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ABSTRACT 

 
Aspidiotus nerii Bouché (Hemiptera: 

Diaspididae) is an excellent host for rearing biological 
control agents for the control of scale insects. In this 
study, we investigated the maternal effect on the 
reproduction and development of A. nerii crawlers 
transferred to separate clean potato tubers at the 1st, 
15th and 30th days. After the crawlers settled, each 
potato was divided into 4 cm2 cells surface area 

stickem special
escape. When all crawlers in the cell became adults, 
one female and all the males were left in the cells, and 
the rest of the females were removed. Experiments 
were done at 25°C, 16:8 hours and 65% relative 
humidity in a climate chamber. Cells were observed 
daily and crawlers were removed after counting. 
Variance analysis and Tukey multiple range tests 
were applied for statistical analysis. Life table 
parameters were also calculated. Intrinsic rate of 
increase (rm), net reproductive rate (Ro), and mean 
generation time (To) were 0.073, 0.072 and 0.034 
females/female/day, 83.42, 27.95 and 5.47 
females/female, 60.56, 46.11 and 49.56 days, 
respectively. The total crawler numbers were the 1st, 
15th and 30th days age females were 208.57, 81.32 and 
20.07 crawlers, respectively. These results clearly 
show that age does have a significant effect on crawler 
of females A. nerii. 
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INTRODUCTION 

 
As it is well known that most of the characters of 

the offspring in all living organisms were determined 

by the parents. Morphological and biological 
differences of offspring are realized environmentally 
and genetically conditions which have effect on 
maternal effects [1,2,3,4,5,6]. In researches, it was 
determined that offspring from older mother has 
longer life spans, higher death rate and lower 
reproductive performance according to offspring from 
young mother [1,7,8,9,10,11,12,13]. This subject is 
also very important for natural enemies are used in 
biological control studies [14,15,16]. The declining 
parasitoid fecundity as an age of mother may be due to 
the decreasing related to age, number of eggs laid and 
parasitization ability of females [17,18]. Female age 
dependent fecundity of A. nerii one of the best prey for 
the production of biological control agents of scale 
insects [19], was investigated in this study. 
 
 
MATERIALS AND METHODS 

 
Biparantel Aspidiotus nerii population grown on 

potato tubers in the insectarium of Plant Protection 
Department, Süleyman Demirel University, was used 
in this study. The potato tubers, containing A. nerii 
individuals in the same age, were placed on the top of 
the new clean potatoes when A. nerii individuals 
started to give new generations and kept 24 hours for 
the new generations passing to the clean potatoes. In 
this way, the 1st day crawlers of A. nerii were obtained. 
Fifteen days later, same method was used to transfer 
new generations from the potato tubers to the clean 
potatoes. Consequently, the 15th day crawlers of same 
aged A. nerii were obtained. The thirtieth day, again 
clean new potatoes were contacted to the potato tubers 
containing same aged A. nerii and kept for 24 hours to 
obtain the 30th day crawlers. Eventually, three 
different populations were constituted from same aged 
A. nerii giving birth at the 1st day, 15th day, and 30th 
day.  



© by PSP  Volume 25  No. 12/2016, pages 5365-5370  Fresenius Environmental Bulletin 

 

 

5366

After the crawlers settled, each potato was 
divided into 4 cm2 cells surface area surrounded by 
stickem special

crawlers in the cell became adults, one female and all 
the males were left in the cell and the rest of the 
females were removed. All males were removed after 
all of them become adult and mate with breeding 
female. Thus only one female left in each cells. Daily 
observations were made for each cell and crawlers 
were removed after counting. Experiments were done 
at 25°C, 16:8 hours and 65% relative humidity in a 
climate chamber (model KB 8400 F, Termax). 
Variance analysis and Tukey multiple range tests 
were applied for statistical analysis [20]. Analysis 
were done by using CurveExpert pro (ver.1.6.7), 
SPSS, (ver.20.3), MS Excel (2010) softwares. Life 
table parameters were also calculated by using 
RmStat-3.2 [21]. These parameters; 
 

 Age-specific survivor rate ( ) and fecundity rate 

( ), [22], 

 Net reproductive rate, [22], 

 Intrinsic rate of increase ( ), 

[22], 
 Mean generation time (day),  [22], 

 Gross reproduction rate, [22], 

 Finite rate of increase, [22], 

 Doubling time (day),  [23], 

 Reproductive value, [24], 

 Life expectancy,  [25,26], 

 Stable age distribution, [22], 

 Age-dependent reproduction was calculated with 
the equation of Enkegaard [27,28]. 

