- ®
A BioOne DIGITAL LIBRARY

Effects of Environmental Factors and Appendage Injury
on the Wing Variation in the Cricket Velarifictorus
ornatus

Authors: Zhao, LU-Quan, and Zhu, Dao-Hong

Source: Journal of Insect Science, 14(117) : 1-9

Published By: Entomological Society of America
URL.: https://doi.org/10.1673/031.014.117

The BioOne Digital Library (https://bioone.org/) provides worldwide distribution for more than 580 journals
and eBooks from BioOne’s community of over 150 nonprofit societies, research institutions, and university
presses in the biological, ecological, and environmental sciences. The BioOne Digital Library encompasses
the flagship aggregation BioOne Complete (https://bioone.org/subscribe), the BioOne Complete Archive
(https://bioone.org/archive), and the BioOne eBooks program offerings ESA eBook Collection
(https://bioone.org/esa-ebooks) and CSIRO Publishing BioSelect Collection (https://bioone.org/csiro-
ebooks).

Your use of this PDF, the BioOne Digital Library, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Digital Library content is strictly limited to personal, educational, and non-commmercial
use. Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne is an innovative nonprofit that sees sustainable scholarly publishing as an inherently collaborative enterprise
connecting authors, nonprofit publishers, academic institutions, research libraries, and research funders in the common
goal of maximizing access to critical research.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 06 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 14 | Article |17 Zhao and Zhu

Journal of Insect Science
wwwinsecisclence org

Effects of environmental factors and appendage injury on the wing
variation in the cricket Velarifictorus ornatus

Li-Quan Zhao'2 and Dao-Hong Zhu!. 2v%

ILaboratory of Insect Behavior & Evolutionary Ecology, Central South University of Forestry and Technology, Changsha, Hunan
410004, China
2Laboratory of Zoology, Hunan First Normal University, Changsha, Hunan 410205, China

Abstract

The effects of environmental factors and appendage injury on the wing variation in Velarifictorus
ornatus (Shiraki) (Orthoptera: Gryllidae) were investigated. The percentage of micropters was
more than 95% when the nymphs were reared at constant photoperiods, and changing photoperi-
od did not affect wing variation in V. ornatus at 25 or 30°C. In the crowding experiment, the
percentage of macropters was only 11.2% when the nymphs were reared separately at 25°C. In
contrast, the percentage of macropters was significantly higher when the rearing density was in-
creased to two nymphs per container and lower when the rearing density was increased to five or
10 nymphs per container. These results indicate that low and high rearing densities induce mi-
cropters, but intermediate rearing density stimulates the formation of macropters. Meanwhile,
severance of appendages, such as antennae, femora, and tibiae, in the nymph stage exerted a mi-
cropterizing effect. The period sensitive to such stresses ranged from 35 to 60 days of nymph
development.
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Introduction

Wing dimorphism, occurring in Orthoptera,
Psocoptera, Thysanoptera, Homoptera, Heter-
optera, Coleoptera, and Hymenoptera, is a
widespread phenomenon in insects (Zera and
Denno 1997). In general, two morphologically
distinct morphs exist: long-winged and short-
winged. The long-winged morph, also called
the macropterous morph, is normally able to
fly, whereas the short-winged morph, often
referred to as the micropterous or brachypter-
ous morph, cannot fly. In some species (such
as aphids), the flightless morph lacks wings
and is called the apterous morph (Tanaka et al.
2001).

