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Development,Fecundity and PreyConsumptionof
ExochomusnigromaculatusFeedingon Hyalopteruspruni

R. Atl�han
�

andM.S. Özgökçe
�

Development,survival andreproductionof Exochomusnigromaculatus(Goeze)werestudied
in the laboratoryat four constanttemperaturesfrom 20� C to 35� 1 � C in 5 � C increments,
60� 5% r.h. and 16 h of arti�cial light (5000 lux). Developmenttime from egg to adult
rangedfrom 22.4daysat 20� C to 10.6daysat 35� C, andrequired278 degree-daysabove
a thresholdestimatedto be 9.11� C. Survival was highestat 25� C and lowest at 35� C.
Longevity of femalesdeclinedsigni�cantly with increasingtemperatures,rangingfrom 120.7
daysat 20� C to 46.6 daysat 35� C. Meangenerationtime becameshorterwith increasing
temperatures.The intrinsic rate of increaseof individualskept at 30� C was signi�cantly
greaterthanthat of individualskept at the other temperaturestested. Fourth larval instars
andadultsof E.nigromaculatusdisplayedaTypeII functionalresponseto Hyalopteruspruni
densities.Searchingrateof fourth instarlarvaeandadultswassimilar, but handlingtimewas
shorterfor femaleadults.Resultsobtainedin this studyshowedthattheoptimaltemperature
for populationgrowth of E.nigromaculatuswas30� C andthiscoccinellidpredatormayhave
potentialasa biologicalcontrolagentfor H. pruni becauseof its feedingcapacity.
KEY WORDS: Exochomusnigromaculatus; development; fecundity; prey consumption;
Hyalopteruspruni; mealyplumaphid.

INTRODUCTION

Hyalopteruspruni (Geoffroy) (Homoptera:Aphididae), the mealy plum aphid, is a
major pestof stonefruit trees,especiallyapricotandplum, in the Van region of eastern
Turkey (2,20). A cosmopolitanspecieswith worldwidedistribution (3,4,5,10,18),it sucks
plant sap, inducing plant deformationand producingcopiousamountsof honeydew. It
hasbeenreportedalsoasa virus vector, speci�cally of plum pox virus (4,13). Chemical
controlmeasuresappliedagainstthis pestmaydisruptotherbiologicalcontrol.Therefore,
biologicalcontrolor integratedmanagementshouldbeconsideredoptionsfor controlling
this pest. Therehave beensomestudiesindicatingthat naturalenemiesmay be effective
againstH. pruni. For instance,integratedmanagementexperimentscarriedoutwith Praon
volucre Haliday (Hymenoptera:Aphidiidae)againstH. pruni in Czechoslovakia(18) and
againstAphidiustranscaspicus(Hymenoptera:Aphidiidae)in Georgia (USSR)(19) gave
goodresults.

Coccinellidsarewell known all over theworld asimportantnaturalenemiesof aphids
(7,8). In surveys carried out in the Van region, many natural enemiesof H. pruni
were found, amongthem the coccinellid predatorExochomusnigromaculatus(Goeze)
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(Coleoptera: Coccinellidae). This specieshas been consideredan important natural
enemyof H. pruni in stonefruit treesin Turkey (15) and hasbeenobserved to reduce
populationsof thepestsigni�cantly. In spiteof thewidedistributionandapparenteconomic
importanceof E. nigromaculatus, little is known of its biology, ecology, andef�cacy asa
biocontrolagent.Thepresentedstudiesexaminedtheeffectsof differenttemperatureson
E. nigromaculatusdevelopmentandfecundityandaspectsof its functionalresponseto H.
pruni.

MATERIALS AND METHODS

Insect rearing Exochomusnigromaculatuswasobtainedfrom apricotorchardsaround
Van in the easternregion of Turkey and rearedon its secondaryhostplant, Phragmites
australis (Cav.), with H. pruni asprey. Theprey readilycolonizedon P. australis, a plant
that is easilygrown underlaboratoryconditions.Stockculturesof predatorandprey were
maintainedat25� 2� C,65� 5%r.h. and16h of arti�cial light of � 4000lux in acontrolled
environmentroom.