 [27,28], 
Where; F(x), daily age specific fecundity rate 

(egg/female/day); x, female adult age (day), a and b 
empirical constant. In the equation, first day is the 

 first day as adult. The model was fitted to the 
data by nonlinear square technique; JMP (version 
5.0.1), MS Excel 2010 and SPSS, (ver. 20.3) 
softwares. 

 
 

RESULTS AND DISCUSSION 

 
Effect of mother age on growth and reproduction 

of Aspidiotus nerii was determined and life table 
parameters were given in Table 1. Total development 
periods of crawlers in the 1st, 15th and 30th days age 
females were observed 47.00, 37.00 and 45.00 days, 
oviposition periods 29.93, 22.14 and 7.87 days, 
respectively (P<0.05). Preoviposition period, life span 
and total life time decreased depending on age of 
mother. Omkar and Mishra [29] determined as 0- and 
10-day-old females of Propylea dissecta (Mulsant) 
(Coleoptera: Coccinellidae) preoviposition period 
were found statistically different. Priest et al., [30] 
reported that Drosophila melanogaster Meigen 
(Diptera: Drosophilidae) offspring from older mother 
shorter life than did offspring from young mother.

 
 

TABLE 1 
Development and fecundity of in the 1st, 15th and 30 th days age females of Aspidiotus nerii (*) 

 
 n 1st Age n 15th Age n 30th Age 

Total development time 28 47.00±0.00 22 37.00±0.00 30 45.00±0.00 

Preoviposition 28 1.00±0.00 22 0.73±0.12 30 0.00±0.00 
Oviposition 28 29.93±0.73 a 22 22.14±1.71 b 30 7.87±0.98 c 
Postoviposition 28 1.00±0.00 22 0.55±0.21 30 1.27±0.19 
Generation time 28 49.00±0.00 22 38.73±0.12 30 46.00±0.00 
Life span 28 31.93±0.70 22 23.41±1.76 30 8.70±0.74 
Total life time 35 69.14±3.40 32 44.66±4.46 55 40.96±2.88 
Daily number of crawlers 28 6.50±0.15 22 3.64±0.36 30 1.70±0.21 
Total number of crawlers 28 208.57±7.84 a 22 81.32±8.19 b 30 20.07±2.45 c 

*Means within a same row followed by the same letter do not differ significantly in Tukey test (P<0.05).
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TABLE 2 
Life table parameters of in the 1st, 15th and 30 th days age females of Aspidiotus nerii (*) 

 
Life Table parameters 1stAge 15th Age 30th Age 
Intrinsic rate of increase, rm* 0.073 a 0.072 a 0.034 b 
Net reproduction rate, Ro 83.42 27.95 5.47 
Mean generation time, To 60.56 46.11 49.56 
Gross reproductive rate, GRR 110.39 51.28 12.84 
Doubling time, T2 9.48 9.59 20.21 
Finite rate of increase,  1.08 1.07 1.03 
n  35 32 55 

*Means within a same row followed by the same letter do not differ significantly in Tukey test (P<0.05). 
 
 

It was recorded that generation times were 49.00, 
38.73 and 46.00 days, crawlers number laid daily were 
6.50, 3.64 and 1.70 crawlers and total crawlers number 
were 208.57, 81.32 and 20.07 crawlers, respectively. 
Yuztas et al., [13] determined in a study investigated 
the survival rate of bean aphid, Aphis fabae 
(Hemiptera: Aphididae) four different populations 
generated at the 1st, 6th, 11th and 16th days old mother, 
the highest nymph number was recorded 19.59 nymph 
in 6 day-old-mother, while in other groups as 7.25-
14.14 nymph. Gunduz and Gulel [11] found that the 
mean numbers of total progeny per female Bracon 
hebetor (Hymenoptera: Braconidae) changed with the 
females age, between 1 day old and 5 day old females 
were not statistically significant; however, in the 10 
day old females offspring production significantly 
decreased. 