Environmental factors, such as crowding, pho-
toperiod, temperature, and food, influence the
proportion of the two wing forms (Zera and
Denno 1997). Macropters are primarily re-
sponsible for escaping deteriorating habitats
and colonizing new ones (Roff 1986, Roff and
Fairbairn 1991). Thus, high crowding, food
shortage, and poor food quality induce the
macropterous morph that can disperse to new
habitats (Dai et al. 1997). For instance, the
incidence of macroptery in Allonemobius so-
cius (Scudder) and Velarifictorus aspersus
(Walker) (Orthoptera: Gryllidae) increased
with increasing density (Olvido et al. 2003,
Zeng et al. 2010). The same was shown for
Dimorphopterus japonicus
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but it increased to 43% when the nymphs
were group reared (Zera and Tiebel 1988).
Furthermore, long-winged forms could be re-
directed to short-winged forms by transferring
nymphs from individual to group rearing as
late as the last nymphal stadium. That means
high density induced more brachypterous
morphs than low density in G. rubens (Zera
and Tiebel 1988). The increased production of
the short-winged phenotype when insects
were reared in groups is unusual. But, there
are no reports that offer explanations for a
brachypterizing effect of group rearing in
wing-dimorphic insects.

In addition to environmental factors, stresses
also affect wing variation in the wing dimor-
phism of insects. For example, removal of a
hind wing pad from late-instar nymphs of
Allonemobius fasciatus (De Geer) (Orthop-
tera: Gryllidae) inhibited the formation of
long-winged adults (Tanaka 1985). Shimizu
and Masaki (1993) reported that severance of
appendages or exposure to heat or cold in the
nymph stage of Dianemobius fascipes (Walk-
er,) (Orthoptera: Gryllidae) exerted a
micropterizing effect.

The cricket Velarifictorus ornatus (Shiraki)
(Orthoptera: Gryllidae) is widespread in China
(Yin and Liu 1995). Adults have either fully
developed wings (macropterous) or reduced

Hidaka (Heteroptera:
Lygaeidae) and FEobiana
engelhardti Uvarov (Or-
thoptera:  Tettigoniidae)
(Sasaki et al. 2002, Nakao
1999). In Gryllus rubens r
Scudder (Orthoptera:
Gryllidae), when  the
nymphs were individually
reared, the incidence of
micropters was only 13%,

A

Figure |. Adults of V. ornatus. From the left, macropterous female, macropterous male,
brachypterous female, and brachypterous male. High quality figures are available online.
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wings (brachypterous) (Fig, 1). Our prelimi-
nary experiments suggested that constant and
changing photoperiods do not affect wing var-
iation. Low and high rearing density induced
micropters, but intermediate rearing density
stimulated the production of macropters. The
purpose of this study was to clarify relation-
ships between each of these environmental
factors and the incidence of macroptery by
climate-controlled experiments and to deter-
mine the effects of various injuries on wing
variation in V. ornatus by means of severance
of appendages in the nymph stage.

Materials and Methods

Insects

The insects were derived from a laboratory
colony originally collected in Zhuzhou (27°
48" N, 113° 12" E), China, in May 2005.
Nymphs and adults were reared according to a
method described by Zhao et al. (2008, 2010).

Effect of photoperiod on wing variation in
V. ornatus

To investigate the effect of different constant
photoperiods on wing variation in V. ornatus,
newly hatched individuals were randomized
and reared at 25°C and a photoperiod of 16:8
(L:D), 14:10 (L:D), or 12:12 (L:D) and at
30°C and a photoperiod of 16:8 (L:D) or
12:12 (L:D). Wing form, according to the
length of hind wings, was checked and rec-
orded every day after adults began to emerge.

