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REGULI\TION OE AODY WEIGHT AND FECUNDIIY

tN Mcgoura oiciat (BUCKTON) I

A. B. BONNER andJ. B. FORD2

ABSTNACT

. The weight ofpre - reproductive adult bean - vetch aphids (Mcgowa

uiciaa )was conelated with their subscquent reproductive ratewhen lhc aphids

were reared in isolation but no correlation was found when the aphids were

crowded.

Nymphal rveight during the first 12 hours after birth uas rclated to thc

wcight of isolated parcnts, but in crowdcd aphids, this relatiorship only persists

for the first 2 hours. The rveight of parent aphids rvas shorwr to influence 32 p

uptaLe whcn aphids were isolated, but not unoer conditions ofcrowding.

INTRODUCTION

In many aphid species the individual aduls vary considerably in size

and weight Dixon ( 1970 )found a fourfold difference in weight in Drclamsiplunt

rltano;dcs (Schr. ) collectcd at different tiD6 ofthe ycar. Murdie (t969a)

showcd a twofold variation in weight in relation to crowding in Aeythosiphox

y'rszz Haris, aad Way and Banls ( I 967 ) found that changes in population den -
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sity could produce a sixfold variation in the weight ofaptaovs Aphis fabor Scllp.

Uadcr crowdcd conditions or on mature plants small aphids appear, whcreas

largc aphids develop on young or scncscent plants, or in isolation. Smallcr

adults dcposit feu'er nymphs and those deposited at the beginaing of thc rcpro-

ductivc phase arc smaller than average (Muraie, 1969b;Dixcn 1970). Thc

number aad size offirst bornl.prruz is correlated with parental wcight(Murdie

1 969 a ) and a relationship bctu'ecn parental weight and nymphal weight has

becn demonstratedfor D. platattoidcs ( Dixon 1970 ) uld A,fabac ( Dixon and

Wraten l97l). A similar relationship between adult weight and fecundity in

Mcgoura aiciaewasdiscussed by Bonner and Ford ( 1972 ).Way aad Banks ( 1967 )

suggcstthat production ofa range ofsizes by aphids may rcsult in the survival

of many individuals under crowded conditions or on poor quality host plants

which otherwisc rnight havc failed to survive. Thc effect on fccundity of a

rcduction in the reproductivc period, causcd by crowding, in clonal culturcs of

LITzus pcrstcac(Sub). has reccntly bcen discussed by Hodjat and Bishop ( 1978 ).

Crowding nymphs aflects the size ofthc subsequent adult aphids, and the size of

adults affects their fecundity( Peters and Barbosa, 1977). Horvcvcr, clowiding

adults also affects their fecundity even though the adula are of average sizc

( Dixon 1975 ). Hcnce, clowding may rcgulate thc population delsity by prod -

ucing sma.tl adults oflorvcred fccundity and by direct eflec* on adula. The

measuremcnts offecundity rcvicwcd above have usually been made by isolating

adurts of different weights and counting thc offspring produccd. This report ii
conccrncd with thc possible direct dlects of crowding on adult aphids.

MATEBIALS AIYD METHOIXI

The culturc of Mcgotra ciciae was maintaincd as described prcviously

( Bonncr and Ford, 1972 ). Uptake of sap rvas measurcd by feeding the aphids

fior 24 hours on bean leaves into which 32p ( lmCi/ml of water ) had beet incor -

porated, using thc reservoir showa in figure l. Radioactivity was measured

with an L C. N. Tracerlab gasflow counter.
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The honcydew was collccted on papcr strips staiacd with bromo - crcsol

grecn, and it activity was dctcrmincd using a Packard 72Ol radiochromatogram

scanncr. Aphids lr'erc ncighed on a Cahn G - 2 elcctrobalance,
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Fig. l- Apparatus uscd to fecd aphi& on cxircd beal leavcs,

irrigated with 32p, ald to collect thcir hoaeyderv;

' a. Bromocresol grccn paper; b. pcrspex cagc with

sliding lid; c. rcservoir; d. vcrtical support;

c, bcan lcaf; f. foam rubbcr; g. ncoprcne tubing;

h. fillcr tube.