According to the life table, intrinsic rate of 
increase (rm) of in the 1st and 15th day age females were 
statistically in the same group while in the 30th day age 
females were in the different group (P<0.05). The 
mean generation time (T0), calculated from the time 
during which crawlers were constituted 24.50% (60.56 
days), 26.55% (46.11 days) and 27.07% (49.56 days), 
respectively. At the end of the oviposition period, in 
the 1st, 15th and 30th day age females, gross 
reproductive rate (GRR) were 110.39, 51.28 and 12.84 
females/female, net reproductive rate (R0) were 83.42, 
27.95 and 5.47 females/female, respectively (Table 2).  

Nymphal mortalities were 0.20, 0.28 and 0.27 in 
the 1st, 15th and 30th day age females, respectively. 

 [13] identified that death rate increased 
depend on age of mother in survival rate of bean aphid, 
A. fabae four different populations generated by 1, 6, 
11 and 16 days old mother. Fox et al., [9] reported that 
offspring from older parents often had shorter adult 
lifespan than offspring of younger parents in the seed 

beetle, Callosobruchus maculatus 
(Coleoptera:Chrysomelidae).  

At the beginning of oviposition period, the 
reproductive rate (mx) in the 1st, 15th and 30th days age 
females increased and at the 11th days (5.29 crawlers), 
at the 9th days (2.86 crawlers) and at the 2th days (1.30 
crawlers) with reached maximum value, respectively. 
The oviposition period ended at the 36th, 37 th day and 
18th day in the 1st ,15th and 30th days age females, 
respectively (Figure 1).  

 
 

 
FIGURE 1 

Effect of female age on fecundity (mx) of A. nerii 
in the 1st day age females (Parameters: 

a=1.391±0.058, b=0.106±0.002, R2=0.934), in the 
15th day age females (a=0.192±0.128, 

b=0.155±0.009, R2=0.712) and in the 30th day age 
females (a=0.798±0.186, b=0.261±0.035, 

R2=0.313). 
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The numbers of crawlers increased on the first 
days of the oviposition period and decreased regularly. 
Crawlers of young patterns were reflected in an 
increase in the daily number of crawlers laid per 
female. Another important indicator was to high 
numbers of crawlers produced by their first days of 
young females. Also oviposition period of females of 
young parents took longer than occurs in the elderly 
parents. This relation was determined with the 
Enkegaard equation and calculated parameters. 
Parameters were attained; in the 1st day age females 
a=1.391±0.058, b=0.106±0.002, R2=0.934, in the 15th 
day age females a=0.192±0.128, b=0.155±0.009, 
R2=0.712 and in the 30th day age females 
a=0.798±0.186, b=0.261±0.035, R2=0.313. 

Female longevity was shorter in the 30th day age 
individuals. Daily fecundity was affected by maternal 
age. The fecundity was the highest for A. nerii reared 
from 1st day age females. They reproduce at the same 
time but decrease in daily fecundity as maternal age 
increases was observed. Similarly, reproductive value 
(Vx) reached the highest level in the 1st day age females 
at 52th day, in the 15th day age females at 39th day and 
in the 30th day age females at 46th day, respectively. 
This value decreased quickly in following days with 
increasing death rate (Figure 2). 

 
 

 
FIGURE 2 

Fecundity (mx), Net reproductive rate (R0) 
and Reproductive value (Vx) of in the 1st, 15th 
and 30 th days age females of Aspidiotus nerii. 

Life expectancy (Ex) in the beginning of nymph 
stage in the 1st, 15th and 30th days age females were 
calculated as 68.64, 44.16 and 40.46 days, but survival 
days 85, 75 and 64 days, respectively. Stable age 
distribution (Cx) reached to 0.1 value in the 1st day age 
females at 63th day, in the 15th and in the 30th day age 
females at 43th day. It was reached to value of 1 depend 
on survival rate (lx) at the 85th, 75th and 64th days 
respectively (Figure 3). 

 
 

 
FIGURE 3 

Survival rate (lx), Stable age distribution (Cx) 
and Life expectancy (Ex)  

of in the 1st, 15th and 30 th days age females of 
Aspidiotus nerii. 

