, i.e., a commercial bleach, for several 
seconds to remove the anchor plate and decolourise the 
brownish chorion before examination.

The specimens examined in the present study have 
been deposited in the collection of the Faculty of Symbiot-
ic Systems Science, Fukushima University.

Results

Staging used in the description of embryonic development 
of Megaperlodes niger is based on Mtow & Machida’s 
staging (2018, 2021) for the embryogenesis of the scopu-
rid stonefly Scopura montana Maruyama, 1987, dividing 
it into 12 stages. In the present study, only the later stages, 
i.e., Stages 10–12, are mentioned.

Figs 3-7 – Embryonic development and the first instar nymph of Megap-
erlodes niger. 3–6, Embryonic development, Stage 10 (3), Early Stage 11 
(4), Later Stage 11 (5), Stage 12 (6), lateral view, anterior at the top; 7, 
First instar nymph, habitus, dorsal view, anterior third of the left side of 
antenna artificially lacking. Abbreviations: Ab2, second abdominal seg-
ment; An, antenna; Ce, cercus; CE, compound eye; Co, collar; ET, egg 
tooth; F, fat body; H, head; Hg, hindgut; Mg, midgut; MxP, maxillary 
palp; SDO, secondary dorsal organ; Th1–3, first, second, and third tho-
racic segments. Scale bars: 100 µm (Figs 3–6); 500 µm (Fig. 7).

Figs 1-2 – Female adults of Megaperlodes niger. 1, Habitus, dorsal view; 
2, Habitus, ventral view.
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embryos and first instar nymphs, except compound eyes, 
because their body was unpigmented or white in colour 
(Brinck 1949; Khoo 1964; Hynes 1976). In the present 
study, we found that the body pigmentation of Megap-
erlodes niger commences at the later embryonic period, 
and the first instar nymphs of M. niger have a remarkable 
pigmented body. As our findings are based on a limited 
number of hatchlings from eggs laid by one female, more 
comprehensive observations from different individuals 
and populations are required, but at the moment such a 
conspicuous pigmentation would be a singular example 
reported in plecopteran embryos and hatchlings hitherto 
known (e.g., Brinck 1949; Khoo 1964; Hynes 1976; Seph-
ton & Hynes 1982; Mtow & Tsutsumi 2021).

It is notable that such an earlier body pigmentation 
process of M. niger occurs. Considering that pigmenta-
tion is associated with any given species behaviour, im-
munity, life history, physiology, and developmental traits 
(Wittkopp & Beldade 2009), the body pigmentation found 
in M. niger during embryogenesis might be a key to un-
derstanding the biology of nymphal period of this species: 
such kind of body pigmentation pattern might possibly be 
regarded as the cryptic colouration with respect to escape 
from predators (Endler 1976). However, our knowledge of 
bionomics of M. niger is only limited to the physical and 
chemical conditions of streams where the nymphs of this 
species have been collected (Yokoyama et al. 1990; Ina-
da et al. 1998; Yoshinari 2001; Chino 2011). Additionally, 
information on nymphal biology, such as ecology and life 
history of M. niger, is almost entirely lacking due to its 
extremely low population in the field (e.g., Chino 2011; 
Hanada 2016). Furthermore, M. niger has been listed as an 
endangered species in Nagano and Okayama Prefectures 
(Nagano Prefecture 2015; Okayama Prefecture 2020) and 
near-threatened species in Akita Prefecture (Akita Prefec-
ture 2020). To improve our understanding of body pigmen-
tation and the nymphal biology of M. niger further, more 
detailed studies, including embryonic and postembryonic 
studies and field observations, must be conducted.

Another Megaperlodes species, M. tiunovi, has ma-
tured gray-brown nymphs with a pale pattern (Teslenko 
2015), which seems to be similar to other perlodid matured 
nymphs (e.g., Stewart & Stark 1984; Shimizu et al. 2005; 
Teslenko & Zhiltzova 2006). However, older nymphs of 
M. niger are different from M. tiunovi, i.e., black with the 
periphery of pronotum yellowish and lateral margin of ab-
dominal segments slightly reddish, which is conspicuous 
among Japanese stonefly nymphs (Inada et al. 1998; Shimi-
zu et al. 2005). Therefore, further studies are required to 
determine whether the pigmentation of M. tiunovi occurs at 
the embryonic period.
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tooth is slightly pigmented (Fig. 4); then, in later Stage 11, 
the head becomes dark-red (Fig. 5). Finally, in Stage 12, 
the embryos acquire the definitive form of the first instar 
nymphs, and head pigmentation further progresses (Fig. 
6). The first thoracic segment is pigmented yellow but 
hardly recognisable due to the brownish chorion (Fig. 6). 
The posterolateral margin of the second and third thoracic 
segments is slightly reddish (Fig. 6).

First instar nymphs. Measurements of first instar nymphs 
are as follows (mean ± SD, µm, n = 5): body length: 1163.6 ± 
26.2; antennal length: 564.4 ± 17.8; head width: 318.9 ± 11.6; 
pronotum width: 305.7 ± 13.1; cercal length: 409.2 ± 20.6.

The first instar nymphs have a slender body that is 
sparsely covered by fine setae, without gill and ocelli, and 
their colouration is almost the same as full-grown embry-
os (Fig. 7). The head is dark-red, prognathous, and sub-
triangular, being wider toward the posterior (Fig. 7). The 
antenna is unpigmented and composed of nine antennom-
eres, slightly shorter than half of the body length (Fig. 7). 
The unpigmented maxillary palp is recognisable from the 
dorsal view (Fig. 7). The first thoracic segment is brightly 
yellowish (Fig. 7). The posterolateral margin of the sec-
ond and third thoracic segments is pigmented red (Fig. 7). 
Thoracic appendages are unpigmented (Fig. 7). Abdomi-
nal segments are unpigmented except the lateral margin of 
the first two segments, which was red (Fig. 7). Cerci are 
unpigmented and four-segmented, longer than one-third of 
body length, with a crown of long and short stout setae on 
the posterior margin of the first three segments; short stout 
setae on the apex of the fourth segment (Fig. 7). 

Fat body, midgut, and hindgut are visible through the 
second- and third thoracic and abdominal targa (Fig. 7).

Discussion

Embryological studies on Plecoptera have been report-
ed from ten arctoperlarian families, i.e., Euholognatha, 
Scopuridae (Mtow & Machida 2018), Taeniopterygidae 
(Khoo 1968b; Mtow & Machida 2018), Leuctridae (Mtow 
& Machida 2018), Capniidae (Kishimoto 1997; Mtow & 
Machida 2018), and Nemouridae (Kishimoto 1997; Mtow 
& Machida 2018), Systellognatha, Pteronarcyidae (Mill-
er 1939), Peltoperlidae (Mtow & Machida 2018), Perli-
dae (Kishimoto 1997; Kishimoto & Ando 1985; Mtow & 
Machida 2018), Chloroperlidae (Kishimoto 1997; Mtow 
& Machida 2018), and Perlodidae (Khoo 1968a; Kishimo-
to 1997; Mtow & Machida 2018). Further, information on 
the first instar nymphs has been reported for 14 families, 
except for antarctoperlarian Diamphipnoidae, arctoperlar-
ian Styloperlidae, and Kathroperlidae (e.g., Helson 1935; 
Miller 1939; Khoo 1964; Berthélemy 1979; Harper 1979; 
Sephton & Hynes 1982; Mtow & Tsutsumi 2021). Howev-
er, no attention has been paid to the body pigmentation of 
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