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Abstract: Demographic parameters of the ladybeetle, Serangium montazerii 
Fursch feeding on citrus whitefly, Dialeurodes citri Ashmead were determined 
on two host plants, Page tangerine and Thompson navel orange. This study 
was carried out under laboratory conditions (25 ± 1 °C and RH of 60 ± 5% and 
a photoperiod of 16: 8 h (L: D). Total pre-adult periods of the lady beetle were 
20.84 ± 0.302, 19.27 ± 0.251days on Page tangerine and Thompson navel 
orange, respectively. The survivorship from egg to adult were very close to 
each other on the two host plants. The oviposition periods were 29.64 ± 0.905 
and 33.36 ± 0.599 days and the total number of eggs per female (fecundity) 
were 457.14 ± 11.099 and 528.57 ± 12.369 on Page tangerine and Thompson 
orange, respectively. Peaks of reproductive value occurred at ages of 31 and 33 
days when reared on Thompson navel orange and Page tangerine, respectively. 
The intrinsic rates of increase (r) on Thompson orange and on Page tangerine 
were 0.134 ± 0.063 and 0.126 ± 0.006d-1 with no significant differences. The 
mean generation time (T) on these host plants were 39.03 ± 0.5 and 40.57 ± 
0.46 days, respectively. It can be concluded that S. montazerii feeding on D. 
citri in general showed a slightly better reproductive performance on 
Thompson navel orange than on Page tangerine. 
 
Keywords: Generation time, intrinsic rate of increase, life table parameter, S. 
montazerii, survivorship. 

 
Introduction12 
 
Whiteflies are among the most widespread and 
economically important insect pests worldwide 
(Greathead, 1986). Dialeurodes citri Ashmead 
(Hemiptera: Aleyrodidae) is one of the three 
economically important whiteflies on citrus in 
the Mediterranean region (Uygun et al. 1990; 
Rapisarda et al., 1996). It is a polyphagous 
insect that attacks evergreen and deciduous 
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plants of 30 different families (Mound and 
Halsey, 1978). In the Mediterranean countries, 
it mainly lives on Citrus spp. and may cause 
serious damage, through extraction of large 
amounts of sap and the development of 
unsightly sooty mould on the abundant excreted 
honeydew (Žaniĉ et al., 2001).  

The activities of natural enemies can be 
influenced by the properties of the host plants 
of their prey, either directly or indirectly (Price 
et al., 1980; Southwood, 1986). A plant’s 
nutritional value, secondary metabolites, and 
physical characteristics can affect the 
fecundity, population growth and survival of 
herbivorous insects (Slansky and Feeny, 1977; 
Norris and Kogan, 1980; Montllor, 1991; 
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Rutledge and O’Neil, 2005) and their predators 
(Letourneau, 1988; Cortesero et al., 2000; 
Agrawal, 2000).  

A large number of natural enemies are known 
to develop on D. citri, but only a few species are 
related to biological control. The lady beetles of 
the genus, Serangium Blackburn are widely 
distributed in the world and are known to be 
useful predators of many whitefly species 
(Asiimwe, 2007). The lady beetle, S. montazerii 
was recorded as a predator of the citrus whitefly, 
D. citri in Iran (Montazeri, 1994) and Turkey 
(Yigit et al., 2003). This lady beetle seems to 
have a potential as a biocontrol agent of the 
cotton whitefly (Al-Zyoud, 2008). A successful 
biological control is achieved through 
calculating population growth rate, stage 
structure, fecundity, and predation rate of the 
pest’s natural enemies like, predators. The 
demographic parameters of S. montazerii can 
provide a comprehensive description of the 
developmental times, survival rates of each 
growth stage, fecundity and can help predict the 
size of a population (Carey, 1993; Medeiros et 
al., 2000; Southwood and Henderson, 2000). 
Collection of life table data for relevant species 
of different trophic levels in a food chain is a 
basic and important task for conservation (Bevill 
and Louda, 1999; Gabre et al., 2005) and pest 
management (Naranjo, 2001). Estimating the 
growth parameters and reproduction potential of 
an insect population are essential requirements 
(Soroushmehr et al., 2008). Most of the 
traditional female age-specific life tables (Lewis, 
1942; Leslie, 1945; Birch, 1948) ignore the male 
population and the stage differentiation. Chi and 
Liu (1985) and Chi (1988) developed an age-
stage two-sex life table theory. This life table 
theory takes the stage differentiation and the 
male population into consideration. Based on the 
age-stage, two-sex life table, Chi and Getz 
(1988) constructed a mass rearing program for 
stage structured populations. Timing of control 
of pest populations is possible using the age 
stage, two-sex life table (Chi, 1990). 