Development and fecundity Developmenttime and mortality of immaturestagesat
differenttemperatureswerestudiedby transferringnewly laid eggspickedrandomlyfrom
stockcultureto petri dishes(110 � 15 mm). Hatchingtime andmortality of eggswere
determinedby daily observations at all temperaturestested. The hatchedlarvae were
con�ned individually in petri disheson small apricot leaf disks infestedwith H. pruni
(n=26–34). Ample fresh food wasprovided daily. Developmenttime andthe mortality
of differentdevelopmentstageswererecordedby daily observationsat all temperatures.
After adultemergence,onefemaleandonemaleweretransferredto freshpetridisheswith
prey; mortality andnumberof eggslaid wererecordeddaily until all adultsdied (n=13–
18). Sex ratio wasdeterminedafter preparationof genitaliafrom the adultsrearedat all
temperatures.Theexperimentswereconductedat four constanttemperaturesrangingfrom
20� –35�

� 1� C in 5� C increments,60� 10% r.h. and16 h of arti�cial light (5000lux) in
temperaturecabinets.

Prey consumption The predationratesof fourth instar larvae and adultsof E. nigro-
maculatusweremeasuredatprey densitiesof 5, 10,20,40,80and160H. pruni (n=12–15
per density)at 25� 1 � C, 60� 10% r.h. and16 h arti�cial light. To conductexperiments,
apricotleaveslarge enoughto cover thewholepetri dish arenawereplacedupsidedown
onmoist�lter paperin petridishes(110 � 15mm). Only fourthand�fth instarnymphsof
H. pruni wereusedto impedeaphidreproductionduring theexperiment.To permiteven
dispersalof aphidsthroughoutthedish,asingleE.nigromaculatusfourth instarlarva,adult
femaleandmalewereseparatelyreleasedinto thedishes2 h afteraphidswereintroduced;
24h laterthenumberof prey consumedwascounted.

Statistical analyses Dataon developmenttime, longevity andfecunditywereanalyzed
by one-way Anova followed by Duncan's Multiple RangeTest (P � 0.05). The thermal
thresholdof the egg stageand the developmenttime (egg to adult) were computed
by employing a linear techniquethat usesgrowth rate (day��� ) data as the dependent
variableandthetemperaturetreatmentsasindependentvariables.Thelowerdevelopmental
thresholdtemperaturewas determinedas the x-interceptof the linear equationand the
degree-day(DD) requirementsweredeterminedas the inverseof the slopeof the linear
equation.Differencesin sex ratiowereanalyzedby chi-squaretest(P=0.05).
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Populationgrowth ratesat differenttemperatureswerecalculatedby constructinglife
tablesaccordingto AndrewarthaandBirch (1):
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To constructthelife tables,age-speci�csurvival rates(l



) andnumberof femaleoffspring
(m




) for eachageinterval (x) per day wereused. From thesedata,net reproductive rate
(R� = females/female/generation),intrinsic rateof increase(r � = females/female/day)and
meangenerationtime(T � = ln(R� /r), in days)werecalculated.

After r wascomputedfor the original data(r ����� ), the differencesin r � - valueswere
testedfor signi�cance by estimatingthe varianceusing the jackknife method, which
facilitatedcalculationof thestandarderrorsof r � estimates(12,17).Thejackknifepseudo-
valuer� wascalculatedfor n samplesusingthefollowing equation:
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Themeanvaluesof (n–1)jackknifepseudo-valuesfor meangrowth ratein eachtreatment
were subjectedto analysis of variance followed by Duncan's Multiple Range Test
(P � 0.01).

