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Comparison of the supercooling capacity in three species of
Cossidae overwintering larvae
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Abstract The supercooling points (SCPs) and freezing points (FPs) of the overwintering larvae of three species
of Cossidae ( Deserticossus tsingtauana, D. artemisiae and Eogystia hippophaecolus) were analyzed in different
time points in Ningxia Hui Autonomous Regions, and the SCPs and FPs of E. hippophaecolus in different instars
were also detected. The results showed that the supercooling capacity of the three Cossidae larvae were basically
the same. D. artemisiae had the best adaptation to low temperature. Cold acclimation had a significant effect on
the supercooling capacity; the SCPs and FPs of D. tsingtauana and D. artemisiae in March 2013 were higher than
those in January 2014, and both Cossidae species showed the characteristics of “freezing-tolerance”. No difference
in supercooling capacity were found among the three instars of E. hippophaecolus, but the older larvae showed
better adaptation to temperature variation.
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Table 1 SCPs and FPs of the overwintering larvae of

three Cossidae species in March 2013

Fh AR/ C ZEvkei/C
Species SCP FP
mﬂ(%ﬂ% (—3.33%0.16)a (—1.5140.06)a
D. tsingtauana
sz N
LI (—3.7640.300a  (—1.8440.15)b
D. artemisiae
DA LR

E. hippophaecolus (8

2040.17a

(—1.36=40.06)a

1) Fri gl o 4 £ SE. 3£ 2 Rk 3 AR,
HERFRA BEF %R (P<0.05),
Data in the table are the mean+SE; the same in table 2 & table
3. Different lowercase letters in the same column indicate sig-

R 8) K e I ARl 7

nificant difference among species (P<0. 05).
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Fig. 1 Distribution of SCPs & FPs among the overwintering larvae of three Cossidae species in
March 2013 & January 2014
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Table 2 SCPs and FPs of the overwintering larvae of two Cossidae species in two periods
ik 20134 3 H March 2013 201441 H January 2014
Species W HIE/C SCP 45vksi/C FP B HIL/C  SCP 4ivksi/C FP
iRz D. tsingtauana —3.3340. 16 —1.5140. 06 —4,9140. 24* —3.3640.23*
WiEAREEk D. artemisiae —3.76=%0. 30 —1.8440. 15 —5.8940. 38* —4,2840.27*

1) FIR[E) T A B 85 A [ I AR [ Tk SE AR AT 35 28 57 (P<0. 05)

* indicates significant difference in the same species during different periods (P<Z0. 05).
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Fig. 2 Distribution of SCPs among three instars of

Eogystia hippophaecolus
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Table 3 SCPs and FPs among three instars of Eogystia hippophaecolus

A HA Instar

HBHI L/ C SCP #Evkei/ C FP

8~10 {#% The 8th—10th instar
11~13 #% The 11th—13th instar
14~16 #% The 14th—16th instar

(—1.3540.08)a
(—1.3740.13)a
(—1.5540. 19)a

(—3.03%0. 24)a
(—3.37%0. 32)a
(—3.27%0.34)a

1) [RI SR 5 AR TR A A e AN [ 2 77 I SO i S8 AR DG S35 22 57 (P>>0. 05)

The same letters in the same column indicate no significant differences among different instars (P>>0. 05).

3 itig

3.1 AEAARBHHLLYRETSANENER

T A B SRR 25 5 Y DR R 2 203 g SR A8
AR R I R 1L s BRERBE L MR R & B
ZE 5 AR YA LB i ] Rt 4 58 B D S

B A A AL £ G R GR 3P 50 B )7 A AR
FH KA B i 2 Ve A9 L B A ] — <
RAAE T AR R HU e v 2IRE Tt T REAT 72 W i 22
L ALY S e ARV IS A VA NI EAR SN
3k L RS A /Nl R 7 1988 AR 10 A ad v A
A — 45 C AR . —32. 51 C A1 —38. 25C, 1 i



