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Chill and heat coma of two pupal Drosophila parasitoids
LIU Tian-Tian', CHEN Jin-Lin®, CHEN Fei', GAO Huan-Huan’, XI Xin-Qiang" * (1. Department of
Ecology, School of Life Sciences, Nanjing University, Nanjing 210000, China; 2. Department of
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Abstract: [ Aim]In high or low temperature environment, insects enter a reversible coma state due to the
temporally shutdown of neural and muscular systems. Extreme temperatures beyond the threshold to
induce chill- or heat-coma state and prolonged coma state could result in the death of insects. This study
aims to explore the chill- and heat-coma states of two parasitoid wasps Trichopria drosophilae and
Pachycrepoideus vindemiae, so as to improve our knowledge of how climate change affects parasitoid
wasps. [ Methods] We observed the time to enter and recover from coma states of T. drosophilae and P.

vindemiae adults newly emerged within 24 h at the low temperature of 4 °C and high temperatures of 38
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and 42 °C , the proportion of individuals with mobility recovered at 25 °C after 60- and 120-min of coma
treatment. The longevity of individuals surviving at low and high temperatures was counted. [ Results]
T. drosophilae adults entered chill-coma state sooner than P. wvindemiae adults under 4 “C environment
and required longer time to recover from immobility. All 7. drosophilae adults lost mobility under 38 and
42 °C environments, 27% of the individuals died after 60- and 120-min coma at 38 C, and 15% and
38% of the individuals died after 60- and 120-min of coma at 42 °C, respectively. By contrast, none of
P. windemiae adults lost mobility in 38 °C environment while 42 °C treatment rendered 35% of adult P.
vindemiae motionless and all of those lost mobility for 60- and 120-min died after the heat treatment,
indicating that P. vindemiae adults are less likely to survive under high temperature stress via heat-coma
state. We also discovered that the adult longevity of the two parasitoid wasps recovered from chill-coma
was not affected, yet the adult longevity of the two parasitoid adult wasps recovered from heat-coma was
significantly reduced, and T. drosophilae adults suffered a greater reduction in longevity. [ Conclusion ]
These results suggest that P. wvindemiae adults keep active for a longer period of time and have a smaller
decrease in longevity than T. drosophilae adults in extreme temperature environment. These results are
helpful in designing biocontrol protocols using the studied two parasitoid wasps to reduce the damage by
Drosophila flies in changing climate.

Key words; Climate warming; extreme temperatures; temperature adaptation; biological control;

Drosophila parasitoid wasps
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Fig. 1

Proportions of Pachycrepoideus vindemiae (Pv) and Trichopria drosophilae (Td) adults entering coma

at different time after exposure to 4 C (A), 38 C(B) and 42 °C (C)
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Fig. 2 Proportions of Pachycrepoideus vindemiae (Pv) and Trichopria drosophilae (Td) adults recovering

from coma over time after being transferred to 25 °C environments, which have been comatose for

60 and 120 min at 4 ‘C(A), 38 C (B) and 42 C (C)
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ARWFFERI , Wl /N AV AR R A Y 9
b AR B Eb B A A0 G o A 1 A i TR T A2
PE R SCReZ i Y B He nl REAE S I 32 M5
T AEAEALAT R 1% (Willi and Van Buskirk, 2022)
2, X AR T R U AR AR B HLHE A
—FERY Ve Bk TR T B A P & A ARG
FEASTA] A2 3 968 12 15 A ( Amiresmaeili et al., 2020)
o T B A I T R AN R oK A Rl
B2 (Portner, 2001 ; Gonzdlez-Tokman et al., 2020) ,