The duration of nymph development of V. or-
natus was very long (> 200 days) under
constant photoperiods at 25°C. As shown pre-
viously, it was prolonged further when
nymphs were transferred from long days to
short days, but was shortened significantly in
the reverse transfer (i.e., from short days to
long days) (Zhao et al. 2008). Hence, we de-
signed the following experiments to
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investigate the influence of a changing photo-
period on wing variation in V. ornatus. Newly
hatched nymphs were assigned randomly to
four different types of treatments that varied
in the day length and the timing of the shift.
The short-day photoperiod was 12:12 (L:D),
the intermediate-day photoperiod was 14:10
(L:D), and the long-day photoperiod was 16:8
(L:D). In treatment 1, nymphs were main-
tained at 25°C and subjected to a shift in
photoperiod from relatively shorter to longer
days. The transfer from the short- to long-day
photoperiod was performed after 10, 30, 60,
and 90 days; that from the short- to intermedi-
ate-day photoperiod after 60 days; and that
from the intermediate- to long-day photoperi-
od after 30 and 60 days. In treatment 2,
nymphs were maintained at 25°C and subject-
ed to a shift in photoperiod from relatively
longer to shorter days. The transfer from the
long- to short-day photoperiod was performed
after 30, 60, and 90 days; that from the long-
to intermediate-day photoperiod after 60 days;
and that from the intermediate- to short-day
photoperiod after 30 and 60 days. In treatment
3, nymphs were maintained at 30°C and sub-
jected to a shift in photoperiod from short to
long days after 10, 20, 50, and 80 days. In
treatment 4, nymphs were maintained at 30°C
and subjected to a shift in photoperiod from
long to short days after 10, 30, and 50 days.
All experimental groups were checked daily
for adult emergence, and the short- and long-
winged individuals were recorded.

Effect of rearing density on wing variation
in V. ornatus

The results showed that the incidence of mac-
ropters was very low at 25°C (Table 1). Thus,
the long-winged males were paired with long-
winged females to raise the incidence of mac-
ropters in the offspring. The nymphs (F;
generation) from these adults were used to
elucidate the effect of rearing density on wing

Journal of Insect Science | http://www.insectscience.org

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 06 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 14 | Article 117

(Table 1. Effect of constant photoperiod on the wing
variation in V. ornatus at 25°C and 30°C.

Temperatiire Photoperiod | Short-winged Sample
(L:D) adults (%) size (n)
16:8 95.3 43
25°C 14:10 95.0 20
12:12 100 17
o 16:8 96.9 32
30°C 12:12 100 29

No significant difference was found between the percentages
of short-winged adults at 25°C (P > 0.05; Kruskal-Wallis test)
and between those at 30°C (P > 0.05; Wilcoxon test).

variation in V. ornatus. Newly emerged
nymphs (F; generation) were reared at densi-
ties of one, two, five, and 10 individuals per
container (13.0 x 13.0 x 8.5 cm). The number
of replicates for each density was 40 (one in-
dividual), 20 (two individuals), 10 (five
individuals), and seven (10 individuals). To
shorten the period of nymph development
(Zhao et al. 2008), nymphs were kept first at
25°C and a photoperiod of 12:12 (L:D) for 30
days and then transferred to 25°C and a pho-
toperiod of 16:8 (L:D).

Effect of appendage injury on wing varia-
tion in V. ornatus

Velarifictorus crickets often fight, causing the
loss of appendages. To investigate the rela-
tionship between appendage injury and wing
variation in V. ornatus, newly emerged indi-
viduals were reared singly. After the
development of nymphs to penultimate in-
stars, one antenna or two antennae were cut
using a fine forceps. In other individuals, the
meso-femora, meso-tibiae, or entire middle
legs (below the coxa) were amputated by us-
ing dissecting scissors. The nymphs were
anesthetized on ice to facilitate the operation
and decrease the inflicted sensation. The con-
trol nymphs were only anesthetized without
undergoing any operation. After the operation,
the nymphs were reared singly. They were
reared first at 25°C and a photoperiod of
12:12 (L:D) h for 30 days and then transferred
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to 25°C and a photoperiod of 16: 8 (L:D) to
shorten the period of nymph development
(Zhao et al. 2008). The short- and long-
winged individuals were recorded after adult
emergence. The nymphs used in this experi-
ment were the F; generation reared from long-
winged adults.