 
 
CONCLUSIONS 

 
The use of biological control agents has been 

increasing worldwide for the control of insect pests. 
However, quality control is required for the production 
and use of these natural enemies. In our study, we 
showed importance of using crawler of young females 
to produce the organisms used in biological control 
agents. These results clearly show that age of mother 
has a significant effect on the bioecology of crawlers. 
Reproduction was found to be dependent on adult age 
and decreased with maternal age. 

 



© by PSP  Volume 25  No. 12/2016, pages 5365-5370  Fresenius Environmental Bulletin 

 

 

5369

ACKNOWLEDGEMENTS  

 
This study was presented as a poster presentation 

on the IV. Plant Protection Congress, which was held 
on 28-30 June 2011 in , Turkey. 
 
 
REFERENCES 

 
[1] Mousseau, T.A. and Dingle, H. (1991). Maternal 

effects in insect life histories. Annual Review of 
Entomology, 36: 511-534. 

[2] Fox, C.W. (2000) Maternal Effects in Insect-Plant 
Interactions: Lessons from a Desert Seed Beetle. 
Department of Entomology, S-225 Agricultural 
Science Center North University of Kentucky 
Lexington, KY 40546-0091. 

[3] Bonduriansky, R. and Head, M. (2007) Maternal 
and paternal condition effects on offspring 
phenotype in Telostylinus angusticollis (Diptera: 
Neriidae). Journal of Evolutionary Biology, 20 
(6): 2379-2388. 

[4] McLean, A.H.C., Ferrari J. and Godfray, H.C.J. 
(2009) Effects of the maternal and pre-adult host 
plant on adult performance and preference in the 
pea aphid, Acyrthosiphon pisum. Ecological 
Entomology, 34 (3): 330-338. 

[5] Lind, M.I., Berg, E. C., Alavioon, G. and 
Maklakov, A.A. (2015). Evolution of differential 
maternal age effects on male and female offspring 
development and longevity. Functional Ecology 
29 (1): 104-110. 

[6] Birgucu, A.K., Turanli, F., Gumus, E., Guzel., B. 
and Karsavuran, Y. (2015) The effect of grape 
cultivars on oviposition preference and larval 
survival of Lobesia botrana Den. & Schiff. 
(Lepidoptera: Tortricidae). Freseniuns 
Environmental Bulletin, 24 (1): 33-38. 

[7] Fox C.W. (1993) Maternal and genetic influences 
on egg size and larval performance in a seed 
beetle (Callosobruchus maculatus): 
multigenerational transmission of a maternal 
effect. Heredity 73:509-517. 

[8] Mcintyre, G.S. and Gooding, R.H. (2000). Effects 
of maternal age on larval competitiveness in 
house flies. Heredity, 85 (5): 480-489. 

[9] Fox, C.W., Bush, M.L. and Wallin, W.G. (2003) 
Maternal age affects offspring lifespan of the seed 
beetle, Callosobruchus maculates. Functional 
Ecology, 17 (6): 811 820. 

[10] Opit, G.P. and Throne J.E. (2007) Influence of 
maternal age on the fitness of progeny in the rice 
weevil, Sitophilus oryzae (Coleoptera: 
Curculionidae). Environmental Entomology, 
36(1): 83-89. 

[11] Gunduz, E.A. and Gulel, A. (2005) Investigation 
of fecundity and sex ratio in the parasitoid Bracon 
hebetor Say (Hymenoptera: Braconidae) in 
relation to parasitoid age. Turkish Journal of 
Zoology, 29: 291-294. 

[12] Al-Lawati, H. and Bienefeld, K. (2009) Maternal 
age effects on embryo mortality and juvenile 
development of offspring in the honeybee 
(Hymenoptera: Apidae). Annals of 
Entomological Society America, 102 (5): 881-
888. 

[13] . (2015) 
Maternal age effects on fecundity and survival of 
Aphis fabae Scopoli (Hemiptera: Aphididae) on 
bean. Turkish Journal of Entomology, 39 (1): 67-
77. 

[14] Kansu, I. A. and Uygun, N. (1980) Dogu Akdeniz 

Olanaklarinin Arastirilmasi. Ç.Ü. Ziraat Fakultesi 
Yayinlari 141, Bilimsel Arastirma ve Incelemeler 
33: 63s. (in Turkish). 