The behavioral responseof E. nigromaculatusto the various prey densitieswas
expressedby �tting Holling'sequationto thedata(22):
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whereN
&

= thenumberof prey attacked,T = exposuretime(24h),P(numberof predators)
= 1, N = total prey density,

+

= searchingrateof predator(attackrate),andT
3

= handling
time. Searchingrate,handlingtime andtheir asymptoticstandarderrorswereestimated
from nonlinearregressionsof disk equation. Con�dence limits (95%) were usedas an
indicatorof differencesbetweensearchingrateaswell ashandlingtime of all threelife
stages.Eachof theabovementionedanalyseswasconductedusingSASstatisticalsoftware
(16).

RESULTS

Developmentand fecundity Developmenttimesfor eggs,larvaeandpupaeat the four
constanttemperaturesarereportedin Table1. Linearregressionanalysisappliedto theegg
developmenttimeswithin the20–35� C temperaturerangerevealedthatdevelopmentrates
for theeggstage(r 5 64798 ) of E.nigromaculatusincreasedlinearlywith increasingtemperature
(Fig. 1). Thethermaldevelopmentthresholdof theeggstagewasestimatedas9.07� C and
69.9DD wererequiredfor hatching.Total developmentrate(r 5 6�:;8 ) of E. nigromaculatus
increasedlinearly with increasingtemperature(Fig. 1). The theoreticaldevelopment
thresholdwas estimatedto be 9.11� C. Basedon the developmentthreshold,completed
developmentfrom egg to adultrequired278DD.

Overallmortality (egg to adult)rangedfrom 56.7%at35� to 25.7%at25� C. Mortality
was28.0%at 20� and31.8%at 30� C. Most mortality occurredin the egg stage(24.0%,
20.0%, 27.3% and 51.6% at 20� , 25� , 30� and 35� C, respectively). Larval mortality
occurredonly in the �rst instarat all temperaturestestedexcept35� C, which resultedin
somemortality in thesecondinstar.
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Fig. 1. Developmentrate of eggs (r � ����� ) and total developmentrate (eggs to adult) (r � ����� ) of
Exochomusnigromaculatus. Linesrepresentlinearregressionsof developmentrateson temperature
within therangeof 20–35� C.

TABLE 1. Mean( � S.E.)durationof eggandimmaturestagesof Exochomusnigromaculatusfeeding
onHyalopteruspruni at four constanttemperatures

Temperature n	 Durationof developmentstages(days) Total
(

�

C) development
Egg 1st

instar
2nd
instar

3rd
instar

4th
instar

Pupa time

20
 1 34 6.7
 0.6a� 2.6
 0.4a 2.4
 0.3a 2.3
 0.2a 3.8
 0.4a 6.9
 0.6a 24.8
 1.1a
25
 1 30 4.3
 0.2b 2.1
 0.3a 1.9
 0.4a 1.8
 0.8a 2.9
 0.5a 4.7
 0.5b 17.7
 1.2b
30
 1 26 3.1
 0.4c 1.7
 0.2b 1.2
 0.2b 1.2
 0.4b 2.1
 0.5b 3.9
 0.4c 13.3
 0.6c
35
 1 27 2.8
 0.2c 1.0
 0.0c 1.0
 0.0c 1.0
 0.0b 1.4
 0.2c 3.3
 0.2d 10.6
 0.4d
F 73.71 17.63 21.26 8.41 19.74 52.46 119.75

	 Numberof replicatesthatsurvivedto adulthood.
� Within columns,meansfollowedby thesameletterdonotdiffer statistically(DMRT; P � 0.05).

Thelongestpreovipositionperiodwas7.4 daysat 20� C andtheshortestwas3.6 days
at 35� C. Therewas no signi�cant differencein preoviposition period between30� and
35� C. The lengthof the meanoviposition perioddecreasedwith increasingtemperature,
rangingfrom 88.9daysat 20� to 33.3daysat 35� C. The postoviposition periodwasthe
longestfor individualskeptat20� C. Adult longevity wassigni�cantly shorterat thehigher

TABLE 2. Longevity andfecundityof Exochomusnigromaculatusfeedingon Hyalopteruspruni at
four constanttemperatures(all dataaremeans� S.E.)

