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Abstract; Winter-spring fallow waterlogged paddy fields (WWF) make up a subtropical type of rice fields in the hilly areas
of southern China and generally last 6—8 months and actually experience autumn, winter and spring in southwestern China,
especially in Sichuan province and Chongqing municipality. In this study, we aim to evaluate the effects of temperature
change on predation of the main predatory natural enemies in WWF during the postharvest fallow period. Therefore, the
predation effect, searching efficiency, intraspecific density interference and predation preference of adults of rove beetle
Paederus fuscipes, adults and subadults of spiders Pirata subpiraticus and Pardosa pseudoannulata to adults of springtail
Homidia tiantaiensis and leathopper Thaia rubiginosa were studied in lab at 22 °C and 12 °C representing two typical
temperatures from WWF seasons. In addition, the supercooling point (SCP) and freezing point (FP) of these predators
induced under the two temperature conditions were measured by the thermistor-based method that is to clarify the effects of
ambient temperature change on their predation. The results showed that the change of temperature significantly affected the
functional response of the predators, the searching efficiency and the intraspecific density interference of the predators. The
functional responses of these predators fitted well with the Holling IT model at 22 °C or 12 “C. According to the functional
response, the predation numbers of these predators to the two preys at 22 “C were higher than those at 12 °C, and they
consumed significantly more prey numbers of H. tiantaiensis than that of T. rubiginosa at the two temperatures. The instant
attack rates, the maximum predation number and a/7), value of these predators to the springtail and leathopper at 22 C
were higher than those of 12 °C, and their handling time at 22 °C was shorter than that at 12 C. No matter in leafhopper
experiment or in springtail experiment, the instant attack rate, the maximum predation number and /T, value of subadults
of P. subpiraticus and P. pseudoannulata were higher than those of their adults, and their handling time was significantly
shorter than that of their adults. The maximum predation numbers and a/T, value of P. fuscipes were the largest in the
leathopper experiment at 12 °C, while the treatment time was the smallest; and yet these values of other parameters of
P. fuscipes in two prey treatments at two temperatures were between those of spider adults and subadults. The influence of
temperature change on the searching efficiency of these predators was related to the species or stages of predators and prey
species, and the searching efficiency at 22 °C was higher than that at 12 C. Under the two temperature conditions, the
searching efficiency of these predators to the two preys was negatively correlated with the prey density, and both decreased
with the increase of prey density. The predation activity ratio of these predators to the two preys decreased with the increase
of self-density. The values of searching parameter and interference effect coefficient of subadults of P. subpiraticus and
P. pseudoannulata to the two preys at 22 °C or the springtail at 12 °C were the highest, whereas the two values of
P. pseudoannulata subadult and P. fuscipes adults were the highest at 12 °C. When both the two preys were available, the
food selectivity index of all predators was greater than that of one, which indicates that these predators had a predation
preference for the two preys, and prefered to prey on the springtail H. tiantaiensis. Although the food selectivity index of
these predators at 22 °C was higher than that at 12 °C , the change of temperature had no effect on the predator’s preference.
Generally, the decrease of temperature can induce the drops in the SCP and FP of subadults of P. subpiraticus and
P. pseudoannulata, and the rise of the two values in the adults of the two spider species and the smaller change of SCP in
the adults of P. fuscipes, which indicates that there is a certain correlation between the cold tolerance of these predators and

their predation.

Key Words: winter-spring fallow waterlogged paddy fields; temperature of the fallow seasons; predatory arthropod;

Homidia tiantaiensis; predation; supercooling point
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Table 1 Analysis of body length of predators rove beetle and spider preying on the adults of springtail Homidia tiantaiensis and leafhopper

Thaia rubiginosa under two temperature conditions
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Fig.1 Functional response curves of rove beetle and spider individuals to the adults of springtail Homidia tiantaiensis under two

temperature conditions
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Fig.2  Functional response curves of rove beetle and spider individuals to the adults of leafhopper Thaia rubiginosa under two

temperature conditions
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Fig.3  Searching efficiency curves of predators rove beetle and spider to the adults of springtail Homidia tiantaiensis under two

temperature conditions
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Fig.4  Searching efficiency curves of predators rove beetle and spider to the adults of leafhopper Thaia rubiginosa under two

temperature conditions
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2.4 ANIRLHLE T A B R G 1 B e X A B R

