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Associations between weather factors and the spring migration of the horned gall

aphid, Schlechtendalia chinensis
LI Yang, YANG Zixiang” , CHEN Xiaoming,LIU Ping, TANG Yifeng

Key Laboratory of Cultivation and Utilization of Resource Insects of State Forestry Administration; The Research Institute of Resource Insects, Chinese Academy

of Forestry, Kunming 650224 , China

Abstract: The Chinese gallnut, an abnormal plant growth formed by larvae of Pemphigidae aphids, is a local specialty of
China that is valued as a commercial product for export. Schlechtendalia chinensis is the main commercial aphid species that
induces formation of horned galls, which constitute approximately 75% of the global Chinese gallnut yield. Like other Rhus
gall aphids, S. chinensis is host species-specific, and can only induce gall formation on its primary host plant, Rhus
chinensis. The life cycle of S. chinensis includes six forms; spring alate migration ( sexuparae) , sexuale (female and male
morphs) , fundatrix, apterous virginoparae, alate virginoparae ( autumnn alate migration ), overwintering nymph; and
alternation between R. chinensis and certain secondary hosts (mosses). In early spring, alate aphids ( sexuparae) migrate
from mosses to R. chinensis and produce male and female sexuales, which mate in cracks on the bark. Each mating female
sexuale produces a fundatrix through ovoviviparity. The fundatrix crawls to a tender leal and inserts her stylets into the
upper surface of a leaf-wing or leaflet to feed. This causes a small depression, which soon deepens and finally encloses the
fundatrix. The horned gall results from the small globular protuberance appearing on the underside of the leaf-wings, and is
usually induced by a single fundatrix. Therefore, the numbers of S. chinensis spring migrants can influence the yield of

horned galls in a given year. The migratory habits and quantitative dynamics of S. chinensis were observed in a plastic green
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house from 2009—2010 in Emei mountains, Sichuan province, where the species is naturally distributed. Results show that
the migratory behavior of S. chinensis is closely related to weather conditions. During the migratory period, spring migration
began when daily mean temperature was higher than 9 °C, daily maximum temperature was higher than 13 °C, and mean
relative humidity was below 80% . Massive migration occurred when daily mean temperature was higher than 15 °C, daily
maximum temperature was higher than 22 °C, daily sunshine was longer than 7 hours, and mean relative humidity was
below 65% . The number of migrants increased with increasing daily temperature at early and middle migratory stages. The
quantitative dynamics was single peak type, and the number of daily migrants was lower in both early and late migratory
stages but higher in the middle migratory stage under suitable weather conditions. The number of daily migrants showed
strong fluctuations, which appeared as two or more peaks and a prolonged migratory period. Further, the number of
migrants was lower during bad weather conditions. Correlation analysis and principal component analysis showed that the
number of daily migrants had high significant positive correlation with daily mean temperature, daily maximum temperature
and daily sunshine hours (P<0.001), but had significant negative correlation with mean relative humidity and minimum
humidity (P<0.05). The number of daily migrants had no significant correlation with daily minimum temperature and
rainfall (P>0.1). Results indicate that the migration of S. chinensis is affected by weather conditions, with principle

factors being temperature and humidity, followed by sunshine.
Key Words: Schlechtendalia chinensis; spring migrant; migration; quantitative dynamic; weather factors
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Fig.1 The daily quantitative dynamic of S. chinensis migrant from 2009 to 2010 in Emei, Sichuan Province
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x1 TREE TR AETFESIVHI CHRT CHELR

Table 1 The migrantory periods and quantities of S. chinensis migrant in different years and locations

AT RS . . &k
ol B ek e TR
R WO Hb 5 . X Date of migrantion
. ) Amounts of migrant Percent of Period of
Year Amounts of overwinter Location (TP A . L% . tion/d / (' month/ date-
larva/ ( J13k/ m? ) m”) rugran ‘ fgrantion/c month/ date )
2009 2.42 Ik 2.15 89 10 3-16—3-25
E W 2.25 94 6 2-22—2-28
2010 1.85 g% & 0.75 41 20 3-16—4-3
E W 1.68 91 8 2-24—3-3
2011 1.76 Ik JE 0.58 33 19 3-31—4-18

e R S B 2 IEAH DG (P<0. 001 ), 55 S SRR B 5 i 3% TR 56 (P<0. 05 ) |, 5 f/INFR X 10 B S A0 2
TR (P<0.01) , H MR AFE AR AR R E (P>0. 1), UL H AT SEY AR H & E SR F
AL XA P8 Y e/ IN A X B X A o 2T A A e 3 R, Hoh e R R AR R R B 3 (R<0.586) L i H
AR AN K X BT W T AN S R AN B3 (P>0. 1), SR H T Z R A A IR
N5 H B W8 IE A SC S R | SR AR 7 2 3 UM G E &R iRk i 5 H IR B IR
/ISR A R AN W (R 2) .

