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Consumption of Damson-hop Aphids (Phorodon humuli) by

Larvae of Coccinella transversoguttata and Hippodamia

convergens (Coleoptera: Coccinellidae)

C . A . M . CAM PBEL L É and W. W. CON E 2

1 H orticulture R esearch International, East M alling, Kent M E19 6B J, UK;
2 Irrigated A griculture R esearch and Ex tension Center, W ashington S tate

University, P rosser, W A 99350-9687, U S A

(R eceived for publication 10 January 1998; revised manuscript accepted 28 A ugust 1998)

B ased on biom ass, larvae of H ippodam ia co nvergens GueÂrin consum ed an averag e of 318

adult damson-hop aphids ( Pho rodon humu li ( S chrank ) ) , during their develop ment at 20ÊC.

Fem ale larvae of Coccinella tran sversogu ttata Falderman ate 413 adult P. humu li and males

ate 357. T his diVerence in the consumpt ion of prey occurre d only in the fourth stadium

and was re¯ected in a correspo nding size dimorphism between female and m ale larvae at

pupat ion.

Keywords: Pho rodon humu li, Coccinella tran sver sogu ttata , H ippodam ia co nvergens

INTRODU CTION

H ippodam ia convergens G ueÂrin and Coccinell a transversoguttata Fald erm an were the most

num erous p redato rs o f the damso n -hop ap h id (Phorodo n hum uli (Sch rank )) repo rted in a

st udy o f the im pact o f natu ra l enem ies o f the aphid on hops in Washingt on State (C ampbell

& C one, 1994). As par t o f an in tegrated chem ica l±b io logica l app roach to the managemen t

o f th is aphid , it is im po rtant to determ ine the co nsu mp tion of p rey by pred at ors. H owever,

o ther than a study by C lausen (1916 ) u sing H . convergens, data a re lack ing. C er ta in

genera liza t io ns ab out the co nsum p tion of aphid s ca n be made from the literatu re bu t , a s

po in ted ou t by W ipperfuÈr th et al. (1987) , no t all sp ecies o f aphid a re eq ua lly su itab le d iets

for coccinellids. H odek and H oneÆk (1996) reviewed the su b ject of the su itab ilit y o f differen t

p rey sp ecies fo r Coccinellid ae.

M ETH OD S

L arva l co ccinellid s were ob tain ed by isola t in g ®eld-collected , m ated fema le beetles in

ventilated p la st ic boxes with aphid s as food and with water until th ey oviposited . L arva e
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were rea red from eclo sion to pupatio n in gela t in e capsu les (size 00) on ap terous adult

damso n -hop aph id s at 206 1ÊC. T he larva e were presen ted ea ch day with an excess o f

aph id s. The weigh ts o f aph id tissue consu med by individua l la rvae and the co rrespond ing

weights o f the larva e were reco rded 1±3 t im es each day using a Sa rto rius m icroanalytical

ba la nce (sen sit ivity 0.1 lg) (Sa rto riu s, G oÈ t t ingen , G erm any). The co nt ro l treatm en t was a

capsu le lo aded at th e same tim e wit h sim ilar num bers o f aph ids and no p redato r. The

percen tage weigh t lo ss between inspection s by co nt ro l aph id s (average 9%) was used to

ad ju st the weigh ts o f prey co nsu med by p red ato rs in the sam e tim e in terva l.

F ifteen newly hatched la rva e o f ea ch sp ecies were u sed in the exper im en t from which

seven fem ale plu s seven ma le C . transversoguttata and ®ve fema le plu s seven ma le

H . converge ns pupated and em erged su ccessfu lly. D at a from beetles no t co m pletin g develop -

m en t were d iscarded . The data were ana lyzed a s from a 22 (two sp ecies3 two sexes)

fa cto ria l design , rep licated seven -fo ld . The two fem ale H . converge ns needed to bala nce the

exper im en ta l design were trea ted a s m issing va lu es.

R ESU LTS

Fou rth -instar co ccinellid s were the only la rva l stage to ingest who le ap h ids. Younger la rva e

d igested their p rey extra -o ra lly, su ck ing ou t the body ¯u id s and disca rding the so lid rem a in s.

L arva e of C . transversoguttata co nsu med a sign i®can tly great er weight o f damso n -hop

aph id s than H . convergens la rva e, bo th in to ta l (F
1 ,2 2 5 19.8; P < 0.001) and du ring ea ch of

their ®rst (F 5 4.92; P < 0.05) and th ird (F 5 44.05; P < 0.001 ) in sta rs. Fou rth -in sta r fema le

la rvae o f C . transversogut tata also consu med more than the eq u iva len t-stage la rva e o f

H . convergens (t 5 2.90; P < 0.01), a lthough m ales did no t (F igure 1(a)). W ith in ea ch larva l

st ad ium , ma le and fema le H . convergens co nsu med sim ilar weigh ts o f ap h ids, a s d id tho se

o f C . transversoguttata during their ®rst th ree in sta rs (F igu re 1(a )). Size d im orph ism in the

lat t er sp ecies becam e appa ren t on ly in the four th instar, a s m a le larva e ate sign i®ca n tly less

than fem ales in that stad ium (Table 1: F 5 7.35; P < 0.05 fo r sex±sp ecies in tera ct io n ). Fourth-

in sta r ma le C . t ransversoguttata ate 27 tim es a s many aph id s a s they did in their ®r st in sta r,

whereas the o thers ate 34±38 tim es more.