Temperature
( 
 C)

n Duration(days) Longevity
(days)

Numberof eggsperfemale

Preoviposition Oviposition Postoviposition perday total
20� 1 18 7.4� 0.8a� 88.9� 9.2a 23.9� 3.1a 120.7� 11.3a 4.6� 0.6b 388.6� 36.4a
25� 1 13 5.6� 0.4b 75.3� 6.9b 13.6� 2.3b 94.4� 8.8b 5.9� 0.7b 428.5� 44.8a
30� 1 15 4.0� 0.5c 49.3� 9.3c 12.4� 2.5b 65.9� 6.2c 7.4� 0.6a 348.7� 47.9a
35� 1 13 3.6� 0.6c 33.3� 6.8d 9.6� 2.7b 46.6� 7.6d 3.1� 0.7c 98.6� 25.2b
F 21.63 30.78 6.27 32.44 9.76 29.34

� Within columns,meansfollowedby thesameletterdo notdiffer statistically(DMRT; P � 0.05).
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Fig. 2. Survivorshipcurve (l � ) andage-speci�cfecundityrate(m � ) of Exochomusnigromaculatus
onHyalopteruspruni at four constanttemperatures.

TABLE 3. Net reproductive rate (R� ), intrinsic rateof increase(r � ) andgenerationtime (T � ) of
ExochomusnigromaculatusfeedingonHyalopteruspruni at four constanttemperatures

Temperature
(

�

C)
Net reproductive rate
(females/female)

Intrinsic rateof increase	

(females/femaleperday)
Generationtime
(days)

20
 1 137.77 0.111
 0.0012c 46.68
25
 1 156.03 0.134
 0.0009b 37.68
30
 1 115.10 0.172
 0.0014a 27.60
35
 1 15.97 0.118
 0.0012c 23.48
F 121.3

	 Valuesfollowedby differentlettersdiffer signi�cantly (DMRT; P � 0.01).

temperatures(Table2). Thedaily rateof ovipositionwashighestat30� andlowestat35� C.
Theoverall fecunditywassigni�cantly lower at35� C thanat theothertemperaturestested
(Table2).

The offspring sex ratio of E. nigromaculatusin all treatmentswas not signi�cantly
differentfrom 1:1 (54.4: 45.6,59.2: 40.8,57.6: 42.4and48.6: 51.4at20� , 25� , 30� and
35� C, respectively; chi-square,P � 0.05).

Mortality of E.nigromaculatusadultsoccurredmainlytowardtheendof theoviposition
periodat20� , 25� and30� C. Ontheotherhand,ahighmortality ratewasrecordedat35� C
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Fig. 3. Meanconsumption( � S.E.)of Hyalopteruspruni nymphsper individual fourth instarlarva,
adultfemaleandadultmaleof Exochomusnigromaculatusatdifferentprey densities.

TABLE 4. Searchingrate( � ), handlingtime (T � ) andcon�dencelimits in theHolling disk equation
for ExochomusnigromaculatusfeedingonHyalopteruspruni nymphs

Stage � (nymph/h)
(asymptoticS.E.)

95%CL T
�

(h/nymph)
(asymptoticS.E.)

95%CL

Lower Upper Lower Upper
4th instarlarva 0.045(0.0017) 0.0412 0.0487 0.47(0.018) 0.4303 0.5096
Adult female 0.043(0.0042) 0.0337 0.0522 0.30(0.044) 0.2031 0.3968
Adult male 0.045(0.0051) 0.0332 0.0562 0.60(0.054) 0.4811 0.7188

afterthepeakin reproduction(Fig. 2). Thehighestage-speci�cnumberof eggsperfemale
perday(m




) wasobservedat 30� C. Increasingtemperatureshortenedthegenerationtime
(T � ) of E. nigromaculatus(Table3). Thenet reproductive ratedecreasedwith increasing
temperatureexcept at 25� C, at which the rate was the highest. The populationof the
predatorshowed thehighestintrinsic rateof increaseat 30� C. A constanttemperatureof
either20� or 35� C produceda sharpreductionin theintrinsic rateof increase.