43 55 51

PR S5 « =Rl AC 0 M 28 &)y H 00 v BV RE ) 22 5t L - 117 -

X2 =AM 22 5 . AR, 3
TR e A TG A ) ) g S A v o S TR) kg e P
Hu, BRAC SR IEARKRL BRI BE AN 2013 4F 3 3 1 I 554
KB A G D 1 AR e RN YD AR 2 W 1) 2o 7% 20
REJISEAAHIR], 2014 4 1 H Gy 85 FRUAAIE T i A
BNV S AR B MV R ST AE . eAh AR
A VDR B 1) Ao ¥ A R S B UK R AT
BB (] o 0 T A 2 9K 1 4 I 46 s 28 i R > P
A A T A1 ek 2 B 1) e H, A RA VD T R Bk AE 3
Tt A 2 3 Hp GG ER B 114 35 7 B ) B
3.2 AEMPAAREHRELHHNTLAENER

ANl AR AR 0T A B UG v AV RE 0 A I e 22 5
X EZE N F RIS R R4 Z T
25— 1 B 2R W B AV P e R (A AT ] B 4% Sy B it
IR — s B E A& . ANEIRT 8 &
PRI AR AC &)y AU ¥ 20 s AR AR I B, 11 ) Ay GBAC
1) —16. 24°C,1 Ay GEl& ) —23.16 C.3 H
By GERAHRIDIR A 2 —19. 91 CH L k/NEr L B
A 4y ik v 0 A5 2 B B A Y T M AR A
A Ik 8 20 ASURT K RUE B R A e R T At
30, T 7 4% i 300 RS B A B 25 S AR
Hv AR A B VD 3 R B A A B 1 v D
FEE VK S 25 5200 L B 2013 4F 3 H M iAok
W PR AR B4 AT T — A= RN R 5
FER AR I A T YIME 2 5 A 2 Hi HL A T R 11
TR ANEE ). Hrp Vb v R G 1Y 72 Ak i R B S B
3K T BB T R A PR [ AG OC AR S AR A A
Y ARZELUR IR A AT DR IR AR o PR b X i 5
PR A&l L R R ISR AN S s

— PR B R T FESS AR 43 Ay A BV 45 K
RUFUASTN 25 oK T, ik 245 vk 780 B A P el v 0 A 3 v
A DATE S & H0 05 AR A7 L i AN 245 vk R A B
Bt A SR AR, B A RRAE R A LA
TREEAETES  LIRRI/INEE A L R 1A 2 R
—11. 98 C HIfEFE —23. 5 C M TR el a™, &
CH, 2013 4F 3 HZZ FHMIX A9 H FHRIEN 7. 3C,
2014 4F 1 Az X py AP0 —3. 3 CL b i
AR — 17 C PR 2Rk )3 A1 S I AE 2014
A1 A0 AP0 E 2013 4 11 H &2
2014 4F 3 1,45 110 K H el RAIRF —3 CL PP
FEIRAEIX 2K B 1A a2 A1 38 55 R AT R g it |
A FEBHE TR &5 VKR L L — SRR AIE L T LA 25

