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Abstract. The paper provides original data on the duration of each instar
period, growth dynamics, and morphometric characteristics of the preimaginal
development up to the adult stage in Molipteryx fuliginosa (Uhler, 1860).
The data were obtained by observations under natural and close-to-natural
conditions in the South of the Russian Far East. Nymphal instars in M.
fuliginosa have the following duration (days): 5-7 (m = 6.0 £ 0.87) (instar
I); 13-16 (m = 14.5 + 1.19) (II); 7-8 (m = m=7.5 + 0.54) (III); 11-23 (m =
16.6 £ 3.93) (IV); and 19-38 (m = 27.9 £ 5.96) (V). With each molt, nymphs
grow in size. The increases in body length and width are quite proportional
at all the stages and account for 1.2—1.5 times. In instar II nymph, before
the emergence of wing buds, these values are slightly higher: 1.5-fold and
1.4-fold in length and width respectively. The same is observed in instar V
during the formation of sex differences: the body length increases 1.3-fold
in & and 1.5-fold in ¢. In the longest stage of development, the width of &
increases 1.2-fold, while the width of Q increases 1.4-fold. In middle-instar
(III) nymph, the body growth rate is lower than in instar II. This period is
marked by the development of the externally visible distinguishing traits of
instar III nymphs — the tips of wing pads and the elytral buds. In older
nymphs (stages IV and V), the duration of development extends again. The
development of wing pads continues, and the sex differences are formed.
The ratio of the body lengths of the nymphs relative to the adult body length
(A, assumed to be 1) is as follows: I: IL: IIL: IV: V: A = 0.2: 0.3: 0.4: 0.6: 0.8:
1. A comparative analysis of developmental patterns in the leaf-footed bug
Molipteryx fuliginosa (Uhler, 1860) and the Far Eastern subspecies of the
dock bug Coreus marginatus orientalis (Kiritshenko) (Heteroptera, Coreidae)
in the South of Primorsky Territory has shown that the transition from
nymph to imago lasts 40—45 days in C. m. orientalis and 55-83 days in M.
fuliginosa. The average duration of instar I stage of the two species is similar.
However, M. fuliginosa nymphs develop more slowly from instar II to V
than C. m. orientalis nymphs by 4, 3, 11, and 13 days, respectively.

Copyright: © The Authors (2021).
Published by Herzen State Pedagogical
University of Russia. Open access under
CC BY-NC License 4.0.
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Introduction