REST'LTS

I )THE RBLATIONSTIIP BETWBBN PARENTAL WBIGHT Ai{D

NYMPIIAL PRODUCTION

ll. oiciac rcsembled othel spccics in that the wcight of pac - rcproductivc

adults was correlated with their sub,scqucnt rcproductivc ratc whea thcy wcre

rearcd inisolation onthc lowcr leaves of bean plants.This correlationwas significant

( P < 0. 0l ) Iior both the mean daily production of agmphs ,I(lUQand thc

rN
ovcrall rate of oroduction :11^EA

(Where ; N - aymphs produced per day ; a : aumber of aphids producing

N on any givcn day; D:duratiou of eryeriment in days; A:number of aphids

alivc on any onc day since orsct ofadult phasc) . The rcgrcssion lincs connecting

adult rvcight ( X )with these measurcs of rcproductive ratc wcrc calculated to

be:

2 
(N/t) 

o.szx + 2. ls: y
D

EJ! 
;r. o+x * r. 3r:y

2A
The mcan numbers of nymphs produced during each mccessivc thrcc

day pcriod of adutt lifc by isolated aphids wcre groupcd into fivc catcgdici

according to the initial weights of their parcnts. Thc hcaviet adults produced

the most nymphs (tablc I ).This rclatiolship between initial adult weight and

su@ucnt rate of reproduction suSScsE that the aphids which arc hcavicst or

lightdt at the beginning ofthc final instar remein in thc ramc weight rclation -

ship to one anothcr throughout the rcproductivc lifc.

This was confirmed by wcighing isolatcd .Phids cach day; thc wcighe

remaincd in substantially the same rclationthip to one anothcr and werc high$

corrclated with the numbcrs ofnymphs dcpocitcd in thc first 24 hours following

birth .

Thus, thc pre - rcproductivc wciSht of isolated ephids can bc uscd for

predicting rclative weights during thc remaiadcr ofthc adult rtage.
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By contlast, there was no significant diffcrence in the fecundity ofaphids

ofdiffereat initial weights when they were maintained under crowdcd conditions,

Aphids werc reared in 13 crorvdcd groups, each of l. 8 aphids per cm2, and

there $'as no correlation between the mean parental pre - rcproductive weight

and the mean rate of nymphal production based on the entire life span

(figure 2B). The mean numbers of aymphs produccd by the crorvded aphids

rvere pooled into four catcgories based on the initial weights of the parents

( table l. ).

Aualysis of variance of the data from both isolated and crowded aphids

( tablc I ) showed significant differences in nymphal production with time, but

only in isolatcd aphids was there a sigrificant differcnce ( p < 0. 0 l ) bctwecn

the rveight groups.

2. TI{E INFLUENCE OF ADULT WEIGHT ON NYMPHAL

WEIGHT

Dixou and \{ratten ( l97l ) have shown that large adults produce hcavy

nymphs and light adults produce lighter nymphs, but thcir adults were all

reared under isolated conditions.

Pre - reproductive parental rveight rvas significandy correlatcd ryith

the wcight of the oflspring produced by M. oiciae during the first 12 houn of
reproductivc life u'hen the adults were isolatcd( r:0, 66, P < 0.001 ).

Under crowded conditions, however, the weight ofthe pre - rcproduc -

tive aphids and the weights of the o{fspting produced within 12 hour periods

were not correlatcd ( table 2 ) except in the first gencration.

However, in a subsequent cxperiment in which aphids had bcen rcarcd

under crorvded conditions for several gencrations, nymphs wcre wcighcd

rvithin 2 houn of birth. In this case parcntal u'eight (Y) was corrclated

(p < 0. 0l ) with nymphal wcight(X);

Y:0.0l6X*0.043
Thus, the u'eight of 12 hour old nymphs produced by isolated pareats

is dircctly related to the weight oftheir parents,rvhercas,in the crowded nympls,
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. Ganeration E1 Parcnts l. 8g+0. 0B 2.56+0. ll
OfGpring 0.09+0. Ot 0. l7*0.03

Generarion F2 Parents

OlBpring 0. 15J,0. 02 0. t4-10.07
Generation F3 Parents 1.92+0.09 2,Sg+0. 14

Offspring 0.09r-0.01 0. 09+01

Ceneration tr'4 Parents 1.90+0.09 2. S3*0. l4
Oflspring 0.09.:0.01 0. l2+0.02

Table 2. The mean t'eight (mg) aad coafidencc limits of four genera -

tions of prercproductive adults and nymphs. Thc parents wcre

scparated into two I'eight groups during thc first three days of
rcproductivc lifc.

there is no correlation with parental weight if nyrrphal weighing is delapd
beyond two hours. Ttis diffcrence might be explained by di{Ierences in the

uptalc of the nymphs, since we found that the uptaLe of 32p from leavcs by
crowdcd nymirhs r,r as appreciably higher than by isolated oncs . In isotation the

small uptake offood has litde effect on thc weight ofthe nymph during the fint
12 hours aftcr birth, whercas crowded nymphs show a grcater variation in
uptake, and a corresponding variation in the weight of thc I 2 hour nymph.

