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Abstrac t:The functiona l response and num erica l response o f fema le preda to ry m ite, Am bly seius cucum eris on first instar la r-

vae o f western flowe r thripsFrank lin iella occiden ta lis we re de term ined on impatiens and ivy ge ranium leaf d isks in the labo ra-

tory at 25 ℃ and a 16 h light∶8 h dark pho tope riod, and the nume rica l response w as conduc ted on im pa tiens. P rey density

ranged from 3 to 30 larv ae per lea f disk. The result show ed tha t the functional and nume rical re sponse fo llowed Ho lling Ⅱ

m ode.l The a ttack ra tesw ere 1. 194 7 and 1. 044 7, hand ling tim e(Th) w ere 0. 057 5 and 0. 126 4 d respective ly on im pa ti-

ens and ivy ge ranium. The nume rical response could be expressed asN a =0. 275 5N /(1+0. 183 1N).

K ey words:Amb lyseius cucum eris;F rank liniella occiden ta lis;func tiona l re sponse;num e rica l response

CLC num ber:S436. 3　　　　　Docum ent code:A　　　　A rtic le ID:1001-411X (2006)03-0035-04

胡瓜钝绥螨对西花蓟马的功能反应和数值反应

郅军锐
1, 2
,任顺祥

2

(1贵州大学 昆虫研究所 ,贵州 贵阳 550025;2华南农业大学 资源环境学院 生物防治研究室 , 广东 广州 510642)

摘要:在温度 25 ℃、光照 16 h的人工气候箱里研究了胡瓜钝绥螨雌成螨在凤仙花和天竺葵叶片上对西花蓟马 1龄

若虫的功能反应 , 以及胡瓜钝绥螨雌成螨在凤仙花叶片上的数值反应. 结果表明 , 胡瓜钝绥螨对西花蓟马的功能反

应和数值反应均为 H o llingⅡ型. 在凤仙花和天竺葵上胡瓜钝绥螨的攻击效率分别为 1. 194 7和 1. 044 7,处理时间分

别为 0. 057 5和 0. 126 4 d, 数值反应方程为 N a =0. 275 5N /(1+0. 183 1N).
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　　W estern flow er th rips (WFT), F rank liniella occi-

dentalis(Pergande), is themost serious pest and cause

tremendous dam age and econom ic in jury in the w o rld.

Itw as first repo rted in C hina and caused serious damage

in 2003
[ 1-2]

. WFT no t only directly damage the flow ers

and fo liages by feed ing and ovipo sition, bu t also trans-

m it tom ato spotted w ilt v irus and impa tiens necrotic spo t

virus, tw o serious v iruses in vegetab le and o rnamenta l

crops.

It is difficult to contro lWFT because it deve lopped

the insec ticide resistance, and had a large number of

hosts
[ 3]
. The predatory m ite Amblyseius cucumeris is an

effective b iolog ical con trol agen t forWFT
[ 4-7]

. Commer-

cia l availab ility gives a brigh t fu ture to use the predatory

m ite. Impatiens and ivy geranium are themost econom i-

cally impo rtan t flowe ring o rnamental crops. How eve r,

impa tiens and ivy geranium frequently incur serious

damages from WFT. The interactions of the predatory

m ite andWFT on the impatiens and ivy ge ranium have

no t been understood tho rough ly, the func tiona l and nu-



merical response is one desc ription of the predator and

prey rela tionship, and is a basic for effectiveness of u-
sing the predator to contro lWFT. There is little wo rk

has been done on functional and numerica l response of

A. cucumeris onWFT
[ 8-10]

.

A. cucumeris was in troduced to C hina by Fudan u-
nive rsity

[ 11]
and Institu te of P lant Protection, the A cad-

emy of Agricu ltural Sciences of Fu jian Prov ince
[ 12]

. A.

cucum eris cou ld be mass rea red and so ld as product
[ 12]

to contro l spider m ites in Ch ina. Th is study evaluated

the predation efficiency o f predatory m ite A. cucumeris

as a b io log ical control agent o fWFT, wh ich can prov ide

useful informa tion of using A. cucumeris to contro lWFT

in China.

1　Mater ial and m ethods

1. 1　Mater ial

1. 1. 1　Predatory m ite　A. cucumeris was bough t

from koppert bio log ica l system s, M ich igan , USA.

1. 1. 2　F rank lin ie lla occidenta lis(WFT)　WFT co l-
ony w as ob tained from a virus-free labo ra to ry colony

ma in tained in the Department o fEn tomo logy, Unive rsity

of Ca lifornia-Davis. A co lony w as subsequently ma in-

tained in plastic containe rs on green bean in laborato ries

in the Departm ent of Entomo logy, Kansas S tate Univer-

sity, USA. To obtain a uniform aged cohort o f first in-

star la rvae of WFT, the bean pods in wh ich the eggs

have been laid by adultWFT were co llected eve ry day

to kept for eclosion. Only first instar larvae wh ich in

co lor o fw hite we re used as prey for predatory m ites.