The aim of this study was to determine the 
effects of two host plants on the life table 

parameters of S. montazerii feeding on D. citri 
under laboratory conditions.  
 
Material and Methods 
 
Insect culture 
Page tangerine (Citrus paradisi × C. reticulata) × 
(C. clementina) and Thompson navel orange 
(Citrus sinensis cv. Thompson) varieties 
(Rutaceae) were used as the host plants in this 
study. More than 100 S. montazerii adults and 
about 1000 of D. citri adults were collected from 
citrus orchards in the Ramsar region, Mazandaran 
province (in northern Iran). Whiteflies were 
reared on a stock culture of above host plants in a 
greenhouse at Ramsar Citrus Research Center. 

The collected ladybeetles were cultured for a 
generation on whiteflies that were fed on the 
leaves of the two host plants in a growth 
chamber at 25 ± 1 °C, 65 ± 5% relative 
humidity and a photoperiod of 16: 8 h (L: D). 
Then, adult predators were released on different 
nymphal stages of D. citri feeding on the leaves 
of the two host plants in Petri dishes (9 x 1 cm) 
for oviposition. 
 
Life table study 
Leaves bearing eggs of lady-beetles less than 12 
h were placed in plastic Petri-dishes (9 cm in 
diameter) with a hole in the center of the lid, 
which was covered with muslin cloth for 
aeration and lined with 0.5 cm-thick layer of 
wetted cotton pad in the bottom of the Petri 
dish. The Petri-dishes were then placed in a 
growth chamber (with the condition mentioned 
earlier). The life table experiments were 
conducted on each host plant using 40 newly 
laid eggs of S. montazerii. Newly emerged 
larvae were then transferred to the Petri-dishes 
as above and reared individually on Thompson 
navel orange and Page tangerine leaves bearing 
eggs of D. citri. The host plants leaves bearing 
whiteflies eggs in each Petri-dish were replaced 
daily. Larval development and mortality were 
recorded every 24 h until the adult stage. After 
adult emergence, male and female were allowed 
to mate and they were fed on nympal stages of 
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the prey. Survival and number of eggs laid by 
females were recorded daily. 
 
Data analysis 
 
Data were analyzed using age-stage, two-sex life 
table theory. Therefore, developmental time of 
all individuals and female daily fecundity were 
analyzed according to the age-stage, two-sex life 
table theory (Chi and Liu, 1985; Chi, 1988). 

The age-stage specific survivorship (sxj) 
(where x= age and j= stage), the age-stage 
specific fecundity (fxj), the age-specific survival 
rate (lx), the age-specific fecundity (mx), and the  

population parameters (r, the intrinsic rate of 
increase; λ, the finite rate of increase, λ= er; R0, 
the net reproductive rate; T, the mean 
generation time) were calculated accordingly. 
The age-specific survivorship includes both 
male and female, and is calculated according to 
Chi and Liu (1985) as: 
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where β is the number of stages. The intrinsic 
rate of increase was calculated using the 
iterative bisection method (Goodman, 1982). 
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Data analysis was done using TWOSEX-
MSChart program (Chi, 2005). The TWOSEX-
MSChart is available at 
http://140.120.197.173/Ecology/prod02.htm 

(Chung Hsing University) and 
http://nhsbig.inhs.uiuc.edu/wes/chi.html (Illinois 
Natural History Survey). 
 
Results  
Age-stage, two-sex life table 
There was no significant difference (P > 0.05) 
between development periods of immature 
stages of S. montazerii on D. citri feeding on two 
host plants (Table 1). The survival rate of eggs 
was the same on both host plants. Little mortality 
occurred in second, third, fourth larval instars 
and pre-pupal stages both on Thompson navel 
and Page tangerine. Total survivorship of the 
immature stages on Page tangerine (90%) and 
Thompson navel orange (88.57%) was not 
significantly different (Table 2). 
 