®2 AEFETHT CENRSSRETHREMEN R (00)IIR)E)

Table 2 Correlation relationship between the daily migratory percentage of S. chinensis migrants and weather factors in Emei mountains,

Sichuan Province

LSS

Correlation X, X, X5 X, X X X Y P

coefficient
X, 1.000 0.445 " 0.680 " -0.053 -0.103 -0.559 " -0.722*" 0.499 ** 0.000
X, 1.000 0.932 " 0.828 " -0.314"  -0.589"" -0.597 " 0.500 ** 0.000
X 1. 000 0.583 " -0.293"  -0.663"" -0.768 ** 0.586 " 0.000
Xy 1.000 -0.258 -0.319" -0.198 0.201 0. 166
X; 1. 000 0.384 " 0.228 -0.251 0.082
X 1.000 0.892*" -0.342" 0.016
X5 1.000 -0.425"" 0.002
Y 1.000

w,w w R 5% 1% M B3EKF X, HBBEIEL(h) 5 X, FRR(C) X5 HEEARIR(C) 3 X, - HEARSIR(C) s X5 FEFN R (mm) ;
Xo FEIANHREE (% ) 3 X7 . HIR/MEXHRE (% ) ;Y. FEH HIE CESH(%)

2.5 RN G T ESR

SRy ik — A BB 5 T o WK DGR R SR FH 2 40 A3 AT T X 2009—2011 4F ik 8 A 3 WA A Rl
7T AHAEH T H IR X, CPAOR X, | H S R X H SRR X, BT X SRR EE X, | H
INAXHREE X, AT R 434

M3 A AE W S — RIS 0 BT OTRR N 78.92% , 215 s BN 80% | DN Ik A — FIER
TEBUT . RIS REE T 0 E R (R EE IO NHES) (R 4) - ENS FE S HERSRIR CEY
AR Fe /KR ISP R AR X B AR DG, BRI IE R 58 R EE S H BRATB G, ol H BRI,
5B — R M TTER R R K, R 59. 23% , R BRI BE X BRI RIE R R, 2R — R H s R
MIEERAK, 70.95, RUE T ML H T, Him A2 EEMEWE R, 5 F 80 stmiEhy
19.96% , =2 h H BB BT E , 2k (B M 0. 77,
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&3 2009—2011 FIEEFIF T CHABSKEFERS ATHITERH IR
Table 3 The descriptive statistics of weather factors in Emei during the migratory period from 2009 to 2011 by principal component analysis

Rt

T HME b2z FHOE(E Dk .
- - . _— Accumulative
Principal component Mean Std. deviation Eigenvalue Contribution rate/% o
contribution rate/%
Y, 4.10 4.36 4.15 59.23 59.23
Y, 12.62 3.47 1.38 19.69 78.92
Y, 17.57 4.86 0.88 12.56 91.48
Y, 8.97 2.94 0.45 6.44 97.93
Ys 1.71 2.66 0.11 1.53 99.45
Ye 71.43 11.94 0.03 0.50 99.95
Y, 47.27 14.79 0.00 0.05 100. 00

R4 2009—2011 FIFEFIFI CHANBSKEFER S FHE
Table 4 Weight value of weather factors in Emei during the migratory period from 2009 to 2011

AT S 5
Daily weather factor First principal component Second principal component

X, 0.95 0.05
X, 0.90 0.38
X, -0.87 0.40
X, -0.84 0.22
X, 0.68 -0.60
X, 0.58 0.77
X, ~0.42 -0.27

2.6 IREXT R IE B R 30 . —o— FHE - w - AR —a— R

RE RN ETY T W ESHE, HREAHE
EWF YR = 10C I iRE & PR E = 15C K
IE 6 I REE 5 AR B ARG 7RI S AR
TR i B AR B T R T R, BE SR B R R T
AU HE 2009—2011 ARG KBRS O

Y

B B R R ~ -m

{5 Temperature/°C
“w S &
EE \

(AL BN, T ATt T 5 2 )G R ) 76 5L Hblgk 2 2 2 2 2 2 2 2 & &
H i Date

J& ,2009 4EAECHIN, HE AR =11.8 € H &
BRI =20 °C, NI R B0 T, BT i g B2 2009 EREHEGEEM A TSR, ARESRNRMK
FECRCRBASCR O TR T, B0 5 Kok, TROVIRED

B H TR 1. 2) . 2010 4E 9 EE &0 910 2 Fig.2 The daily mean temperature, maximum temperature and
BRI ARAR A T SRR, B 1 KRB 7 K,
H PR 8.8 C M= 2] 18. 1 °C | H e il
M 15.8 CTHmF] 23.6 C, FEWFHE CEEBE RN THE Mg 5 8 H LS, HSFESEM 17 € FRER
5.4 C ARG EIFHE 1.5 C/EX TR 8.7 C , FEM U IR R M 3d(3 27 28 HF4 H4 H)iE
K HA 11d AT, HiT © R SSEM TR —2 (1, B 3), 2011 455 I, 130 s <R
A AR TR, F IR H i R SR TR — 30 WS 1 KRB 9 X, HEEHARIRAE
7.8—12.5 C FmIRAE 9.6—17.7 CHZZ), FiEWUELPRIRK M3 A3 H31 H4 A2 HH6
H)A#AE € A 6 d BA T €5 10 RUUS, HPFESEM 11,1 CE#T EFHE] 18 C e M 17.7
C EFE25.4 C TR 23] 7 ORI & FA D 2L BRERIA FITWHE € HT CRE
HTRE(E L, E4),

minimum temperature during the migratory period of S.

chinensis at 2009 in Emei, Sichuan Province

http ; //www. ecologica. cn



9 1 A R P AT SR T W S S L S AR N TR 2831
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Fig.5 The daily sunshine hours during the migratory period of S. chinensis from 2009 to 2010 in Emei, Sichuan Province
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