1. 2　Methods

The experimentw as conducted at 25℃, Pho tope ri-

od 16 h light∶8 h da rk at g row th chamber in theDepart-

men t o f Entomology, K ansas S tate Unive rsity, USA.

1. 2. 1　Rearing units　Preda tory m ites rea red indi-
vidually on p lastic surface substratum in pe tri dish,

Canada ba lsam and casto r bean o il(V∶V =1. 5∶1. 0)

was used around the edge as a barrier. To ob tainm ites

for testing, fem ale preda to rs selected from co lony w ere

placed in pe tri d ishesw ith first larvae o fWFT, and le t

the fema le p redato rs lay eggs for 8 h, new ly ov iposited

eggs we re collected and placed in petri dish, after ha-
ting, individual o f la rvae w as placed in petri dish and

fed w ith enough first larvae ofWFT until they reach to

adu l.t A pair of new ly emerged fem ale and ma le w ere

placed in new petri d ish and supplied enough la rvae of

WFT for 2 d, then theWFT were deprived and le t the

preda to r hung ry for 24 h.

1. 2. 2　Expermi ental units　The preda tion trailsw ere

conducted on fresh impatiens (cultivar of ‘ Impulse O r-
ange’ ) and /o r ivy geran ium ( cultivar of ‘ Syb il

Ho lmes’ ) leaf disk , the leaf w as upside down on the

w a ter-sa tu ra ted foam in pe tri dish. An arena of approx i-

ma te ly 12 cm
2
was bo rde red by Canada balsam and cas-

to r bean o il(V∶V=1. 5∶1. 0).
1. 2. 3　Functiona l response　The different prey den-

sities o ffe red to a sing le fem ale predato ry m ite we re 3,

5, 10, 15, 20, 30. To obta in the required initial den-

sity of prey, the first instar larvae ofWFT were trans-

ferred carefu lly to each leaf desk using a fine b rush, a

sing le adult fema le predatory m ite which had been de-

prived food for 24 h w as then placed on each lea f disk.

A fte r 24 h, the preda tion areasw ere exam ined to reco rd

the number o f fed-upon WFT la rvae. Contro ls (no

preda to rs) we re se t up fo r each prey density to check

the natural mortality. The re w ere 13 replicates pe r

treatmen.t

1. 2. 4　Num er ical response　Each leaf w as infested

w ith one fem ale preda tor andWFT at densities of 3, 5,
10, 15, 20 o r 30 indiv idua ls. B efore expe riment, the

female preda torsw erema in tained w ith conspecificmales

for 2 d to allow mating and supplied enough first instar

larva lWFT, then deprived food fo r 24 h, and the fe-

ma le sw ere transferred to the p lastic dishes. The preda-

tion areas we re exam ined to record the number o f fed-

uponWFT larvae and eggs laid da ily, then the fem ale

adu lt predators w e re removed in to new leaf disks. The

experiment lasted fo r 10 d. Bu t the da ta on first th ree

day sw ere deleted, so theWFT consumed and the eggs

laid w ere ave rage of the da ta of seven days. Contro ls

(no p redato rs) were set up for each p rey density to

check the na tu ra l mo rta lity. There w ere 13 replicates

per treatmen.t

2　Results

2. 1　Functional response

Therew as no t any dead ofWFT on contro l, which
show ed the natural mortality o fWFT on impa tiens and

ivy geran ium was ze ro.

The functional response data for the fema le adu lt

A. cucumeris on first instar larvaew as successfully fitted

to the Ho lling Ⅱ disk equation bo th on impa tiens and

ivy geran ium (Tab. 1 and Fig. 1). The disc equation

w asN a /P =aNT /(1 +aThN). The N a was the num-

ber of successfu l a ttacks per predator (P) during the

special time pe riod (T), which in th is experimen tw as
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1 d, N was the initial density of the prey o ffered, and a

was a ttack rate, Th was the tim e required to hand le the

prey. A cco rding to the da ta on tab le 1 , the Th was

0.057 5 and the a was 1. 194 7 on impatiens, wh ileT h

was 0. 126 4 and the a was 1. 044 7 on ivy geran ium ,

so the equa tion cou ld be exp ressed as:N a =1. 194 7N /

(1+0. 068 7N)(R
2
=0. 963 4) andN a =1. 044 7N /

(1+0. 132 1N)(R
2
=0. 994 3) on impatiens and ivy

ge ranium respective ly.

Tab. 1　Mean num ber of the first instar larvae ofFranklin iella occiden ta lis k illed by fema le adu lt ofA. cucumeris atd ifferen t

Frank lin ie lla occiden ta lis densities on impatiens and ivy geran ium over 24 h per iod at 25 ℃

item 3 5 10 15 20 30

impa tiens 2. 85±0. 10 4. 77±0. 17 8. 77±0. 39 9. 08±0. 75 9. 30±0. 53 9. 23±0. 36

ivy ge ranium 2. 23±0. 20 3. 23±0. 32 4. 31±0. 51 5. 23±0. 36 6. 15±0. 44 6. 08±0. 45

F ig. 1　Functional response o f fem a le adult of A. cucum eris on

the first insta r larv ae o fF rank liniella occidentalis on the

im pa tiens and ivy geran ium

2. 2　Numerica l response

The nume rical response of A. cucumeris on impa-

tiens to increasing density ref lected a type Ⅱ response

(Tab. 2, Fig. 2). The rela tionsh ip could be expressed

asN a =0. 275 5N /(1+0. 183 1N) (R
2
=0. 929 7).