Table 1 Mean developmental times (days; mean ± 
SE) of Serangium montazerii on Dialeurodes citri 
feeding on Page tangerine and Thompson navel 
orange. 

Host plants 
Developmental 

stages Page tangerine Thompson navel 
orange 

Egg 4.72 ± 0.119a 4.22 ± 0.116a 
First instar larva 2.11 ± 0.085a 2 ± 0.164a 
Second instar larva 2.2 ± 0.09a 2.12 ± 0.092a 
Third instar larva 2.76 ± 0.095a 2.48 ± 0.088a 
Fourth instar larva 3.88 ± 0.118a 3.39 ± 0.106a 
Prepupa 1.09 ± 0.052a 1.09 ± 0.051a 
Pupa 4.19 ± 0.122a 4.21 ± 0.095a 
Total pre-adult 20.84 ± 0.302a 19.27 ± 0.251a 

Means within rows followed by the same letter are 
not significantly different according to the t-test at 
5% (P = 0.05).  
 

 
Table 2 Survival rate (%) of eggs, immature stages and adults of Serangium montazerii on Dialeurodes citri 
feeding on Page tangerine and Thompson navel orange. 

Host plants Egg First Larval 
instar 

Second Larval 
instar 

Third larval 
instar 

Fourth larval 
instar Prepupa Pupa Female Male

Page tangerine 100 100 92.5 87.5 85 85 80 35 45 

Thompson 
navel orange 100 100 87.5 85 82.5 82.5 82.5 35 47.5 
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The mean pre-oviposition, oviposition and 
female and male longevity are given in Table 3. 
There were also no significant differences 
among these parameters on two host plants. The 
longevity of females was the same on 
Thompson navel orange and Page tangerine.  

Fecundity of S. montazerii on D. citri 
feeding on Thompson navel orange and Page 
tangerine was also very close to each other with 
no significant difference (Table 3). The trend of 
age-specific fecundity (mx) shows that 
reproduction began at the ages of 27 and 29 
days on Thompson orange and Page tangerine, 
respectively. The highest fecundity was also 
observed on Thompson orange at the age of 
37days and it was at the age of 40 days on page 
tangerine. The oviposition terminated at the 
ages of 64 and 67 days on Thompson orange 
and Page tangerine, respectively (Fig. 1). The 
survival rates trends of adult lady beetles were 
similar on both host plants (Fig. 1). Based on 
the age-stage, two-sex life table, the age-stage-
specific life expectancy (exj) gives the expected 

life span of an individual of age x and stage j 
can live after age x. The trend of expected life 
span was similar on both host plants (Fig. 2). 
The reproductive value (vxj) is the contribution 
of individuals of age x and stage j to the future 
population (Fig. 3). Peaks of reproductive value 
occurred at ages of 31 and 33 days when reared 
on Thompson navel orange and page tangerine, 
respectively. 
 
Population growth parameters 
The population parameters were calculated based 
on data of the entire cohort, i.e., both sexes and 
the variable developmental rates among 
individuals, Standard errors and parameter of the 
intrinsic rate of increase (r), net reproductive rate 
(R0), mean generation time (T) and the finite rate 
of increase (λ) are shown in Table 4. There were 
no significant differences between these 
parameters on the two host plants using t-test at 
the 5% significance level. 
 

 
Table 3 Biological parameters, longevity (days) and fecundity of Serangium montazerii on Dialeurodes citri 
feeding on Page tangerine and Thompson navel orange (mean ± SE). according to the t –test at 5% (P = 0.05). 
 

Host plants Preoviposition 
period 

Ovipositional 
period 

Female adult 
longevity 

Male adult 
longevity 

Fecundity (F) 
(eggs/female) 

Page tangerine 9.93 ± 0.27a 29.64 ± 0.91a 87 ± 0.79a 72.61 ± 0.81 a 457.14 ± 11.10a 
Thompson 
navel orange 9.36 ± 0.17a 33.36 ± 0.51a 85.57 ± 0.55a 71.84 ± 1.15a 528.57 ± 12.37a 

 
Table 4 Associated life table estimates for population parameters (Means ± SE) of Serangium montazerii 
calculated using the age-stage, two-sex life table on Page tangerine and Thompson navel orange. 