134 X FH FETAE Pl R e ) 2R e v (A B S 95

T e T S B 28 RGeS R Bl AR B R R ek Y
FHZ5UH (Robertson, 2004) . FEAMFSE e i 4>
ZINBEE B A/ N A A B T R (A T EL A B T ALY
P ZR G0, v LATE S w1 I BE R BT R SR ILEA (9%
BTN AL By o 3B PR AR/ N 18 B H X Jd i 1] ) 5
Tl AT B AR A2 (Tseng et al., 2018) fHETRHS
it a] v IR A T A7 PR 58 22 ( Peralta-Maraver and
Rezende, 2021) . 53— J7 I, 56 fE ff 41 14 2 O & Y
TR BT B A (AT R B] Y 2 A R Y
YRR B L, 3% — I B AR B bk, AT RE 2 5
P i Tk E B B T AT AL T P B R L B RS T
(Cox et al., 2010; Marshall and Sinclair, 2010) ,{H
IR AL B i T 2P AR ST

Tk 2 2 ) 249 B M1 3 B Y S BEPR AR IR 7, Ui
FER BRIV E A B R R R B & B, LIERY
WE5E R BLA) H G Be, e 0 5 /)N 06 o) v T FOAIR IR AT
TR IR T 32 P O 4 )N 0 Y 4l deRT DLTE R A
32.8 C HYHFLL m il PR T SE MUK &, T I A 200 4
L ITEFRFLE 29. 6 CHYm RIS P AR E MR F
(Wang et al., 2018) . A5 &k IAE 38 CHImE RS
e 5 £ 201 06 27 %0 WIMARBE T (18132 B) T 45
/NIETE 38 C I A AN AL AL BAT e is BhEE S
(B 1: B) ;7542 CRyIREErh, PRh a7 A= 9 nl i 1Y 46
TRZEFAK(E 3 C) , [HBE G/ NEFATE TRy
MEYIRRIZNRE S (K 2: C) ,IREENTAT LA
1242 CHmIR T, Ak 2L8 S48 I 58 ™ Ot #2
I H A B P 52 1) B I A 200 16 1) 7 i A2 5 T
JEE A 000 5 R T R /N, ok et SR A e T A7 1
V%) £ JSE ik 6 1 MR < /N 114) AT 91 L2 L R £ 4
BEHET (Knoll et al., 2017) , (HABFFEEERADKY,
o AL B TP 2 532 BT BE ) M 4N I U e R 3
FMGEARTIET T (K 2: C) xR BT A
BEEE R R R A AT AR, R EITE 42 C
AL TR 480 min £ JZ R, 35 S A i 0 <5 /) B i i
FERIZBIHE ST, X R T IR Y S IR e A AT
By KO B 48 & LSBT %, ML 4h, 5 Wang 5§
(2018) WFFE N A5 AN [) 1) 2, FE FRATT Y 2 e v, WL
B A7 A= e R O B B RE ) IS B 2 HAE i e AR
TRPREE T ARG 2 b, 0K e 78 2 25 C Iy BREE ol
GEHAMKIZ NGO, 230 %A WA [l i A5 3R AT TE 297 H)
B e AU T 52 0 L 7 W v T A

b A A e 52 A o T S BB D Y 25 R TR —
SEFREE ] DU BB 2= 17 34 (Le Lann e
al., 2011) o FEACFBK, 57 5 Dol BLAG I 5 /N e i

DR AR AR A Al 50 T 22 (Kol er al.
2017) o JAEA BT NPT 2 A 8 1) 5 4 25 D T 45
T AR, DRl Ay e i 4 /N e R A AR e, TR
A A B R AA AR ] R G 45 /)N e 3 i EL AT T 5 ) 5
71, AT R R — R LSBT ED
F40 4 (Wang et al., 2016a) o A BT 78 45 20 3%
B, 6T it B2 TR 52 P 14 22 S P BB e fol 15 76 A A 40 e
TEE AR W EEFT N Z — ITe4E, N B
A0 R LU I 5 /)N B B B R 19 5 R — 1L A
ST B A £ B OB H 15 TR B i
GG R FE i (Wang et al., 2016b; Zhang et
al., 2021) o HAHFFE KB, B 255 Ao (] 114 B it 425 Tk
WA ENT A AR Bk, I IR B2 /b H A5 i (18] 4
B, C), Kt EANTA] GEAIE A 78 m 19 2 2= H T B
I SR Pl L SR

