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Abstract: To clarify the changes of respiratory metabolism in overwintering eggs of Italian locust Cal-
liptamus italicus (L.), locust eggs were dissected regularly to observe embryonic development prog-
ress, and O, consumption rate, CO, release rate, metabolic rate and respiratory quotient were measured
using Sable multi-channel insect respiratory metabolism measurement systems and analyzed from Au-
gust to April of the next year. The environmental temperature of locust eggs in the wild was measured.
The results showed that respiratory metabolism level of locust eggs fluctuated seasonally with the ad-
vance of overwintering time. In pre-winter (August—October), respiratory metabolism level of locust
eggs was higher, and the highest respiratory metabolism level was observed in August. At this satge, em-
bryos developed fastly and the red pigment appeared in the back edge of the compound eyes in October.
During the winter (November—Feburary), respiratory metabolism level was the lowest in November,

but no significace was observed during this period. The color of the compound eyes darkened and the
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embryo development basically stagnated. In post-winter (March—April), respiratory metabolism level

gradually increased. Respiratory metabolism level in April was significantly higher than that in October—

March, but significantly lower than that in August. During this period, embryo transfer occurred and the

embryos recovered development. During the whole overwintering progress, respiratory quotients of lo-

cust eggs were higher than 0.94. The correlation coefficients between O, consumption rate, CO, release

rate, metabolic rate and 5-cm ground temperature in different months were 0.857, 0.831, 0.902, respec-

tively; there was a positive correlation between the respiratory metabolism of locust eggs and 5-cm

ground temperature. The respiratory metabolism level of C. italicus eggs were closely related to their em-

bryonic development and the environmental temperature during the whole overwintering process. Carbo-

hydrates were the main energy sources of locust eggs, which could minimize the energy consumption to

ensure normal development, successful overwintering and incubation of locust eggs in the coming year.

Key words: Calliptamus italicus egg; O, consumption rate; CO, release rate; metabolic rate; respiratory

quotient

Wi AR Ry B R B 1 A A s IR 2, ANME
AT LAz i B A B A ) AR B AE i L2 AR SRR
S AE ST Y PN A AR e £ 2 A Y A (TR K
SRAE,2003) , E BT AR SZ AR P A= B S
2 A2 AN IAEE R, W VR OE RS R
EAYURFEEE R (X1%,1991), HETE A%
X208 Propylaea japonica (Thunberg) (21455,
2007) . ¥4 4 %1 . Pleonomus canaliculatus (Falder-
mann) (R % 5 55 , 2011) . X L I #% 85 Anopheles
gambiae Giles(Kaiser et al.,2014) . i JKSE A M Pier-
is napi (Linnaeus ) (Kiveld et al.,2016) %5 & HLU A IEI
Rt AT 79T, H BB PR TR (O R
ML R AEE A X R A K - B S i (Acar
etal.,2001; Hetz & Bradley,2005;£6755%,2016a) .

O WL R TG B ) O R A A i,
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mus italicus (L.) A BP0 A28 10, a1 HAE
K& B I 5l I B LA 20~30°C 5 4% 5L (2014)
b % A& PR VY g K M8 Locusta migratoria tibetensis
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WEmHA 27, X — R )8 H A S,
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Table 1 Changes of respiratory metabolism in overwintering eggs of Calliptamus italicus (L.) in Xinjiang

] O LR COLFETH e VP S om Hitht
Year-Month O; consumption rate CO; release rate Metabolic rate Respiratory 5-cm ground
(mL/min) (mL/min) (mL-g"' min™") quotient temperature (°C)