Parameters Page tangerine Thompson navel 
orange t P 

Net reproductive rate 
(R0) (offspring) 160 ± 35.12 185 ± 40.59 0.47 0.65 

Intrinsic rate of increase (r) 
(day-1) 0.13 ± 0.06 0.14 ± 0.08 1.00 0.33 

Finite rate of increase 
(λ) (day-1) 1.14 ± 0.08 1.15 ± 0.08 1.00 0.32 

Mean generation time (T) (day) 40.57 ± 0.46 39.03 ± 0.5 -2.09 0.13 

Gross reproductive rate (GRR) 
(offspring) 200 ± 41.14 224.24 ± 46.59 0.39 0.69 
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Figure 1 Age-specific survival rate (lx) for pre-adult and adult stages, and age-specific fertility (mx) of 
Serangium montazerii feeding on Dialeurodes citri feeding on Page tangerine and Thompson navel orange (P = 
Page tangerine, T = Thompson navel orange)  

  

Figure 2 Age-stage-specific life expectancy of Serangium montazerii on Dialeurodes citri feeding on Page 
tangerine and Thompson navel orange (P = Page tangerine, T = Thompson navel orange).  
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Figure 3 Age-stage-specific reproductive value of Serangium montazerii on Dialeurodes citri feeding on Page 
tangerine and Thompson navel orange (P = Page tangerine, T = Thomson navel orange). 
 
Discussion 
 
Studies have shown that development, 
survivorship and reproduction of ladybeetles 
vary significantly with host plant (LeRu and 
Mitsipa, 2002; Vatansever et al., 2003; Du et 
al., 2004; Fukunaga and Akimoto, 2007; 
Soroushmehr et al., 2008; Yao et al., 2010). 
Host plants sometimes indirectly affect the 
performance of natural enemies of 
phytophagous insects (Price et al., 1980; 
Ohgushi, 2005). For example, there is variation 
in the fatty acid content of the aphid, 
Acyrtosiphon pisum (Harris) depending on its 
host plant, and this in turn influences the 
performance of its insect natural enemies (Giles 

et al., 2000, 2002). Fukunaga and Akimoto 
(2007) found that the aphid, Aulacorthum 
magnoliae Essig & Kuwana has the potential to 
assimilate toxic substances from its host plants 
as larvae of the Harlequin ladybeetle, Harmonia 
axyridis (Pallas) fed on aphids reared on elder 
(Salix sieboldiana L.) suffered significantly 
higher mortality and grew more slowly. Low 
nutritional value can also act as a defense 
against herbivory and decrease the herbivore’s 
fecundity or increase its developmental time 
(Michaud, 1999). However, in the current 
study, S. montazerii could complete all 
developmental stages on D. citri feeding on two 
host plants and the host plants had no 
significant effect on its biological and 
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demographic parameters. Adult longevity of S. 
montazerii females was longer than males 
which is in agreement with Al-Zyoud (2008), 
for the adult longevity of S. montazerii females 
and males on cucumber at 25 °C. Mean pre-
oviposition was nearly the same on both host 
plants at 25 °C. This was in the same range for 
Thompson navel orange as found by Al-Zyoud 
(2008).  

The mean fecundity of S. montazerii was 
higher on Thompson navel orange than on Page 
tangerine. According to Al-Zyoud (2008) 
fecundity of S. montazerii was found to be 228 
eggs on cucumber at 25 °C that was very much 
lower than the results obtained here. However, 
the total fecundity (444 eggs) of S. 
parcesetosum Sicard reported by Ahmad and 
Abboud (2001) on cabbage was in agreement 
with the mean total fecundity of the predator on 
Page tangerine. The prey species also affects 
the predator’s fecundity, as S. montazerii fed on 
T. vaporariorum feeding on cucumber laid 28 
eggs (Al-Zyoud et al., 2005), which was much 
lower than that obtained in this study. These 
differences may be due to differences in host 
plants, prey and predator species. Peak 
reproductive values on the two host plants were 
very close to each other, it occurred only two 
days later on page tangerine. 