. BAapuBocTOK, Poccust

Annomauyus. TIpUBOASTCS OPUTVHAADBHBIE AQHHBIE TPOAOAXKUTEABHOCTU
Pa3BUTHSI K&KAOTO AMYMHOYHOTO BO3PACTa, AMHAMUKY POCTA I MOPPOMETPUIECKIIX
[OKa3aTeAel! IperMarnHaAbHbIX Gas3 Ao umaro Molipteryx fuliginosa (Uhler
1860), ToAy4YeHHbIE HA OCHOBE HAOAIOAEHWIT B €CTECTBEHHBIX U TPUOAVKEHHBIX
K eCTeCTBEHHBIM YCAOBIIX Ha Iore AaabHero Boctoka Poccu. ITpopoAKuTeABHOCTD
BpeMeHM Pa3BUTHsI AMMMHOK M. fuliginosa (AHu) COCTaBAsIET COOTBETCTBEHHO:
5-7 (m = 6,0 + 0,87) (Bospacr I); 13-16 (m = 14,5 + 1,19) (II); 7-8 (m = 7,5 +
0,54) (III); 11-23 (m = 16,6 + 3,93) (IV); 19-38 (m = 27,9 £ 5,96) (V). C kaxxa0i1
AVIHBKOJ AMYVMHKU YBEAMUMBAIOTCA B pa3Mepax. VIHTeHCMBHOCTD pOCTa TeAaa
B AAVIHY U IMIVPYHY Ha BCEX CTAAVSIX IIPOUCXOAUT AOBOABHO IIPOTIIOPLIIOHAABHO,
B 1,2-1,5 pa3a. ¥ anunuku Il BospacTa nepea nosiBA€HeM 3a4aTKOB KPbIAbEB
ST 3HAUEHNA HECKOADBKO BBIIIE: AAMHA YBeAndnBaeTcs B 1,5 pasa, mmpuHa B
1,4 pasa. To ke HabAOA2eTCst B V BO3PACTHON CTaAuu, ipu popMupoBaHun
MOAOBBIX Pa3AMUMil: AAMHA TeAa & pacTéT B 1,3 pasa, y ¢ B 1,5 pasa. lllupuua
J yBeanuuBaetcs B 1,2 pasa, ay @ B 1,4 pasa, pu CaMOM MPOAOAKUTEABHOM
cpoke pasButus. Y AnduHku cpeaHero Bospacra (I1I) uHTeHcuBHOCTD pocTa
TeAa HIDKe, YeM y AndMHKH 1] BodpacTa, B 3TOT nepuop GopMuUpyIoTCs BHELIIHE
BUAVMbBIE OTAMUUTEAbHBIE NPU3HaKMU AMYMHOK III Bo3pacTa — BeplunHbl
KPBIAOBBIX YEXAMKOB U 3249aTKV HAAKPBIAUIL. Y AUMMHOK cTapimx craauit (IV
1 V) IPOAOAKUTEABHOCTD Pa3BUTHUS TAK)XKe YBEAUUMBAETCS, IPOAOAXKAETCS
PpasBUTME KPBIAOBBIX YEXAMKOB Y POPMUPYIOTCS TIOAOBBIE padanymsi. OTHOLIEHYe
AAVIHBI TeAa HUMG K AAMHE TeAa B3pOCAOU 0cobu (A, mpuHsiTOe paBHbIM 1)
caepytomee: L II: ITIT: TV: Vi A = 0,2: 0,3: 0,4: 0,6: 0,8: 1. CpaBHUTEABHBI AaHAAN3
0COOEeHHOCTEN pasBUTHUS B YCAOBUSIX ora IIpumopckoro kpast Molipteryx
fuliginosa (Uhler) n AaAbHEBOCTOYHOTO IIOABUAQ IjaBeAeBOro Kaoma — Coreus
marginatus orientalis (Kiritshenko) (Heteroptera, Coreidae) mokasaa, uro
pasButue AnunHOK C. m. orientalis Ao uMaro ykaapbiBaetcs B 40—45 AHelr,
M. fuliginosa — B 55—83 Atst. TIpu 5TOM CpeaHIe TIOKa3aTeAN IPOAOAKUTEABHOCTI
pasButys I craany cpaBHUBaeMbIX BUAOB COBITAAAIOT. AMMMHKY OT BTOPOI AO
iTovt craauu M. fuliginosa pazBuBatoTcst MeaseHHee, ueM C. m. orientalis — Ha
4, 3,11 u 13 AHEN COOTBETCTBEHHO.

Karouesvte crosa: Heteroptera, Coreidae, Molipteryx fuliginosa,
HpenMarrHaAbHble CTaAUY, IOBEHUABHAS AMHAMUKA, AUYMHKY, UMAro, AaAbHMUI
Bocrok Poccum.

the Oriental region (Aukema, Rieger 2006;
Aukema et al. 2013). It is relatively new to the

Leaf-footed bugs (Coreidae) are phy-
tophages, of which some are known as signifi-
cant agricultural pests (Puchkov 1972, etc.).
Molipteryx fuliginosa (Uhler 1860) is one
of the four species of the genus Molipteryx
(Kiritishenko, 1916) from the family Coreidae
distributed in the southeastern Palearctic and
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fauna of Russia, being the only representa-
tive of its genus recorded from here. To date,
data on the distribution of M. fuliginosa in
the Russian Far East have been summarized,
its biotopic distribution has been described,
and preliminary information on feeding in
the South of Primorsky Territory has been
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provided (Kerzhner, Kanyukova 1998; Kanyu-
kova, Vinokurov 2009; Vinokurov et al. 2010;
Kanyukova 2012; Kanyukova, Ostapenko
2013; Markova, Maslov, Repsh, Ogorodnikov
2016; Markova, Maslov, Repsh 2016; Aistova
etal. 2019; Markova et al. 2019; Markova, Ma-
slov 2020).