[15] Karaca, I. and Uygun, N. (1990). Dogu Akdeniz 
Bolgesi Turuncgillerinde Zararli Olan Aonidiella 
aurantii 
Dogal Dusmanlar ve Bunlar n Degisik Turuncgil 
Tür ve Cesitlerinde Populasyon Gelismesinin 
Saptanmasi. Türkiye 2. Biyolojik Mucadele 
Kongresi Bildirileri, Entomoloji Dernegi 
Yayinlari, No: 4: 97-108. (in Turkish). 

[16] S Chilocorus nigritus 

Üniversitesi, Fen Bilimleri Enstitüsü, Bitki 

Turkish). 
[17] Melton, C.W. and Browning, H.W. (1986) Life 

history and reproductive biology of Allorhogas 
pyralophagus (Hymenoptera: Braconidae), a 
parasite imported for release against Eoreuma 
loftini (Lepidoptera: Pyralidae). Annals of the 
Entomological Society of America, 79: 402 406. 

[18] Orr, D.B., and Boethel, D.J. (1990) Reproductive 
potential of Telenomus cristatus and T. podisi 
(Hymenoptera: Scelionidae), two egg parasitoids 
of pentatomids (Heteroptera). Annals of the 
Entomological Society of America, 83 (5): 902
905. 

[19] Karaca, I. and Uygun, N. (1993) Zakkum 
kabuklubiti, Aspidiotus nerii Bouché (Hemiptera: 

yasam cizelgeleri. Turkiye Entomoloji Dergisi, 
17(4): 217-224 (in Turkish). 

[20] Sokal, R.R. and Rohlf., F.J. (1995) Biometry: the 
principles and practice of statistics in biological 
research, 3rd ed. W.H. Freeman: New York. 887 
pp. 



© by PSP  Volume 25  No. 12/2016, pages 5365-5370  Fresenius Environmental Bulletin 

 

 

5370

[21] Ozgokçe, M.S. and Karaca, I
Çizelgesi: Temel Prensipler ve Uygulamalar. 

-12 Haziran, Isparta (in 
Turkish). 

[22] Birch, L.C. (1948) The intrinsic rate of natural 
increase of an insect population. Journal of 
Animal Ecology 17: 15-26. 

[23] Kairo, M.T.K. and Murphy S.T (1995) The life 
history of Rodolia iceryae Janson (Coleoptera: 
Coccinellidae) and the potential for use in 
innoculative releases against Icerya pattersoni 
Newstead (Homoptera: Margarodidae) on coffee. 
Journal of Applied Entomology, 119: 487-491. 

[24] Imura, O. (1987) Demographic attributes of 
Tribolium freemani Hinton (Coleoptera: 
Tenebrionidae). The Journal Applied Entomology 
and Zoology, 22(4): 449 455. 

[25] Southwood, T. R. E. (1978) Ecological methods. 
Halsted Press, Chapman and Hall. London, 524 
pp. 

[26] Carey, J. R. (1993) Applied Demography for 
Biologists with Special Emphasis on Insects. 
Oxford University Press, Oxford, UK, 206 pp. 

[27] Enkegaard, A. (1993) The poinsettia strain of the 
cotton whitefly, Bemisia tabaci (Hom.; 
Aleyrodidae), biological and demographic 
parameters on poinsettia (Euphorbia pulcherrima) 
in relation to temperature. Bulletin of 
Entomological Research, 83: 535-546. 

[28] Hansen, D.L., Brodsgaard, H.F. and Enkegaard, 
A. (1999) Life table characteristics of 
Macrolophus caliginosus preying upon 
Tetranychus urticae. Entomologia Experimentalis 
et Applicata 93: 269 275. 

[29] Omkar and Mishra, G. (2004) Influence of 
parental age on reproductive performance of an 
aphidophagous ladybird, Propylea dissecta 
(Mulsant). Journal of Applied Entomology, 128 
(9-10): 605-609. 

[30] Priest, N.K., Mackowiak, B. and Promislow, D.E. 
(2002) The role of parental age effects on the 
evolution of aging. Evolution, 56 (5): 927-935. 

 
 

 
Received: 16.02.2016 
Accepted: 18.09.2016 
 
 
CORRESPONDING AUTHOR  

 
Alime Bayindir  
Pamukkale University  
School of Applied Sciences  
Organic Farming Business Management Department 
20600 Civril, Denizli  TURKEY  
 
E-mail: abayindir@pau.edu.tr 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