RS R A AR S 8 B R B AR
S P2 A X AN R B T H
WY 5% K& (Stireman et al., 2005) , FIBVE N BIEF
MEF AW AY, A2 MiE 7 e
MV P2 2 7 (Mori and Kimura, 2008 ), R4
I T PR Ay S 30 v i B BT 15 S 2 A AN (] (H 22 00
ISR R R SR e A5 o UL SR e AR VY I
PR, FORAEAN [ X35 g 5 PR A 2 A e i P A
T BE W AEAEAAAE 22 5% (Morin et al., 1997) , K
SR A9 T A g AR e 5 A B 2 A e R TR 52 1
TR 25 57 PR 32 PE ol 718 0 A T4
YIB;i6 A GE AT B 4F i HOR (Hughes et al., 2010;
Wetherington et al., 2017 ; Mutamiswa et al., 2018) ,

i RiMdTEAFAGHFFIRACREEZBY
BATOHY, AmRFEGHZFRIL Ko
FFHAR P LK FERAAERTIET A2 PR
TRAMEGZEL,

S 23 #k (References)

Amiresmaeili N, Romeis J, Collatz J, 2020. Cold tolerance of the
Drosophila pupal parasitoid Trichopria  drosophilae. J.  Insect
Physiol., 125 ; 104087.

Cox RM, Parker EU, Cheney DM, Liebl AL, Martin LB, Calsbeek R,
2010. Experimental evidence for physiological costs underlying the
trade-off between reproduction and survival. Funct. Ecol., 24(6) :
1262 - 1269.

Duffy K, Gouhier TC, Ganguly AR, 2022. Climate-mediated shifts in
temperature fluctuations promote extinction risk. Nat.  Clim.

Change, 12(11) : 1037 - 1044.



96 B 244k Acta Entomologica Sinica 68 &

Findsen A, Pedersen TH, Petersen AG, Nielsen OB, Overgaard J,
2014. Why do insects enter and recover from chill coma? Low
temperature and high extracellular potassium compromise muscle
function in Locusta migratoria. J. Exp. Biol., 217(Pt8): 1297 -
1306.

Forbes AA, Bagley RK, Beer MA, Hippee AC, Widmayer HA, 2018.
Quantifying the unquantifiable; Why Hymenoptera, not Coleoptera,
is the most speciose animal order. BMC Ecol., 18(1): 21.

Gillooly JF, Brown JH, West GB, Savage VM, Charnov EL, 2001.
Effects of size and temperature on metabolic rate. Science, 293
(5538) : 2248 - 2251.

Gonzalez-Tokman D, Cordoba-Aguilar A, Dattilo W, Lira-Noriega A,
Sanchez-Guillén RA, Villalobos F, 2020. Insect responses to heat:
Physiological mechanisms, evolution and ecological implications in a
warming world. Biol. Rev. Camb. Philos. Soc., 95(3): 802 -
821.

Hance T, van Baaren J, Vernon P, Boivin G, 2007. Impact of extreme
temperatures on parasitoids in a climate change perspective. Annu.
Rev. Entomol., 52 . 107 —126.

Hiéner N, Amiresmaeili N, Stihli N, Romeis J, Collatz J, 2022.
Overwintering of two pupal parasitoids of Drosophila under natural
conditions. J. Therm. Biol., 106 103231.

Hawkins BA, 1990. Global patterns of parasitoid assemblage size. J.
Anim. Ecol., 59(1) . 57 -72.

Hawkins BA, 1994. Pattern and Process in Host-Parasitoid Interactions.
Cambridge University Press, Cambridge. 1 —4.

Hazell SP, Neve BP, Groutides C, Douglas AE, Blackburn TM, Bale
JS, 2010. Hyperthermic aphids: Insights into behaviour and
mortality. J. Insect Physiol., 56(2): 123 —131.

Herz A, Dingeldey E, Englert C, 2021. More power with flower for the
pupal parasitoid Trichopria drosophilae: A candidate for biological
control of the spotted wing Drosophila. Insects, 12(7) ; 628.