Prey consumption Fourth instar larva andadultsof E. nigromaculatusincreasedprey
consumptionwith increasingprey densitiesup to 80 H. pruni/day and then levelled off
(Fig. 3). Adult femalesconsumedsigni�cantly moreH. pruni nymphsthandid adultmales
or fourth instar larvaeat 40 andhigherprey densities(Fig. 3). Handling time of adult
femaleswassigni�cantly shorterthanthatof adultmalesandfourth instarlarvae. On the
otherhand,searchingratesof all threestageswerefairly closeto oneanother(Table4).

DISCUSSION

Studiesunder controlled laboratory conditions may provide valuable insight into
insectpopulationdynamics,althoughtemperaturesarenot constantin nature(21). The
resultsobtainedin this studyclearlyshow theeffect of temperatureon developmenttime,
mortality, longevity andfecundityof E. nigromaculatus. Thetemperatureof 30� C wasthe
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optimumfor developmentof E. nigromaculatusamongthosetestedbecauseit yieldeda
shortdevelopmenttime in combinationwith a low mortality rate. Longevity of females
becameshorterwith increasingtemperatureandthereweresigni�cant differencesamong
all temperaturestested. These�ndings are consistentwith resultsof studieson other
coccinellids(14,21).

While the net reproductive rateat 30� waslower thanat 20� and25� C, the intrinsic
rateof increase,a goodindicatorof thecombinedeffect of temperatureon development,
survival andreproduction,wassigni�cantly greater(Table3). Thegreaterrateof increase
at30� C wasdueto fasterimmaturedevelopmenttime,greatersurvival to adulthood,higher
daily numberof progeny andearlierpeakin reproduction.Generationtimebecameshorter
with increasingtemperature,becausethetime requiredfrom egg hatchto �rst oviposition
and peakoviposition was shorterat higher temperatures.Short developmenttime and
high fecundity indicatethat the E. nigromaculatuspopulationhasthe potentialfor rapid
populationgrowth at30� C.

Consumptionof H. pruni fourth instarlarvaeandadultsof E.nigromaculatusincreased
with increasingprey densitiesup to 80. A further increasein prey densityto 160 aphids
did not result in higher prey consumptionfor the fourth larval stageand adults. The
functional responseof fourth instar larva and adults of E. nigromaculatusto H. pruni
densitiesconformswell to thatdescribedby Holling (9) asType II. Several otherstudies
of prey consumptionby coccinellidsare in agreementwith the resultsdescribedhere
(6,21,23). Although the searchingrateof all threelife stageswas similar, the handling
time of femaleswas shorter. This was due to the fact that adult femalesconsumed
more H. pruni nymphsthan fourth instar larvae and adult malesat 40 and greaterprey
densities.Becauseof higherconsumptionby adult females,any estimateof the voracity
of E. nigromaculatusshould considerthe sex ratio and life stage. Adult femalesof
anothercoccinellid,Scymnuslevaillanti, werealso reportedto consumemoreprey than
larvaeandmales(21). Consumptionratesmaybehigherin the laboratorythanin nature.
BecauseE. nigromaculatuswascon�ned with its prey in a small arena,searchtime was
minimal. Activity levels of predatorsmay increasein the laboratory, especiallyat high
prey densities.For example,estimatesof bothsearchingrateandhandlingtime of another
coccinellidpredator, Propylaeaquatuordecimpunctata, on hostplantsweredifferentfrom
similar estimatesobtainedfrom petri dishes(11). Therefore,laboratoryexperimentson
prey consumptionprovide relative, rather than absoluteinformation and shouldnot be
extrapolatedto naturalconditions.

Basedon thedataobtainedfor reproductionandprey consumption,E. nigromaculatus
possessespromiseasa biological control agentto keepaphidpopulationsat low levels.
However, further�eld experimentsareneededto draw �rm conclusionsabouttheeffectof
E. nigromaculatuson its prey populations.

ACKNOWLEDGMENTS
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