2016-08 28.48+1.42 a 30.97+1.20 a 108.61+£6.26 a 1.08+0.17 b 20.92+0.36 a
2016-09 15.44+1.41b 15.73+1.44 b 61.04+5.40 ¢ 1.02+0.03 b 19.84+0.91 a
2016-10 12.85+1.06 be 13.12+1.18 be 53.30+£3.97 ¢ 1.02+0.60 b 8.74+2.38 ¢
2016-11 3.76+4.62 ¢ 3.64+4.70 ¢ 16.13+1.84 d 0.97+0.87 ¢ 1.93+2.62 d
2016-12 7.91£1.48 cd 8.52+1.69 cd 33.86+5.92 cd 1.08+0.53 b -1.26+1.11d
2017-01 5.94+0.34 d 6.06+0.29 d 26.13+0.66 d 1.02+0.12 b -4.70+0.92 d
2017-02 4.55+0.78 d 5.08+1.16 d 18.54+3.42d 1.17£0.45 a -2.96+0.51d
2017-03 4.45+1.05d 4.60+1.10d 20.73+4.91d 1.03£0.03 b 0.05+0.58 d
2017-04 9.18+1.79 cd 8.594+2.10 cd 74.02+£14.54 b 0.94+0.21 ¢ 10.43+£3.02 b

R PR T BRI . R BB 5 R R R R R UK 2 22 TR IR AE P<0.05 /K22 5% .3 . Data are mean®

SE. Different letters in the same column indicate significant difference at P<0.05 level by one-way analysis of variance.
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Fig. 1 Embryonic development of Calliptamus italicus (L.) eggs in Xinjiang during different months from August 2016 to April 2017
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T B 2 B e A g A i e PR (i
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PR s YR T B0 X S R 2504 PR AR
Pt SRR AR 3y, B RTS8 L 9 B P A Gk
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Williams et al., 2012; £% %545 ,2016b) . A5 H 1Y
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VT2 8 55, 50 T s T 1 B A G
)R 555 A oo W PR R AL RIS N R T . SR
ST L SRR A2, PG 1 IV e A B I £ it 7k
5 EPREE IR BT IC R ()37 355, 2017) , AT
FE B R PG AP I 2 A 358 S g L S AR A ]
FH, A R AR PG AR TR P R, AR AN [
el 5 XoF I 5 P SRR T N A2 T AEAER R 25 5, X
SR O 1) K B SRR A FEEF AR
RAERE IS A, 2017 45T 58 45 M A 5 A s
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A AR A 14 i 7 R 7 35 07 3, 2 R M A e AT g
JE R RRRL N ARA R R S
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T T L ) o ek 2 U i) 305 32 1) A8 A 3 2o 9T
B A IS 7K T (4 56 55 DA iy HOXG L BE )3 1 g
73X R AR AE R I A e i R A X L
T8V PRI, RSN R BE A B T R R i iRk
7 W R AR Y R R E A
B A A 2R S (A A R e R ML B
W AR B AL 5 2 — R AF ST o

& % 3L #k (References)

Acar EB, Smith BN, Hansen LD, Booth GM. 2001. Use of calorespi-
rometry to determine effects of temperature on metabolic efficien-
cy of an insect. Environmental Entomology, 30(5): 811-816

Chen AR, Li KB, Yin J, Cao YZ. 2011. Effects of environmental fac-
tors on the respiratory metabolism in larvae of Pleonomus canalic-
ulatus (Coleoptera: Elateridae). Acta Entomologica Sinica, 54(4):
397-403 (in Chinese) [¥R2 5, 2= viuk, FHES, BOHEE. . 2011, FR5E
PR Xi e A B U Rt s . B 53R, 54(4): 397-403]

Chin CT, Quo F, Chai CH, Cheng CY, Sha CY, Chan TM. 1956. Stud-
ies on the locust egg. II. Developmental changes of the locust egg
during incubation and their possible physiological significances.
Acta Entomologica Sinica, 6(1): 37-60 (in Chinese) [ & f&, 5
FB, B, FRAYE, Y, HRIEN] . 1956, SR B AYATSE 1L 1550
TEFTE I AR AL M R Y. B 2EAR, 6(1): 37-60]

Gao F, SuJW, Ge F, Wu G, Liu XH. 2007. Effect of temperature on the

respiration and metabolism of ladybeetles, Propylaea japonica.