Identification of the sensitive phase during
which appendage injury causes wing varia-
tion in V. ornatus

Based on the results obtained in the experi-
ments described before, rearing conditions in
this experiments were 25°C at a photoperiod
of 12:12 (L:D) for 30 days, after which
nymphs were transferred to 25°C at a photo-
period of 16:8 (L:D). At this regime, nymphs
developed to the penultimate instars within 45
days and to the last instars within 60 days. To
identify the sensitive phase during which ap-
pendage injury would cause wing variation,
the middle legs of nymphs were removed dur-
ing cold-anesthesia at 25, 35, 45, and 60 days.
Control nymphs were cold-anesthetized but
not injured. The short- and long-winged indi-
viduals were recorded after adult emergence.
The nymphs used in this experiment were the
F4 generation reared from long-winged adults.

Statistical analysis

Data between more than two groups that
failed the equal variance and normality tests
were subjected to the Kruskal-Wallis test. The
Wilcoxon test was used to compare the data
between two groups. All data were statistical-
ly analyzed wusing SPSS 13.0 (IBM,
www.ibm.com). In all cases, the significance
level o was 0.05.
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(Table 2. Effect of photoperiodic shift from short to long ) . . .
days on the wing variation in V. ornatus at 25°C. cant (P > 0.05; Kruskal-Wallis test; Table 1)'
At 30°C, no obvious differences in the inci-

Photoperiod (L:D) Timing | Short-winged | Sample :
Before shift | After shift | of shift adults (%) size (n) dlell’l:e Of' lecrofptlezryl ;V?EGDO)bSGIZGld6 l;et(vlie]e)r)l
Day 10 846 26 photoperiods o : :D) an : :
12:12 16:8 Day 30 87.7 57 (P > 0.05; Wilcoxon test; Table 1). These re-
gz Zg 9|:)'g Z sults indicate that different constant photoper-
1212 1410 | Day 60 92.7 4 photoperiods did not affect the wing variation
] i Day 30 84.4 32 in V. ornatus.
1410 68 Day 60 91.7 24
No significant difference was found between the percentages of . .
short-winged adults (P > 0.05; Kruskal-Wallis test). The photoperiod naturally changes with sea-

\ J

sonal change; thus, the effect of shifts in
(Table 3. Effect of photoperiodic shift from long to short ) photoperiod on wing variation was investigat-
days on the wing variation in V. ornatus at 25°C. ed. At 25°C, the newly emerged nymphs were

Photoperiod (L:D) Timing | Short-winged | Sample first reared at a photoperiod of 12:12 (L:D) for
Before shift | After shift | of shift adults (%) size (n) 10, 30, 60, and 90 days, before transfer to 16:8
Day 30 100 18 .
e 12:12 Dz %0 100 S (L:D). The percentage of macroptery in these
‘ Day 90 100 19 treated groups was higher than that in the
14:10 | Day 60 100 18 groups held at constant photoperiods. Fur-
14:10 1212 (2230 100 27 thermore, the percentage of macropte
' ' Day 60 100 20 ’ p & - Py
No significant difference was found between the percentages of tended to be related to the timing of the

short-winged adults (P > 0.05; Kruskal-Wallis test). change; the incidence of macroptery increased

when the photoperiod was changed at an early

(Table 4. Effect of photoperiodic shift on the wing varia- ) stage. However, no statistical Signiﬁcance was
tion in V. ornatus at 30°C. .

found (P > 0.05; Kruskal-Wallis test; Table

Photoperiod (L:D) Timing | Short-winged | Sample 2). No mactropterous adults emerged when

Before shift | After shift | of shift adults (%) size (n) h f d f h iod
Day 10 o i nymphs were transferred from a photoperio

12212 68 Day 20 912 57 of 12:12 (L:D) to a photoperiod of 16:8 (L:D)

' ' Day 50 94.0 67 after 90 days (Table 2). All other shifts from

gzz ?g :gg ;'(5) relatively shorter to longer photoperiods

16:8 12:12 Day 30 82.4 17 (within 30 or 60 days) yielded a Slightly high-

Day 30 91.3 23 er percentage of macropterous adults than the

No significant difference was found between the percentages of

short-winged adults (P > 0.05; Kruskal-Wallis test). maintenance of nymphs at constant photoperi-