Hood GR, Blankinship D, Doellman MM, Feder JL, 2021. Temporal
resource partitioning mitigates interspecific competition and promotes
coexistence among insect parasites. Biol. Rev. Camb. Philos. Soc.,
96(5) : 1969 —1988.

Hughes GE, Owen E, Sterk G, Bale JS, 2010. Thermal activity
thresholds of the parasitic wasp Lysiphlebus testaceipes and its aphid
prey: Implications for the efficacy of biological control. Physiol.
Entomol., 35(4) : 373 -378.

Jeffs CT, Lewis OT, 2013. Effects of climate warming on host-parasitoid
interactions. Ecol. Entomol., 38(3) : 209 —218.

Jorgensen LB, Robertson RM, Overgaard J, 2020. Neural dysfunction

correlates with heat coma and CT,,,, in Drosophila but does not set

the boundaries for heat stress survival. J. Exp. Biol., 223 (Pt 13):
jeb218750.

Knoll V, Ellenbroek T, Romeis J, Collatz J, 2017. Seasonal and
regional presence of hymenopteran parasitoids of Drosophila in
Switzerland and their ability to parasitize the invasive Drosophila
suzukii. Sci. Rep., T: 40697.

Le Lann C, Roux O, Serain N, Van Alphen JJM, Vernon P, Van Baaren

J, 2011. Thermal tolerance of sympatric hymenopteran parasitoid

species: Does it match seasonal activity? Physiol. Entomol., 36
(1):21-28.

MacMillan HA, Sinclair BJ, 2011. Mechanisms underlying insect chill-
coma. J. Insect Physiol., 57(1): 12 =20.

Marion GM, Henry GHR, Freckman DW, Johnstone J, Jones G, Jones
MH, Lévesque E, Molau U, Mglgaard P, Parsons AN, Svoboda J,
Virginia RA, 1997. Open-top designs for manipulating field
temperature in high-latitude ecosystems. Glob. Change Biol., 3
(S1):20-32.

Marshall KE, Sinclair BJ, 2010. Repeated stress exposure results in a
survival-reproduction trade-off in Drosophila melanogaster. Proc.
Biol. Sci., 277(1683) : 963 —969.

Mirth CK, Saunders TE, Amourda C, 2021. Growing up in a changing
world: Environmental regulation of development in insects. Annu.
Rev. Entomol., 66 81 —99.

Mori N, Kimura MT, 2008. Selection for rapid and slow recovery from
chill- and heat-coma in Drosophila melanogaster. Biol. J. Linn.
Soc., 95(1): 72 -80.

Morin JP, Moreteau B, Pétavy G, Parkash R, David JR, 1997. Reaction
norms of morphological traits in Drosophila: Adaptive shape changes
in a stenotherm circumtropical species? Evolution, 51(4): 1140 -
1148.

Mutamiswa R, Chidawanyika F, Nyamukondiwa C, 2018. Comparative
assessment of the thermal tolerance of spotted stemborer, Chilo
partellus ( Lepidoptera; Crambidae ) and its larval parasitoid,
Cotesia sesamiae ( Hymenoptera: Braconidae). Insect Sci., 25(5) .
847 - 860.

Neven LG, 2000. Physiological responses of insects to heat. Postharvest
Biol. Technol., 21(1): 103 —111.

Niu SL, Han XG, Ma KP, Wan SQ, 2007. Field facilities in global
warming and terrestrial ecosystem research. J. Plant Ecol., 31(2) :
262 -271. [ -, S5, DT, T, 2007 4HA
ISR AE S R G T A AN R . AR, 31
(2):262-271]

Noyes JS, 2019. Universal chalcidoidea database. World wide web
electronic publication [ https: // www. nhm. ac. uk/our-science/
data/chalcidoids/database/ ] .

Peralta-Maraver I, Rezende EL, 2021. Heat tolerance in ectotherms
scales predictably with body size. Nat. Clim. Change, 11 (1):
58 -63.