The developmental cycle of M. fuliginosa
was studied for one season under laboratory
conditions in South Korea (Park 1996). This
squash bug was found to have one generation
per year, from early May to late September,
and an overwinter period in the imago stage.
However, there is a lack of information in the
literature about the morphometric character-
istics of its preimaginal stages and the dynam-
ics of body size growth during development.
No studies on morphometry of other species
of this genus commonly distributed in the
eastern Palearctic have been carried out be-
fore.

We have studied the morphology of pre-
imaginal stages, published the descriptions
of eggs and five nymphal instars, described
the reproductive behavior of imago, the fe-
male behavior and oviposition stages of M.
fuliginosa in Primorsky Territory (Markova,
Kanyukova et al. 2017; Markova, Maslov et al.
2017).

The goal of the present study is to assess
the duration of each nymphal instar and varia-
tions in proportions and rates of body growth
in length and width during the preimaginal
stages in M. fuliginosa under natural condi-
tions in the South of the Russian Far East.

Material and methods

The material for the work was the authors’
own collections made in the Ussuriysky Ur-
ban Settlement and Chuguyevsky District,
Primorsky Territory, from April to October
in 2015-2020. Simultaneous observations
were conducted in natural habitats; in paral-
lel, some of the bugs were kept in stationary
and portable cages under the conditions close
to natural (Markova, Kanyukova et al. 2017;
Markova, Maslov et al. 2017; Markova et al.
2018) (Fig. 1). The studies started with the
emergence of overwintered imagoes in spring

Amurian Zoological Journal, 2021, vol. XIII, no. 4

and the onset of oviposition, after which the
imagoes were removed. The eggs were left
in the stationary cages until instar I nymphs
hatched and the subsequent stages were ob-
served until molting to imago.

Imagoes were also reared from instar III-
IV nymphs collected in the wild. We exam-
ined more than 50 specimens to assess the
duration of each instar development.

We measured the growth dynamics in in-
star [-V nymphs by their sequential measure-
ments with an interval of 1-4 days. To do this,
live nymphs were placed on a sheet of 1 mm
grid paper, oriented along the grid lines, and
photographed. The images were processed in
the FastStone Image Viewer. The following
size parameters were measured: the length
and width of the body and the head capsule
with eyes. The measurement date and the
timing of development of each nymphal instar
were recorded. To provide higher accuracy
of data, specimens that had been euthanized
shortly before and had not yet lost their shape
and color were measured simultaneously. The
body length was measured in a natural posi-
tion, without compression along the body
midline, from clypeus to the abdomen tip.
The body width was measured at the level of
abdomen, in its widest part. Some specimens
were fixed in 75% alcohol for further study,
but most of the hatched nymphs were placed
in cages where they continued their develop-
ment. The number of measured specimens
for each stage was more than 20; deformed
specimens were not considered. In total, we
measured more than 50 imagoes, both reared
and collected in the wild.

The body length of nymphs of any species
may somewhat vary within the same stage,
depending on body condition and proximity
to molting to the next stage (Puchkov, Puchk-
ova 1956). The body width also varies greatly.
To obtain more accurate data, we made three
measurements of each specimen during their
development and calculated mean values. The
following abbreviations are used in the re-
port: (m+) mean value and mean squared de-
viation; (n) number of measured specimens;
(I-V) instar I-V nymphs; & male; ¢ female.
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Fig. 1. A — a mesh netting covering a raspberry bush (Rubus idaeus L.) with nymphs of the squash
bug Molipteryx fuliginosa; B — imago of M. fuliginosa; C — nymphal molt in M. fuliginosa: instar 11
nymph emerging from the exuviae; D — M. fuliginosa instar III nymph (photos by M. V. Maslov)