SR AT A 2 RN 8 AR R M P BB T 2 K B R I
3.3 A[EHER R AR & 4 i e AN BE

=R

B ITEAF A K L F BBt 2 R B A R K
Bba sz, —FHEI Diamesa mendotae Mutt-
kowski TEA[F & B Hr Bl A s 22 5 W L 4 il
SRR o RHURAR  Ho AN [R) B B B 4l e v 2
IIEAE 2 FPY . B K4 Monochamus alternatus
G 4 i SR N 5 v T L Ty R TG s D) e B A
T IS IR T A2 P EAEAR S BEROR
[Fi) L 4 B B VD R A e BB A &)y U 45 DK R R ¥4 4D
RO W W 25 S o 3 S 4 SR 1Y PR T g A
VD R & 4 4F 1 AR AR E S AR A
TE o IX U HATE [A] I A (] H i 1) i 4 4 sl 1834 32
() REAR IR PR 1) 3 75 2 [ ) I IR T 52 8 ) A7
R 52 LB A% o BT LA SRR [ — Rb R T 5 — >IN
ANTR] S BB TR T B A 4 B Ve I RE ) 25
SIARUIE . B AHERT 55 4h 3 At A AR S
R ARG M4 4l A P REAFTE R B S . D)
Hbs IR 3 A HUB T Bt VD B kA% 4 ik v AT
A REAAH Y AE G ¥ 200 DK R A AR 23 A1 R LA
B R A AR A Y A 8 0 R R K A Y T B T
12 PR BRI X H BUAE o 4 4t U B 22 18 %)
HaX T AR A 3 1 B ) B AR 4 L B

S 3k

(1] SRBREr, HEsk. B SEMERINE S orikll ). MR &R
244, 2004, 41(1):7 - 10.

[2] Wharton D A, Aalders O, Bale ] S, et al. Desiccation stress
and recovery in the anhydrobiotic nematode Ditylenchus dipsa-
¢t (Nematoda; Anguinidae)[]]. European Journal of Entomol-
ogy, 1999, 96(2):199 - 203.

[3] Sgmme L. The history of cold hardiness research in terrestrial
arthropods [J]. Cryo Letters, 2000, 21(5) ;289 - 296.

(4] SRERLL, MRSk, R SEMEOIRL ] A%, 2002, 22
(12):2202 - 2207.

[5] BaleJ S. Insect cold hardiness: A matter of life and death []J].
European Journal of Entomology, 1996, 93(3):369 — 382.

(6] J5fE5F. BRI R. AREEAE R AR 52001 ILR
Mol BHE . 1984(4) .44 - 46.

(7] Jrfse, B, 2228 R, P EDREEB R R BLLI]. B
Mok B, 1992(2):29 - 35.

(81 SHMIZR. rPEZRARERRIMI. Juat. POl TR, 1992765,

(9] #oLr, AWEpk, sRa. 5. WiREE MRy Rtk iz [ ]
MR B 244, 2012, 49(3):735 - 741.



« 118 -

5 4Ly

2017

[10] FE&H. BA K. Filbk. DEARSREY AR B
H2EdR . 2011, 54(7):809 - 814,

L1 SRt B8A IR, VRaEFR. 55, VIR 8 1k 4 Sl 30 1 400 25 B
FE[J]. RLFAE 4R, 2006, 43(5):626 - 631.

[12] e, YOBORE A= 9 A 2R e B SE [ D] Je st Jbat
Mol K2, 2006,

[13] ZHE. BEA P FEE. 5. WIBOR R4 Bl 01 /9 41 25 B
FE[J]. AR HAAR, 2006, 43(5):626 - 631.

[14] EE3, Tz, KEW. JUMBRAER R € n sty [(Cl/
HAREDFERN. ARt PEBFEBOR IR, 1991,

L15] XUELE, K, ERHE, S5 BA AN R B B — nd R 70 b
Z g i FEPER AL ] R AR, 2014, 57(3):379 - 384

(161 EME. K& TH.%E S/ il g dud W A5 ) K4k
PWAEAI B AT AR, 2011, 31(3):638 - 645.

(171 ERbKR, SFA, SR, B O St i 2 80 0 J5 ik B
Wi PR 3R SR L) ], BBk AR, 2013(9):32 - 35.

[18] Denlinger D L. Relationship between cold hardiness and diapause
[M]. Insects at Low Temperature. Springer US, 1991:174 — 198,

[197] Chippendale R E. Insects at low temperature[ J]. American
Entomologist, 1991, 37(2):119 - 121.