Portner H, 2001. Climate change and temperature-dependent

biogeography: Oxygen limitation of thermal tolerance in animals.
Naturwissenschaften, 88(4) ;. 137 —146.

Robertson RM, 2004. Thermal stress and neural function: Adaptive
mechanisms in insect model systems. J. Therm. Biol., 29(7 -8):
351 -358.

Rodgers CI, Armstrong GAB, Robertson RM, 2010. Coma in response to
environmental stress in the locust; A model for cortical spreading
depression. J. Insect Physiol., 56(8) : 980 —990.

Schou MF, Engelbrecht A, Brand Z, Svensson EI, Cloete S, Cornwallis
CK, 2022. Evolutionary trade-offs between heat and cold tolerance

limit responses to fluctuating climates. Sci. Adv., 8 (21):



134 X FH FETAE Pl R e ) 2R e v (A B S 97

eabn9580.

Sorribas J, Rodriguez R, Garcia-Mari F, 2010. Parasitoid competitive
displacement and coexistence in citrus agroecosystems: Linking
species distribution with climate. Ecol. Appl., 20 (4). 1101 -
1113.

Stireman JO IIT, Dyer LA, Janzen DH, Singer MS, Lill JT, Marquis RJ,
Ricklefs RE, Gentry GL, Hallwachs W, Coley PD, Barone JA,
Greeney HF, Connahs H, Barbosa P, Morais HC, Diniz IR, 2005.
Climatic unpredictability and parasitism of caterpillars: Implications
of global warming. Proc. Natl. Acad. Sci. USA, 102 (48):
17384 - 17387.

Tougeron K, Brodeur J, Le Lann C, van Baaren J, 2020. How climate
change affects the seasonal ecology of insect parasitoids. Ecol.
Entomol., 45(2) ;. 167 —181.

Tseng M, Kaur KM, Pari SS, Sarai K, Chan D, Yao CH, Porto P, Toor
A, Toor HS, Fograscher K, 2018. Decreases in beetle body size
linked to climate change and warming temperatures. J. Anim.
Ecol., 87(3) : 647 —659.

van Heerwaarden B, Kellermann V, 2020. Does plasticity trade off with
basal heat tolerance? Trends Ecol. Ewvol., 35(10) : 874 —885.

Wang XG, Kagar G, Biondi A, Daane KM, 2016a. Foraging efficiency
and outcomes of interactions of two pupal parasitoids attacking the
invasive spotted wing drosophila. Biol. Control, 96. 64 —71.

Wang XG, Kagar G, Biondi A, Daane KM, 2016b. Life-history and host

preference of Trichopria drosophilae, a pupal parasitoid of spotted
wing drosophila. BioControl, 61(4) . 387 -397.

Wang XG, Serrato MA, Son Y, Walton VM, Hogg BN, Daane KM,
2018. Thermal performance of two indigenous pupal parasitoids
attacking the invasive Drosophila suzukii ( Diptera; Drosophilidae ).
Environ. Entomol., 47(3) : 764 -772.

Wetherington MT, Jennings DE, Shrewsbury PM, Duan JJ, 2017.
Climate variation alters the synchrony of host-parasitoid interactions.
Ecol. Evol., 7(20) : 8578 —8587.

Willi Y, Van Buskirk J, 2022. A review on trade-offs at the warm and
cold ends of geographical distributions. Philos. Trans. Roy. Soc. B
Biol. Sci., 377(1848) : 20210022.

Yu DS, Luck RF, Murdoch WW, 1990. Competition, resource
partitioning and coexistence of an endoparasitoid Encarsia perniciosi
and an ectoparasitoid Aphytis melinus of the California red scale.
Ecol. Entomol., 15(4) ;. 469 —480.

Zhang S, Tao YM, Chen YZ, Liu PC, Liu JL, Hu HY, 2021. Niche
differentiation of two pupal parasitoid wasps of Musca domestica
(Diptera: Muscidae) : Pachycrepoideus vindemmiae and Spalangia
endius ( Hymenoptera: Pteromalidae). Can. Entomol., 153 (5):
511 -523.

ST BFIE)