The intrinsic rate of increase (r) is a more 
useful statistic to compare the population 
growth potential of different species than is R0 
(Price, 1997). According to Southwood (1981) 
and Huffaker et al. (1984), r-strategists are 
characterized by a high r, a large fecundity 
(large R0) and short generation time (T). In this 
study, higher r value was obtained on 
Thompson navel orange (0.14 ± 0.07). 
However, Songlin et al. (2010) obtained the 
highest r value (0.739) for S. japnicum Chapin 
feeding on Bemisia tabaci Gennadius feeding 
on Codiaeum variegatum (L.) at 23 °C. The 
range of this parameter in our study is also to 
some extent in agreement with those of 
Songlin et al. (2010) at 26, 29 and 32°C 
(0.106, 0.113, 0.103 day-1), respectively. The 
generation time for S. montazerii on Page 
tangerine and Thompson navel orange was 

nearly the same. This was lower than those 
reported for S. japonicum on Bemisia tabaci at 
different temperature levels, except for 32 °C 
(36.6 days) (Songlin et al., 2010). The finite 
rate of increase (λ) was greater than 1 on both 
host plants, so these results may suggest that S. 
montazerii would be considered as a r-
strategist predator.  

Although the life table parameters of S. 
montazerii feeding on D. citri, on two related 
host plants were very close to each other, the 
lady-beetle showed a slightly better 
reproductive performance on Thompson navel 
orange than on Page tangerine. However, it can 
be concluded that information on the life table 
parameters of S. montazerii on two different 
host plants provide useful information that 
would facilitate more effective control of D. 
citri by this predator. 
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 سفيد روي Serangium montazerii (Coleptera: Coccinellidae)رامترهاي دموگرافيك امقايسه پ
  گياهي  دو ميزبان با تغذيه از Dialeurodes citri (Hemipera: Aleyrodidae)بالك مركبات 
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سفيد بالك  با تغذيه از Fursch  Serangium montazeriiپارامترهاي دموگرافيك كفشدوزك،: چكيده

 و پرتقال  Pageنارنگي.  شدتعيينهي ميزبان گيا  روي دوDialeurodes citri Ashmeadمركبات، 
اين بررسي در شرايط آزمايشگاهي . هاي گياهي مورد استفاده قرار گرفتندعنوان ميزبانبهتامسون ناول 

 ساعت روشنايي به 8 : 16 درصد، با دوره نوري70 ± 5 درجه سلسيوس و رطوبت نسبي 25 ± 1دماي(
-  و پرتقال تامسون ناول به Pageنارنگيفشدوزك روي مجموع دوره پيش از بلوغ ك.  انجام شد) تاريكي
بقا از تخم تا حشره كامل روي دو ميزبان  نرخ.  روز بود27/19±  251/0 و 84/20±  302/0ترتيب 

هاي گذاشته شده توسط هر ماده روي و مجموع تخمريزي  تخمدوره. هم نزديك بودهي خيلي بهگيا
 099روز و  36/33±  599/0، 64/29 ± 905/0ترتيب  و پرتقال تامسون ناول به Pageنارنگي

 و پرتقال تامسون  Pageنارنگياوج مقادير توليد مثل روي . تخم بود ±57/528  369/12، 11±14/457/
 و  Page روي نارنگي (r)نرخ ذاتي افزايش جمعيت . اتفاق افتاد 33 و 31ترتيب در روزهاي ناول به

. بود بر روز 126/0  ±006/0 و 134/0 ± 063/0ترتيب دار بهعني بدون تفاوت مپرتقال تامسون ناول
  اگرچه.دبو روز 57/40 ± 46/0  و03/39±  5/0ترتيب  روي دو ميزبان گياهي به(T) مدت زمان نسل

هم  خيلي به دو ميزبان گياهي وابستهD. citri با تغذيه از  S. montazeriiپارامترهاي جدول زندگي
تقال تامسون ناول نسبت به روي پر توليد مثلي بهتري عملكردحدي  تاوزك كفشد ولي نزديك بود

  .  نشان داداز خود   Pageنارنگي
  

 .Sمدت زمان يك نسل، نرخ ذاتي افزايش جمعيت، پارامترهاي جدول زندگي،: واژگان كليدي

montazerii  بقا ، 
 