ST PR BRI PR IR A3 1 B 2 8 Xt Aty ) A5 skl R e %)~ I Ak oy A Y K 2 A
F 3. AR 3 AT AR AR S R DA OC R - {HAE 0.954 % 0.999 [H], IR T r g0y 4, [ 0.917, 3
W3k SE R [ B 9% B 5 HAl B i W 3 AR OC . 28R 5 3 5 M AGE 06, 47l 5 ) A7 sk R g v % R RO T
TE N XCETE 6.145 x 1072 4.100 x 107 [] , B/NFXE o5 o) 1H 9.49 , UL L6 R & T Ha00 7 B34 R

by, PIREAR A M S B EATT A B A TN

£3 FMEETRBRMMNGEESSZEEYEHRRERMMH SR R TR ER R SHE

Table 3 Models and parameter values of intraspecific interference effect of predators rove beetle and spider at different densities of their

individuals preying on the adults of springtail and leafthopper under two temperature conditions

B WA ANy HXRH BIHEQ TR R E m
T m%t Predators Intraspecific interference Correlation Searching Interference X?
emperaiure Trecaiors effect equation coefficient constant effect coefficient
THERE R HKIRXE Experiments of preying on H. tiantaiensis
T I B H
2 ¢ :i; U j‘hq]ﬁzﬁ E=0.622P"7 0.954 0.622 0.75 3.110 x 1073
. juscipes adu.
) N
i,J\A(iﬂ%ka dult E=0.746P7 1% 0.999 0.746 1.64 1.901 x 107*
. subpiraticus adu
" B
UJKZEMEZEEH E=0.809p "1 0.998 0.809 1.14 2.107 x 107
P. subpiraticus subadult
BN AL N5
IIRECS SRR E=0.411P707 0.983 0.411 0.72 4318 x 107
P. pseudoannulata adult
BN E LI AT S
EPEISAE O AR E=0.946p~19 0.999 0.946 1.06 1.930 x 107*
P. pseudoannulata subadult
T Y T v
12C ﬁyf@ X,M (ﬁfﬁﬂw& E=0.163P7%7 0.970 0.163 0.57 9.626 x 107
. juscipes adu.
Vi Uk R
j;l iﬁiﬁiﬁi{*dduh E=0.182Pp7"7 0.999 0.182 1.07 8.950 x 107¢
. s ¢
) .
U7J<ZE%HUU$ E=0.762P7"4 0.995 0.762 1.46 7.166 x 1074
P. subpiraticus subadult
DI 25 3k e
BSRLAIRILIR E=0.226P70% 0.995 0.226 0.68 3.552 x 1073
P. pseudoannulata adult
VETRAED '
IRECIBE L LA E=0.719p 10 0.966 0.719 1.06 4.100 x 1073
P. pseudoannulata subadult
B R 935 Experiments of preying on T. rubiginosa
BRI B L
22°C ﬁ’%ﬁi ' aj:lfﬁ kL E=0.054P702 0.989 0.054 0.52 3.546 x 107
v ;
j;l ki&%?H Ll £E=0.053P77 0.998 0.053 0.67 6.145 x 1077
. Subpiraticus adu
) .
U7k§ﬂ%ﬂ¥ﬁiﬂ% E=0.095P7%% 0.992 0.095 0.99 1.576 x 1073
P. subpiraticus subadult
DA 25 3k e
BSRECsysR bk E=0.027P™*% 0.983 0.027 0.39 8.395 x 1077
P. pseudoannulata adult
DIER AL S T i
BSF LS Bk E=0.054p™*7° 0.995 0.054 0.70 1.840 x 107°
P. pseudoannulata subadult
T B
12<C ]?i?fij;ﬁaiﬂfﬁﬁﬁﬁ E=0.039P70% 0.989 0.039 0.82 2.965 x 107¢
) R
*UME%EEH E=0.027P7%% 0.979 0.027 0.45 1.357 x 1076
P. subpiraticus adult
) .
UJJ{ZE%QWAH E=0.027P70% 0.982 0.027 0.44 1.096 x 107¢
P. subpiraticus subadult
SIS E AL NN
AUFRECA £=0.026P07 0.971 0.026 0.73 3.035 x 107
P. pseudoannulata adult
LA 2305 Wk WP i e
BT ECSRL Bk E=0.039p 0% 0.988 0.039 0.80 3.134 x 107¢

P. pseudoannulata subadult

E B ERIR, P& #H %, E.Predation ratio, P:Predator density
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Fig.5 Intraspecific interference effect curves of predators rove beetle and spider at different densities of their individuals preying on the

adults of springtail Homidia tiantaiensis under two temperature conditions
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Fig.6 Intraspecific interference effect curves of predators rove beetle and spiders at different densities of their individuals preying on the

adults of leathopper Thaia rubiginosa under two temperature conditions
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Table 4 Predation preference of predators rove beetle and spider to the adults of leafhoppers and springtails under two temperature conditions