3. THE UPTAKI' OF 32PBY APHIDS OF DIFFERENT WEIGHTS

The correlation betwecn nymphal productioa and adult weight in
isolatcd aphi& could bc explained if targer aduls take in more food aad hencc

have more matcrial available for nymphal production. The qucstion arises as

to whcther this is a rclationship betrvecn parental wcight of crowded aphids

and uptake. This relatiorship was invcstigated, using 32p.

Thc radioactivity of the aphids, their nymphs, and their excrctions

(collected on the bromocresol grecn paper scips )were each compared with

thc mear wcight of the aphi& ( tablc 3 ) .

The relulB ( table 3 ) indicatc that the wcight ol the isolated pareDt

aphidr inllucnccs thcir uptake of32p. The total activity rcmoved by the aphids

(i. e. the sum of activity ofthe adults, activity ofthe nymphs and activity cxcrc -
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a ) Adult counB

b ) Nymph counts

c ) Honeyderv counts

d ) Total a*b*c
e ) No. of nymphs

n:30
r': 0. 39

0. 40

0. 59.,*

0. 69*t*

0.63

Isolatcd Adhids ( adult rveight) Crorvded Ahids( adult rveight)

n:60
r: 0. 33

0.57

- 0.3l
0, 17

- 0. 16

Table 3. Corelation matrix shorving r values bett'een 32p counb and

wcight of adult aphids ( *", p <0.001; *rP <0'01)'

ted)was highly corrrclated ( p ( 0' 001 )with the l'eight ofthc aphids'

Furt-hermore, the results sub,stantiated the couclusion that parental

weight is correlated rvith the number ofnymphs produced( P < 0. 0l ) ' In crow -

ded aphids there is a na[ower adult weight range (see table I ) and there is no

correlation bett'ecn parcntal weight and the radioactivity in the aphi& or

their excleta. Parcntal weight was not correlated with the nunber of nymphs

pmduced by crowded aphids (r: -0. l6)nor was the latter correlatcd with

the radioactivity in the aphids or excretions.

coNcLusloNs

In isolated aphids thcrc seems no reason to doubt a simple rel.ationship

betwcen the size ofa parcnt, its food uPtake and the nymphal ptoduction. wherr

the aphids are crowded as adults, feeding is rcduced and one might expect

thcreforc a corresF)nding reduction in nymphal Produciion. This indeed

occurs but thc fact that the numbcr ofnymphs produced is no longer cmrclatcd

rvith uptaLe, suggests that crowding affccts both feeding and fccundity

Fceding deteunines the amouat of malerial available for embryo for-

mation. A direct effect of crowding on fecundity, presumably mediated via the

neurocndocrine system, could e{Ict the amount of food assimilatcd and used in

embryo production, but thc nature of this ncuroendocrinc activity rcmains to

be elucidated. Neverthcless, the work dcscribcd herc demonstratGs thc (self
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regulatory) mechanhm which operatcs in aggrelations ofaphids (Way and

Bankr' 1967)' 
su,oaery

when maintained in isolation ulder constant colditiors, thc main

influence on the reproduction ofindividual aptcrae of the aphid Mcgoua ticiat

is the size of the adult. Heary aphids produce significantly heavicr nlznphs at a

more rapid ratc than light aphids. By coltrast,the rate of rcproduction of

crowded adults is reduced and it is not correlated with the wciSht of the parcalt'

The relatio:rship betwcen the size of the parent and the weight ofits olBpring

also disappears uudcr crowded conditiors.

Thu rcsuls ofradiotracer studies suggcst that the rpproductionof iosolated

aphids reflccts a dircct relationship betrvecn the size ofthe adult and its uPtake

of food.Under crowdeil coaditioru fecding is supprcsscd an{ is no longcr rclated

to the number of nymphs produced.It is therefore postulated that in addition to

the influence offceding, there must also be a more direct e{Iect on rcproductive

ability as a rcsult ofcrowding individuals of this specier'
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