Puc. 1. A — cap0K, OKPbIBAIOLINI LieAble KYCTbI MaAUHBI (Rubus idaeus L.) c AvunHkamu Kaoma Mo-
lipteryx fuliginosa; B — umaro M. fuliginosa; C — aunbka AmauHku M. fuliginosa: BpICBOOOXKAEHME

anunHku I Bospacra ot ak3yBust; D — anmunnka M. fuliginosa 111 BospacTa (poto M. B. Macaos)

The growth dynamics of instar I-V nymphs
is shown in Fig. 2. Morphometric parameters
of M. fuliginosa nymphs and imagoes are pro-
vided in Table 1.

Results and discussion

After hatching from eggs, M. fuliginosa
passes through five nymphal instars in their
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development, with their total duration co-
inciding in time with the summer months
(Markova, Kanyukova 2017). The develop-
ment of instar I nymph in cage lasts from 5
to 7 days, with an average of 6 days (n = 50).
In this period of time, the nymph body length
and width increase on average 1.2-fold. The
growth rate of instar I nymph in length is

https://www.doi.org/10.33910/2686-9519-2021-13-4-471-479
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Fig. 2. Growth dynamics of M. fuliginosa nymphs (mean length; width at abdomen level, mm). A — in
instar I from June 16 to July 1, 2015; B — in instar II from June 23 to July 16, 2015; C — in instar III
from July 10 to July 25, 2015; D — in instar IV from July 19 to August 12, 2015; E — in instar V (A
from August 4 to September 10, 2015; F — in instar V (9) from August 4 to September 10, 2015.
Puc. 2. Aunamuka pocta AMIMHOK M. fuliginosa (CpepAHsIst AAVHA; LIMPYHA HA YPOBHE OPIOLIKA, MM).
A — A I B mepuop 16.06.2015—01.07.2015; B — A 1I B mepuop 23.06.2015—16.07.2015; C — A Ill B
nepuop 10.07.2015—25.07.2015; D — A IV B nepuop, 19.07.2015—12.08.2015; E — A V (3 B nmepmop
04.08.2015—10.09.2015; F — A V (?) B mepunop 04.08.2015—10.09.2015

most pronounced from day 3 to 5; the abdo-
men width increases more evenly throughout
this period (Fig. 2A). The head length and
width are equal at this stage (Table 1).

During the molt and transition from in-
star I to II, the body length increases by 0.3
+0.05 mm and the abdomen width by 0.1 +
0.05 mm (n = 20) (Figs. 2A—B). The devel-
opment in instar II lasts from 13 to 16 days,
with an average of 14.5 days (n = 50). In this
time interval, the body length increases 1.5-
fold, with the growth rate being more uniform

Amurian Zoological Journal, 2021, vol. XIII, no. 4

throughout this period (Fig. 2B). The abdo-
men width increases 1.4-fold; in the first 10
days, the growth rate is lower than in the fol-
lowing days. The head length to width ratio at
this stage is 1:1.3 (Table 1).

In nymph molting from instar II to III, the
body length increases by 0.8 + 0.05 mm, the
abdomen width by 0.4 + 0.07 mm (n = 20)
(Figs. 2B—C). The development in instar III
lasts from 7 to 8 days, with an average of 7.5
days (n = 50). The body length and width grow
almost synchronously. The body length in-
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Table 1
Morphometric characteristics of nymphs and imago of Molipteryx fuliginosa
TabAuna 1
MopdomeTpuueckne nmokasareAu AMMUHOK u umaro Molipteryx fuliginosa