The la rva e o f C . transversoguttata were signi®ca n tly heavier th an tho se o f H . variegat a at

th e end o f their second instar (F igu re 1(b ): F 5 6.13; P < 0.05). The d ifferences between the

two sp ecies in crea sed with su ccessive m oults (F 5 82.13 and F 5 188.21; P < 0.001) . Size

d im orphism in C . transversoguttata developed in the four th stadium (F 5 11.27; P < 0.01

for sex±sp ecies in tera ct ion ) with fema le la rva e being 20% heavier th an ma les. M a le and

fema le larva e o f H . convergens d id no t d iffer sign i®ca n tly in weigh t (F igu re 1(b )).

D ISCUSSION

In the p resen t study, the est im ated consu mp tion o f prey by the p red ato rs was adju sted fo r

the weight lo ss o f aphid s in the absence o f a pred at or. Inju ry or death ca used by the p red at or

bu t without co nsum p tion wou ld ca use addit io na l weigh t lo ss in the group with the p red ato r

and so cou ld resu lt in an overest im ation o f actual consu mp tion o r su ggest less ef®ciency in

food co nversion . Prey dam aged in th is manner by ®rst - to third-in sta r p red ato rs (fou rth -

in sta r la rva e ingested whole aphid s) may be d ist in gu ished from those k illed and fed upon ,

a s the lat ter were d iscarded a fter feeding a s ¯at ten ed husk s. E rror s from pro¯igate prey-

cap tu re beh aviou r were p robably sm a ll fo r th e p redato r±p rey co mb in atio n s stud ied here, a s

the est im ated consu mp tion ®gu res fo r la rva e o f H . converge ns o f 3096 34 and 3286 34

damso n -hop aphid s fo r fema les and m ales respectively (Table 1) a re sim ilar to the 3086 82

found by C lausen (1916 ) on the same diet . Sim ilarly, C lau sen (1916 ) sh owed that 73% of

food eaten by la rvae o f H . convergens was co nsu med in the fou rth stadium , com pared with

the ®gures from the p resen t study o f 72 and 74% fo r fema le and ma le la rva e respectively.

H odek and H oneÆk (1996; Table 6.32) sum marized the p ropo rt io ns o f p rey ea ten by ind ividua l
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C ON SU M PT ION O F DA M SO N -H O P A PH ID S BY C OC C IN EL LID S 77

F IG U R E 1. (a ) The mean weigh t of P . humuli eaten by la rvae of H . convergens and C . transversoguttata

du ring development. (b) The mean weight of la rva l coccinellid s at the end of each stadium.

(Vertica l lines a re 5% least signi®can t differences.)

in sta rs fo r 11 sp ecies o f aph idophago us co ccinellid , wh ich va ried between 45 and 82% in

the four th stadium .

La rvae of C . transversoguttata a lso co nsum ed app roximately 70% of their p rey du ring the

fou rth in sta r, co mpa red with 83% found by Shands and Sim pson (1972 ) with M yzus persica e

a s p rey. The num bers o f P . hum uli eaten here by C . transversoguttata were lit t le more than

ha lf tho se on M . persicae, a clo sely related and sligh tly la rger sp ecies. A lthough the ®nal

la rva l weigh ts of C . transversoguttata were heavie r by 88% (fema les) and 52% (m a les) th an

tho se of H . convergens (F igu re 1(b )), th e 30% extra weight o f aph id s eaten by fem ales and

7% by ma les indicated that C . transversoguttata made m ore ef®cient use of the prey

co nsu med. The data su gges t , too, th at P . hum uli is a pa rt icu la rly nu tr it io us diet for this



D
ow

nl
oa

de
d 

B
y:

 [N
E

IC
O

N
 C

on
so

rti
um

] A
t: 

10
:2

5 
11

 S
ep

te
m

be
r 2

00
7 

78 C. A. M . C AM PBEL L & W. W. CO N E

TABLE 1. Est imated numbersa o f apterous adult P . hum uli eaten

by larva l coccinellid s (relative to ®rst-insta r predator in

pa renth eses)

H . convergens C . transversoguttata

Instar F emale M ale F ema le M ale

F irst 6.5 6.5 7.9 8.7

Second 17 (2.6) 19 (2.9) 19 (2.4) 21 (2.4)

Third 65 (10.0) 60 (9.2) 91 (11.4) 89 (10.2)

Fo urth 221 (34.2) 243 (37.7) 296 (37.3) 234 (26.9)

All 309 328 413 357

aThe average mass (6 standa rd deviation) of one adult hop aphid

estimated from weighing 10 samp les of 10 aph ids was 0.2056

0.0281 mg.

p red ato r, fa lling in to the ca tego ry o f `essentia l’ fo od fo r bo th p redato r species a s de®ned

by H odek and H oneÆk (1996) . M alyk and Robin so n (1971) sh owed that la rva e o f

C . transversoguttata ate 1.1±1.6 tim es m ore cerea l aphid s than tho se o f H . converge ns; th is

co m pa res well with the ®gu res in the p resent study o f 1.3-fo ld for fem a les and 1.1-fo ld fo r

m ales (Table 1).

The data p rovide a means fo r est im ating ap h id co nsum pt ion by individua l coccinellid

la rvae co llected from hops and fa cilita te pred ict io ns o f the likely im pact on the developmen t

o f ap h id popu la t io n s of varying the den sit ies o f these pred at ors. The resu lt s a re p resen ted

in term s o f num bers eaten of a standa rd -sized p rey item (in this ca se adu lt apterou s

P . hum uli). H owever, in the ®eld , p red ato rs would have the oppo rtun ity to atta ck the range

o f differen t-sized p rey en co untered while fo raging. The beh aviou ral su ccess of differen t-

sized aphid s at avo id ing cap tu re would be an im po rtan t fa cto r in¯uen cing an ind ividual

p red ato r’s pat t ern o f p rey co nsu mp tion , and this too wou ld have an im pact on ap h id

popu lat io n dynam ics.
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