[20] a2, #, Jean-Claude Gregoire. ZLJ§K/Nik Dendroc-
tonus valens (Coleoptera, Scolytidae) F1 K Mg Hl Rhizophagus
grandis (Coleoptera, Rhizophagidae) i FEPE[ T ]. 55 E M2~
4, 2009, 31(1):20 - 28.

[217] Bouchard R W, Carrillo M A, Kells S A, et al. Freeze toler-
ance in larvae of the winter-active Diamesa mendotae , Mutt-
kowski (Diptera: Chironomidae): a contrast to adult strategy
for survival at low temperatures [ J]. Hydrobiologia, 2006,
568(1):403 - 416.

[227] Ma Ruiyan, Hao Shugang, Kong Weina, et al. Cold hardiness as a
factor for assessing the potential distribution of the Japanese pine
sawyer Monochamus alternates (Coleoptera:Cerambycidae) in Chi-
na [J]. Annals of Forest Science,2006,63 ;449 — 456,

[23] B 9E, WAK, EE. 5 DHAZKRWA TS W
JHR B2 . 2005, 42(2):211 - 214,

TS | )

(k361D

(8] XEefir, skEZe. FHIEASHER 1 EE — AL AN skt ie o7 .
R, 2007,44(5): 754 - 757.

(9] ZFiEHE, AT, FmE 5. /s iagl dugiis N TiaRHE S
BB ] R M (B RBLA D » 2009,38(6)
567 - 572.

(101 RE G, 2ET, ke, % FIERIE LIk a5 ik B
TARPRHEC 7 [T, A4, 2010,36(6): 96 — 99.

(117 XUERIT, SRV IE | [ 5205 . 45, IE 38R B Mo M 7 a5 (1.
SEIGH AR S5, 2010,27(9) .52 - 55.

[12] Fu Qiang, Zhang Zhitao, Hu Cui, et al. A chemically defined
diet enables continuous rearing of the brown planthopper, Ni-
laparvata lugens (Stal) (Homoptera; Delphacidae)[J]. Applied
Entomology and Zoology, 2001,36(1): 111 -116.

[13] W43, ROR5E, M. . KRS A I B LR & i S him g al
WS R LT ARRAOIREAAR, 1992,13(4) 69 - 76,

(147 BT VIIERS X 1 7 KRR RE B TH BB LR 5L (D] r
I g ROl R AE, 2001,

(% B #)

(k366 T

[15] BRIEE , 4H L ALl 25, JF bk B 4y U0 0 139 T 25 416
WEAYFREL ] SOl R 2008,23(1) : 22 - 24,

[16] [ KME BEE, % s A WL E R F R

RIS RN RE S SRR T ], 2 g A0l K2 4. 2005, 20
(2):183-187.

[17] ZEwi JEROMG 2 IERR. 55, A WA IR X ek S BEAR (Ass-
sara inoueid ) FEERAT NI ). = KRR CA RBHERD
2008,30(S1):123 - 126.

(18] #hfl . M4 - Mtk , 45, F b B Ak Je A WA T M 2 i
WL, ZRREEAR CEHARRA RO 2008, 30(S1) : 120 - 122,

(190 il , PL B2, ST 20, 45 i RSB A A7 1 Ao [ .

FIIBY,2016,42(3) . 137 - 140.

[20] Leather SR. Sex ratio and reproductive success in the pine beauty
moth, Panolis flammea (Den. & Schiff. ) (Lep. s Noctuidae)[J].
Journal of Applied Entomology, 1990, 109(1-5): 200 — 204.

[21] 1M E5 fk. ANt R s B AT o mee s 0] B s,
2008,45(1) ;50 - 53.

[22] Sattar M, Hamed M, Nadeem S, et al. Effect of altering parent
sex ratio on egg laying and subsequent development in Plodia
inter punctella (Hibner) (Lepidoptera; Pyralidae) []J]. Paki-
stan Journal of Zoology, 2015, 47(5):1355 - 1360.

(W%, | )