I BRI 1 ok B &= /3k Killed numbers

Numbers of T. rubiginosa e ke Y 2 il 4 IEHEARR
o T 80! Predators P KR gk Food selectivity index
and H. tiantaiensis T. rubiginosa H. tiantaiensis
MEE N 22 °C T RIS Experiments at 22 °C
5 Sk PR R A TR [ H i
) 0.60+0.25 8.00+1.30 4.44
15 3R &4 1k P. fuscipes adult * *
- rubici ) y .
5 T. rubiginosa and HUKIRAR U 1.40£0.25 9.80+2.80 2.33
15 H. tiantaiensis P. subpiraticus adult
, .
Tl7k3§§5fiﬂ£bk§l* 0.60+0.40 11.40£0.51 6.33
P. subpiraticus subadult
BZNA€ OLIINLN
) 0.20+0.20 5.80+2.04 9.67
P. pseudoannulata adult
WEZNE S 2
BAGFIRL K 0.80+0.37 12.60+0.51 5.25
P. pseudoannulata subadult
10 3k P - i HIOY K2 ik
1.20+0.20 3.80+0.58 3.17
10 kK & Hill 5 1ok P. fuscipes adult * *
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H A 5 ok s WAl & #/3k Killed numbers . .
Jﬁiﬂ [/:fmi ﬁfii inosa e } = s i IR
” T & Predators P PN N o Food selectivity index
and H. tiantaiensis T. rubiginosa H. tiantaiensis
10 T. rubiginosa and LK AR e J ke
10 H. tiantaiensis P. subpiraticus adult 1.40£0.51 7.20£1.02 514
Tuﬂ(z&%ﬂﬁhkﬁl* 0.80+0.37 6.40+0.51 8.00
P. subpiraticus subadult
BZNA€ OLIINLN
) 0.20+0.20 5.60+1.08 28.00
P. pseudoannulata adult
DAL H 2
PRSI AL 1.20+0.58 7.20+0.97 6.00
P. pseudoannulata subadult
15 3k g - i HWOY K23 AR
.40£0. .60£0. 3.
5 LR B dk P. fuscipes adult 1.4020.25 1.600.40 4
. rubiginos iy i
13 T rubiginosa and AVKIRAR IR 1.60£0.25 1.80£0.49 3.38
5 H. tiantaiensis P. subpiraticus adult
y .
$J7K5E%WBEH 1.00+0.32 0.80+0.37 2.40
P. subpiraticus subadult
PR 5
AURLUAIRR Ak 0.80+0.20 1.00+0.45 3.75
P. pseudoannulata adult
VAR S5 Wk W7 i
ISR LK 1.40+0.51 4.00+0.63 8.57
P. pseudoannulata subadult
IREEN 12 °C T IS Experiments at 12 °C
5 Sk A TR [
15 Sk R & il 4ok P. fuscipes adult 0.60£0.25 2.60£0.25 144
' ubigino » .
3 T rubiginosa and BUKIRER K 0.40+0.40 7.60+1.91 6.33
15 H. tiantaiensis P. subpiraticus adult
iy IV vk
%Aﬂ(ZEMEEﬁEM 0.20+0.20 9.00+1.34 15.00
P. subpiraticus subadult
WEZNSE
AR IR 0.00 2.00+0.55 —
P. pseudoannulata adult
DIREH i
ARSI 0.20+0.20 10.40+1.60 17.33
P. pseudoannulata subadult
10 3k 13 - R THMBOY KM
10 3k K 5 il 4k P. fuscipes adult 1.00£0.00 2.20£0.58 2.20
10 T. 1g y NS
0T. rubiginosa and HUKIRAR U 0.60+0.40 5.6020.51 9.33
10 H. tiantaiensis P. subpiraticus adult
iy
T}7K§E%RHEEEH 0.20+0.20 2.80+0.86 14.00
P.subpiraticus subadult
DL 2 55 ik B vk
AR IR 0.00 1.40+0.25 —
P. pseudoannulata adult
MFRLL 5
USSR UK 0.60+0.25 6.60+1.17 11.00
P. pseudoannulata subadult
15 3K 1S AT HIRHWOP K AR
5 KK &R ik P. fuscipes adult 0-80£0.37 1.00£0.32 375
13 T rubiginosa and TUIKIRARRR 0.80+0.37 0.6020.25 2.25
5 H. tiantaiensis P. subpiraticus adult
» .
Tiﬂ(ZE%fiﬂEh&‘% 0.33+0.33 1.00+1.00 9.09
P. subpiraticus subadult
WSS i
BRI 0.25+0.25 1.00+0.41 12.00
P. pseudoannulata adult
DERELS N
IR AL 0.40+0.25 1.20+0.37 9.00

P. pseudoannulata subadult
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Fig.7 The supercooling point (SCP) and freezing point (FP) of rove beetle and spider induced rapidly by two temperatures
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