Instar Size, mm

Body Head

Length Width Length Width
I 4.0-5.1 2.0-2.7 1.0-1.1 1.0-1.1
(n=50) m =4.5+0.44 m=24+0.24 m = 1.0 + 0.05 m = 1.0 + 0.04
II 5.0-7.9 2.6-3.8 1.0-1.2 1.2-1.4
(n = 50) m=6.5+1.31 m = 3.3 £ 0.52 m = 1.0 £ 0.07 m = 1.3 £ 0.06
11 8.3-10.3 4.0-5.3 14-1.6 14-1.6
(n = 50) m =94+ 0.89 m = 4.7 + 0.54 m = 1.5+ 0,07 m = 1.5+ 0.07
v 11.3-14.2 5.2-7.3 1.5-1.6 1.9-2.1
(n=50) m=127+137 |m=6.3+0.93 m = 1.5 + 0.05 m = 2.0 £ 0.08
\Y 415.2-21.0 37.4-9.5 31.9-2.1 32.1-2.4
3 (n=25) m=174 £2.23 |m=8.3+0.91 m = 2.0 £ 0.06 m = 2.3 £ 0.09
Q (n = 25) Q 14.4-22.0 ©7.5-11.0 ©1.8-1.9 024-25

m=179+35 m=89+14 m = 1.8 £ 0.05 m = 2.5 + 0.05
Imago & d 20.0-25.0 4 9.1-11.0 d2.0-2.1 3 2.7-2.9
(n =25) m=21.6+119 |m=95+0.55 m=2.1%0.05 m = 2.8 £0.09
Q (n = 25) Q 23.0-25.0 Q 11.0-13.0 0 1.8-1.9 0 2.6-2.8

m=236+076 m=11.8+0.69 |m=1.9+0.05 m = 2.7 % 0.07

creases 1.2-fold; the growth rate is high with-
in the first 7 days, and subsequently stabilizes
(Fig. 2C). The abdomen width increases 1.3-
fold; the rate of width increase is high within
the first 7 days. The head length and width at
this stage are again equal (Table 1). Instar III
nymph acquires a trait that distinguishes it
from the two younger stages: the distinct ely-
tral buds appear on the sides of the posterior
edge of mesonotum.

In nymph molting from instar III to IV,
the body length increases by 0.2 + 0.05
mm (n = 20) (Figs. 2C-D). The development
in instar IV lasts from 11 to 23 days, with an
average of 16.6 days (n = 50). The increases in
length and width show high rates throughout
this period and occur almost synchronously
(Fig. 2D). The body length increases 1.2-fold;
the abdomen width, 1.3-fold. The head length
to width ratio at this stage is 1.5:2 (Table 1).
The tips of the elytral buds in instar IV extend
beyond the middle of tergite Il and cover most
of the wing pads.

In nymph molting from instar IV to V,
sexual dimorphism becomes pronounced. In
males, the body length increases by 1.2 + 0.05
mm; the abdomen width, by 0.3 + 0.04 mm
(Figs. 2D-E). In females, the body length in-
creases by 0.5 + 0.05 mm; the abdomen width,
by 0.4 + 0.04 mm (n = 20) (Figs. 2D, F). The
development in instar V is the longest, lasting
from 19 to 38, on average 27.9 days (n = 50).
The increases in body length and width are al-
most synchronous. In males, the body length
increases 1.3-fold, with the growth rate be-
ing highest from day 1 to 5 and from day 12
to 24. The abdomen width in males increases
1.2-fold, with the growth rate being relative-
ly uniform throughout this period (Fig. 2E).
Females grow more intensively; their body
length increases 1.5-fold; the growth rate is
higher from day 3 to 7 and from day 24 to 31
(Fig. 2F). The increase in the abdomen width
of females is also more intensive, 1.4-fold, and
becomes more pronounced from day 3 to 7
and from day 24 to 31. The head length to
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width ratio in instar V is 2:2.3; the head width
grows faster than length by the end of devel-
opment (Table 1). The elytral buds in instar
V completely cover the wing pads, their tips
extending beyond the middle of tergite II1.

In male nymphs molting from instar V to ima-
go, the body length increases by 1.8 + 0.49 mm;
the abdomen width, by 0.3 + 0.19 mm (n=20).
In females, the body length increases by 2.0 +
0.62 mm; the abdomen width, by 1.1 £ 0.2 mm
(n = 20).