64l =158 2045 ¢ TR M BT 2 2 AP A7 3P0 25 4 22 P P o i 1307

Hubei Agricultural Sciences, 46(4): 562-564 (in Chinese) [ /5 I,
SR, K, SERI, XA . 2007, 5 X SO I ARG
R WAL BLEE, 46(4): 562-564]

Ge F. 1991. The influencing factors of insect’ s respiratory metabolism.
Entomological Knowledge, 28(5): 319-321 (in Chinese) [ X I .
1991, 520 B RO AR R 2 . R LU, 28(5): 319-321]

He LZ, Liu YP, Yan MY, Liu Q, Li ZW, Ji R, Ye XF. 2017. The respira-
tory metabolism of overwintering Gomphocerus sibiricus (Orthop-
tera: Acrididae) eggs. Chinese Journal of Applied Entomology, 54
(1): 92-99 (in Chinese) [fil 7.3, XU, HF =, X8, 25,
Ze5, ME/INTS . 2017, A P 05 A B (0 A RS R AR5
o FH L B 2441, 54(1): 92-99]

Hetz SK, Bradley TJ. 2005. Insects breathe discontinuously to avoid
oxygen toxicity. Nature, 433(7025): 516-519

Kaiser ML, Duncan FD, Brooke BD. 2014. Embryonic development and
rates of metabolic activity in early and late hatching eggs of the ma-
jor malaria vector Anopheles gambiae. PLoS ONE, 9(12): e114381

Kambule IN, Hanrahan SA, Duncan FD. 2011. Metabolic rate in dia-
pause and nondiapause brown locust eggs correlated with embry-
onic development. Physiological Entomology, 36(4): 299-308

Kiveld SM, Lehmann P, Gotthard K. 2016. Do respiratory limitations
affect metabolism of insect larvae before moulting? An empirical
test at the individual level. Journal of Experimental Biology, 219
(19): 3061-3071

Maino JL, Kearney MK. 2014. Ontogenic and interspecific metabolic
scaling in insects. The American Naturalist, 184(6): 695-701

Paerhati. 2005. An overview of the hazards and prevention of grassland
locusts in Xinjiang. Xinjiang Animal Industry, (2): 58-59 (in Chi-
nese) [MAZK I . 2005. 8 7 J5UE b 2F 163 S Biin il .
B MO, (2): 58-59]

Pang XF. 1963. Effect of temperature on oxygen uptake of several in-
sects. Entomological Knowledge, (2): 56-60 (in Chinese) [ JE
K. 1963, AEEXT LRI U AR A2 . B HURIR, (2): 56-60]

Qian X, Dou J, Wang DM, Li S, Roman J, Ji R. 2016a. Stigma struc-
ture and response of respiratory metabolism of Gomphocerus si-
biricus to high temperature stress. Chinese Journal of Applied En-
tomology, 53(4): 837-842 (in Chinese) [£% 55, 251k, T &My, 28
#&, Roman Jashenko, Z=5¢ . 2016a. PG/ IV 1S, ] 25 46 K T 1f
AR R T e 7 . N S H 2R, 53(4): 837-842]

Qian X, Wang DM, Li S, Dou J, Ji R. 2016b. Seasonal variation in re-
spiratory metabolism and its adaptive value in Pyrrhocoris apter-
us. Acta Ecologica Sinica, 36(20): 6602-6606 (in Chinese) [ 75,
FAAME, I, T, R 2016b. BHLLIE TR AR 2 A8 1k
R T3E P . AR SRR, 36(20): 6602-6606]

Ren JL, Zhao L, Ge J. 2015. Embryonic development of diapausing
eggs in Calliptamus italicus (L.) (Orthoptera: Catantopidae). Acta
Entomological Sinica, 58(11): 1201-1212 (in Chinese) [1T: 4 J&,
AXF, B . 2015, RERFUE ARG K B SO 77 & A R
HHBE. B R, 58(11): 1201-1212]

Wang DM, Li J, Li S, Hu HX, Ji R. 2014. Effects of temperature on the
respiratory metabolism of Calliptamus italicus (Orthoptera: Acrid-
idae). Acta Entomological Sinica, 57(3): 373-378 (in Chinese) [T
LM, AR, AR, JRELEE, 2R . 2014, IR RS RT AR
BRI . 2RI, 57(3): 373-378)