J ods (Tables 1 and 2). Reverse transfer (from
Results long to short days) yielded 100% short-

winged adults regardless of the timing and
Effect of photoperiod on wing variation in amplitude of the shift in photoperiod (Table
V. ornatus 3). At 30°C, similar results were obtained
All the adults were short-winged individuals  when the photoperiod was changed from short
at 25°C and a photoperiod of 12:12 (L:D) to long days or vice versa; the percentage of
(Table 1). At the same temperature, the per-  short-winged adults ranged from 82.4 to 100%
centage of microptery was 95.0% and 95.3%  with no statistically significant differences (P
at a photoperiod of 14:10(L:D) and > 0.05; Kruskal-Wallis test; Table 4). These
16:8 (L:D), respectively (Table 1). However,  results showed that a shift in photoperiod did
these differences were not statistically signifi-
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Figure 2. Effect of crowding on wing morphs of the cricket V.
ornatus (density = |, n = 27; density = 2, n = 36; density = 5, n =
45; density = 10, n = 64). Bars labeled with the same letters are

60 c
c 45 c
o
B b
) C
o 35
(o]
©
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Figure 4. Effect of middle leg loss on the wing morph of the
cricket V. ornatus. Bars labeled with the same letters are not
significantly different (P > 0.05), whereas bars labeled with dif-
ferent letters are significantly different (P < 0.05; Kruskal-WVallis
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-

not significantly different (P > 0.05), whereas bars labeled with
different letters are significantly different (P < 0.05; Kruskal- L
Wallis test). High quality figures are available online.

test; n = 20-30). High quality figures are available online.

Vs

-

Stress

Figure 3. Effect of stress inflicted by surgical removal of ap-
pendages on the wing morph of the cricket V. ornatus (ML,
middle legs; T, tibiae; F, femora; TA, two antennae; OA, one
antenna; IN, intact). Bars labeled with the same letters are not
significantly different (P > 0.05), whereas bars labeled with dif-
ferent letters are significantly different (P < 0.05; Kruskal-WVallis
test; n = 20-30). High quality figures are available online.
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not affect wing variation in V. ornatus at 25 or
30°C.

Effect of rearing density on wing variation
in V. ornatus

Figure 2 shows the incidence of macroptery at
various rearing densities. This incidence was
11.2% when the nymphs were reared singly.
The percentage of macroptery increased sig-
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nificantly to 29.4% at a density of two
nymphs per container (P < 0.05; Wilcoxon
test; Fig. 2). However, the percentage of mac-
ropterous adults decreased to 20.4% and
16.1% when density was increased to five and
10 nymphs per container, respectively. The
percentages of macropters at these densities
did not differ significantly from those ob-
served when nymphs were held singly or at
two individuals per container (P > 0.05; Krus-
kal-Wallis test; Fig. 2). These results showed
that, compared with single maintenance, a low
density of two individuals per container in-
duced the formation of macropterous adults,
whereas a high density of five or 10 individu-
als per container did not.

Effect of appendage injury on wing varia-

tion in V. ornatus

Figure 3 shows the micropterizing effects of
severed antennae, meso-femora, meso-tibiae,
and entire middle legs inflicted on the penul-
timate nymphal instar. All treatments, except
for the removal of one antenna, suppressed the
development of long wings significantly (P <
0.05; Kruskal-Wallis test, Fig. 2).
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Sensitive phase during which appendage
injury causes wing variation in V. ornatus
The middle legs of nymphs were removed at
25, 35, 45, and 60 days after hatching. When
the operation was performed at 25 days, the
incidence of micropterous adults was similar
to that in non-injured individuals (Fig. 4).
However, when the operations were per-
formed at 35, 45 or 60 days, the incidence of
micropters was significantly higher than that
in non-injured individuals; furthermore, the
incidence of micropters was significantly
higher when the middle legs were removed at
45 and 60 days than when they were removed
at 25 days (P < 0.05; Kruskal-Wallis test; Fig.
4). These results indicate that the penultimate
and last nymphal instars were most sensitive
to injury as indicated by the formation of
short-winged individuals.