Thus, the body length of the imagoes reared
in cages was 21.4 + 0.93 mm (J) (n = 20) and
23.3 + 0.44 mm (?) (n = 20). In the imagoes
collected in the wild, the body length was
greater in some cases and reached 25 mm
(39) (Table 1). The body width of the ima-
goes grown in cages was 9.5 + 0.26 mm (&)
(n =20) and 11.4 + 0.49 mm (9) (n = 20). In
the imagoes collected in the wild, the body
width was also greater and reached 11.0 mm
(3) and 13.0 mm (Q) (Table 1).

In general, the ratio of the body lengths of
the nymphs relative to the adult body length
(A, assumed to be 1) is as follows: I: II: IIL: IV:
V: A =0.2:0.3:04: 0.6: 0.8: 1 (n = 300). This
data agrees with Putshkov’s conclusions about
the nymph to imago body length ratios in bugs
of the family Lygaeidae (Putshkov 1958).

The head length and width of nymph are
the most conservative parameters (Putshkov,
Putshkova 1956). After shedding nymphal
skin at any instar stage, nymph has a head
of constant size which does not vary during
the subsequent development throughout this
stage. Our data has shown that the head length
and width are equal in early-instar nymphs of
M. fuliginosa, whereas in the older stages the
head width increases faster than its length by
the end of the stage development.

With each molt, nymphs grow in size. The
increase in body length and width at all stages
is quite proportional, 1.2—1.5-fold. In instar
II, before the emergence of wing buds, these
values are slightly higher: the length increases
1.5-fold and the width 1.4-fold. The duration
period of instar II is also extended. The same
is observed in instar V nymphs as sex differ-
ences are formed: the body length increases

Amurian Zoological Journal, 2021, vol. XIII, no. 4

1.3-fold in &' and 1.5-fold in 9. The width in-
creases 1.2-fold in d and 1.4-fold in @ during
the longest development period.

In middle-instar (III) nymphs, the body
growth rate is lower than in instar II. This
period is marked by the development of the
externally visible distinguishing traits of in-
star III nymphs—the tips of wing pads and
the elytral buds. In older instars (IV and V),
the development period is also extended, the
wing pads continue growing, and sex differ-
ences are formed.

It has been found that the imago’s body
length varies from 23 to 23 mm (J) and from
23 to 24 mm (?). The body length of the large
imagoes collected in the wild, in some cases,
reached 25 mm (J'9Q). The width at the ab-
domen level varies from 9.1 to 10.0 mm (&)
and from 11.0 to 12.0 mm (9). The maximum
body width of large imagoes collected in the
wild, in rare cases, reached 11.0 mm (&) and
13.0 mm (in 4'Q).

The duration of development of M. fuligi-
nosa nymphs increases by a certain number
of days with each stage: 5-7 (m = 6.0 + 0.87)
(I); 1316 (m = 14.5 + 1.19) (II); 7-8 (m = 7.5
+0.54) (II1); 11-23 (m = 16.6 + 3.93) (IV); 19—
38 (m = 27.9 £ 5.96) (V).

Earlier, we presented the developmental
patterns of the Far Eastern subspecies of the
Coreus marginatus orientalis (Kiritshenko,
1916) (Heteroptera, Coreidae) in the South
of Primorsky Territory. It was found that the
embryonic period in the species lasts, on av-
erage, 11 days. The nymphal development has
generally the following pattern: instar I,
6 days; instar II, 10—11 days; instar III, 5 days,
instar IV, 6 days; and instar V, 13—-16 days (m
= 15 days). The transition from nymph to ima-
go takes 40—45 days (Markova et al., 2020)

In M. fuliginosa, the nymph to imago tran-
sition lasts 55—83 days. The average durations
of the instar I development in the species un-
der study are similar. However, M. fuliginosa
nymphs develop more slowly from instar II
to V than C. m. orientalis nymphs by 4, 3, 11,
and 13 days, respectively.

The obtained results have a theoretical
and practical value. Thus, the study contri-
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butes to the biology of species of the genus
and the entire family Coreidae. Moreover,
the study outcomes may find practical ap-
plication in the development of plant protec-
tion measures.
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