M o reover, there w as a h igh co rrela tion o f eggs laid of

A. cucumeris and WFT consumed , the ir re lationship

cou ld be expre ssed as:y =0. 224 3+0. 111 0x (R
2
=

0. 880 7). W here x was the mean numbe r ofWFT con-

sumed by pe r fem ale preda to r per day, y was themean

number of eggs la id by per female predator per day.

Tab. 2　TheM ean num ber of eggs laid and the fir st instar larvae ofFrank lin ie lla occiden ta lis(WFT) k illed by fem ale adu lt

ofA. cucumeris per day at d ifferen tFrank linie lla occiden ta lis densities on impat iens

item 3 5 10 15 20 30

WFT consum ed 2. 92±0. 04 4. 60±0. 06 8. 02±0. 30 6. 90±0. 23 9. 22±0. 25 8. 74±0. 28

egg s laid 0. 55±0. 05 0. 64±0. 06 1. 13±0. 05 1. 18±0. 06 1. 20±0. 06 1. 13±0. 05

F ig. 2　The mean number o f egg s la id per p reda to r per day a t

differen tFranklin ie lla occidenta lis densities

3　D iscussion

The functional response exhibited by A. cucumeris

was reasonab ly w ell described by Holling Ⅱ mode.l

The func tiona l responses ofA. cucumeris to va rious sta-

ges o fPolyphagotarsonemus la tus
[ 11]
, WFT

[ 8, 10]
all fol-

lowed Holling Ⅱ mode .l In the presen t study, the

functional response curve reached a p la teau a t10 and 6

WFT larvae, wh ich w as the m aximum numbe r that

could be eaten on impa tiens and ivy ge ranium leaves in

24 h respec tive ly, Ship andW hitfied
[ 8]

suggested that a

max imum o f 10 and 7 first instarWFT cou ld be eaten

on sw eet peppe r and cucumber leaf d isk respective ly.

The differen t in the prey consumed among p lants sug-

gested that the plan t tra its inf luence the prey preda to r

interaction
[ 8, 13-14]

. Fo r example, the density o f tri-

chomes on leaf may disrup t the movement of preda to r

and prey. The impatiens leaves are na tura lly smooth

and free of leaf ha irs, which m aybe benefit the m ite

activ ity, while the re w ere many trichomes on ivy ge ra-

nium , thism ight be the reason theWFT consumed fe-

wer than on impatiens.

In the resu lts, the attack ra te (a) was 1. 194 7

on impatiens and 1. 044 7 on ivy geran ium , wh ich w ere

bigge r than 0. 967 4 (on cucumber) and 0. 87 0(on

sw ee t peppe r), the handing time Th was 0. 057 5 on

impatiens, wh ich w as sim ilar to 0. 062 on sweet pep-

pe r, Th was 0. 126 4 on ivy ge ranium which w as sim ilar

to 0. 124 on cucumber
[ 8]
. The big a ttack rate and low-

e r handing time ind ica ted tha tA. cucumeris was e ffec-

tive predator on impatiens and ivy geranium. Wha t's
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more, the a ttack rate w as b igger and hand ing time w as

low er on impa tiens than on ivy geranium indicated that

A. cucumeris was more effective preda to r on impa tiens

than ivy geranium.

A. cucum eris killed WFT by p iercing the larvae

and sucking out the body con tents. Itw as the most ef-

fec tive against the small first instar stage. The second

instar thrips and th rips adults would attack the preda-

to ry m ites by strik ing ou t w ith its abdomen. In addi-

tion, thrips excreted aw e t substance that cove rs preda-

to ry m ites, the m ites then spend time cleaning them-

selves instead of attacking thrips
[ 15]

. Howeve r, it has

the advantage of being m ass reared in large numbers,

which make it su ited fo r inunda tive re lease and w ide-

sp read used.

The expe rimenta l area of the leaf disk in labo ra to-

ry w as re latively sm all, and only one surface exposed,

which made it easy for predator to find its prey. Fur-

thermore, in na tu re, various life stages of p rey and

preda to r coexist, and severa l prey as we ll as predator

species may appear simu ltaneously on a single leaf

and /o r plan.t The re fore, these labo ratory results may

not exac tly correspond to the nature situation, but

w ou ld be usefu l for assess the popula tion dynam ics and

eva luating the preda tor contro lling ab ility. It would be

in teresting to investiga te how the responses o f predators

found in laboratory studies w ith simple sing le preda to r-

sing le prey sy stems, reflected the ir responses in natu re

in w hich system s are likely to be more complex, and

fu rther stud ies for A. cucumeris and WFT shou ld be

conducted unde r bo th laborato ry and natu re conditions.
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