Discussion

Various environmental cues, such as crowd-
ing, host plant condition, temperature, and
photoperiod, affect insect wing form (Zera
and Denno 1997). For example, in Cavelerius
saccharivorus Okajima (Heteroptera: Lygae-
idae), more macropters were produced under
long photoperiods, high temperatures, and
high densities than under the opposite condi-
tions (Murai 1975; Fujisaki 1986, 1989). In
Pyrrhocoris sibiricus Kuschakevich (Heterop-
tera: Pyrrhocoridae), high temperature, short
day-length, and moderate crowding were fa-
vorable conditions for macropter production
(Sakashita et al. 1995). In contrast, the wing
form in Pteronemobius taprobansis Walker
(Ortheoptera: Gryllidae) was mainly influ-
enced by photoperiodic change; macropterous
adults were few under constant long-day and
short-day photoperiods (Tanaka et al. 1976).
Thus, the environmental factors responsible
for the production of macropters vary between
species.
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The present results indicate that photoperiod
does not influence the wing form in V. or-
natus. Mostly micropters were produced
under long, intermediate, short, or changing
photoperiods. However, results from studies
on Oxya yezoensis Shiraki (Orthoptera:
Acrididae) (Zhu 2001) and D. japonicus (Sa-
saki et al. 2002) were different, showing that
long photoperiod induced development of
macropters in both species. Wing variation in
the cricket P. taprobanensis was not affected
by constant long- or short-day photoperiods,
but shifts in photoperiod could induce mac-
ropterous forms (Tanaka et al. 1976).
Alexander (1961, 1968) suggested that envi-
ronmental factors, such as high temperature,
high density, and eliminated diapause, short-
ened the nymphal stadium and induced the
production of macropters. Velarifictorus or-
natus overwinter as nymphs, and our results
showed that changing photoperiods accelerat-
ed nymph development but did not promote
the formation of long wings.

The ability to disperse by flight is an im-
portant feature of insects that has played a key
role in their evolutionary success (Roff and
Fairbairn 1991, Wagner and Liebherr 1992).
Thus, wing dimorphic adults often become
long-winged morphs when the nymphs are
reared at high density or on nutritionally inad-
equate food. The present results showed that
the incidence of macropters in V. ornatus in-
creased with increasing density (from one to
two individuals per container). However,
when the density was increased to five or 10
individuals, the incidence of macropters was
similar to that observed with one nymph per
container. The increase in density from one to
two individuals made body contact possible.
When the density increased to five or 10 indi-
viduals, body contact likely became more
frequent, and competition between individuals
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likely increased. We therefore hypothesized
that this situation would favor the production
of macropters to escape an unfavorable habi-
tat. However, when the density became very
high, fighting between individuals may have
caused shedding of appendages and promoted
the formation of short-winged individuals. For
example, when appendages (hind femora, hind
tibiae, etc.) in the cricket D. fascipes were cut
off during the nymph stage, this injury di-
rected the development from long to short
wings in the presumptive macropters (Shimizu
and Masaki 1993). Our results showed that
cutting the appendages of nymphs of V. or-
natus also had a micropterizing effect and
support the notion that the low incidence of
macropters at densities of five and 10 individ-
uals per container could be a result of
appendage loss from fighting. The period of
nymphs’ sensitivity to appendage loss, as in-
dicated by the observed micropterizing effect,
ranged from 35 to 60 days after hatch and was
most significant between 45 and 65 d when
nymphs had reached the penultimate and last
instar, respectively. These results are in ac-
cordance with those reported for the cricket D.
fascipes (Shimizu and Masaki 1993).
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