Wang FH, Gong H. 1997. Measurement on respiratory rate of dia-
pause- and non-diapause-destined Helicoverpa armigera. Acta Sci-
entiarum Naturalium Universitatis Sunyatseni, 36(S2): 58-61 (in
Chinese) [ 751, S8, 1997. #if & LA & AES RAFESCR AT
FE . I RZEEI(E RFHEMD), 36(S2): 58-61]

Wang MQ, Pang H, Li ZZ. 2001. Characteristics of the respiratory me-
tabolism of Chinolyda flagellicornis prepupa. Forest Research, 14
(6): 616-620 (in Chinese) [ T [Al, JE#E, 255 H . 2001. Hii 1
i B UM P A A R A ML B2 0FT, 14(6): 616-620]

Williams CM, Hellmann J, Sinclair BJ. 2012. Lepidopteran species dif-
fer in susceptibility to winter warming. Climate Research, 53(2):
119-130

Wu KJ, Gong PY. 1984. Respiratory metabolism of the cotton boll-
worm, Heliothis armigera (Hiibner). Acta Entomologica Sinica, 27
(2): 128-135 (in Chinese) [S3IH, SR{MI . 1984 Hil#% H i IFi
g B4R, 27(2): 128-135]

Wu KJ, Gong PY, Li XZ. 1989. Characteristics of the respiratory me-
tabolism of overwintering pupae of the cotton bollworm, Heliothis
armigera (Hiibner). Acta Entomologica Sinica, 32(2): 136-143
(in Chinese) [, ZR{MI, 22752 . 1989. HE4S Hi MRAIHIT 0
AR R LR £ B LI, 32(2): 136-143]

Xu SQ, Wang HC, Liu ZB, Zheng ZM. 1996. Oxygen consumption
rate of Oxya chinensis during embryo development. Journal of
Shaanxi Normal University (Natural Science Edition), 24(4): 68—
70 (in Chinese) [VFT14x, F )1, XK, FBATE . 1996. i AEF
8 (Oxya chinensis Thunberg) R JIfi & B 1 Fit v 48 S R AR L 9 BfF
. BEPGIIVE 254 SRR RR), 24(4): 68-70]

Zhang YN, Fan JT, Yang L, Liu ZD. 2014. The summer diapauses rate,
pupal weight, and metabolic rate of Helicoverpa assulta at 35°C.
Chinese Journal of Applied Entomology, 51(5): 1274-1279 (in Chi-
nese) [FKIFFE, FEAEKE, Ak, XIREZR . 2014, 35°CTR A BT H &
o R AR A A A . TR A4, 51(5): 1274-1279]

Zhang YQ, Ding W, Zhao ZM, Wang JJ, Tao HY. 2003. Comparison of
respiratory metabolism of controlled atmosphere-resistant and pes-
ticide resistant strains of Liposcelis bostrychophila Badonnel (Pso-
coptera: Liposcelididae). Journal of Southwest Agricultural Uni-
versity (Natural Science), 25(5): 413-416 (in Chinese) [ 7K 7k 5,
T, AR, EHEZE, BIFEE . 2003. BT mBT R 2 M
vt 2R PR AR LA . PG R ARl R 23l (F AR 1), 25(5):
413-416]

Zhu MM, Zhang R, Zhang ZH, Zhao ZH. 2016. The responses of grass-
hoppers and their natural enemies to soil humidity and slope in
Mahuang Mountain, Ningxia. Journal of Plant Protection, 43(3):
369-376 (in Chinese) [ARAf 5%, 5k 4%, TR, ML, 2016, T
SR BT 1L BTG H R RN 38 55 7K it R g S AR A
YR 244R, 43(3): 369-376]

Zhu YH. 2014. Effects of low temperature and light stress on the cold-
tolerant substances in Locusta migratoria tibetensis Chen and study
on the respiratory model of L. migratoria tibetensis Chen. Master
Thesis. Ya’an: Sichuan Agricultural University (in Chinese) [
. 2014, TR IR BN 0T PG 0K MEL T TE W) S5 1) 5 M) B G 7
TRUEIPIE RIS . B2 e S R DU ]

(FAEmAE: F£47)



