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Abstract
Development and reproduction of Nephus includens Kirsch (Coleoptera: Coccinellidae) on Planococcus ficus (Signoret) 
(Hemiptera: Pseudococcidae) were evaluated in climate cabins at four different temperatures (20, 25, 30, and 35 ± 1 °C), 
60% ± 10 relative humidity, and 16:8 h (light:dark) photoperiod. The shortest development durations of the predator were 
observed at 30 and 35 °C (23.3 and 22.43 days, respectively). The fecundity of the predator was highest (87.47 eggs) at 
30 °C and lowest at 35 °C (0.40 eggs). The longest female and male longevity was at 20 °C (124.80 and 125.08 days, 
respectively) and their shortest values at 35 °C (40.40 and 53.00 days, respectively). The highest intrinsic rate of increase 
(r = 0.0703 day−1), finite rate of increase (λ = 1.0727 day−1), and net reproductive rate (R0 = 33.24 eggs) of the predator were 
obtained at 30 °C. Based on present findings, it was concluded that N. includens could be used in biological control of the 
vine mealybug, especially in regions with average temperatures (25–30 °C).
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Introduction

Vine mealybug, Planococcus ficus (Signoret) (Hemiptera: 
Pseudococcidae), is a common species encountered world-
wide. It generates significant economic losses in vineyards, 
especially of Mediterranean countries, the USA, Pakistan, 
Argentina, and South Africa (Ben-Dov 1994; Walton and 
Pringle 2004a; Daane et al. 2012). The P. ficus was reported 
on 36 host plant species of 30 genera of 24 families (Garcia 
Morales et al. 2016). The pest spends winter months in bot-
tom sections of the plant, under the bark or soil, in colonies 
extending 30 cm underground, and then, it moves toward 
upper sections of the plant in spring and summer months, 
and feed through suction (Ben-Dov 1994). Furthermore, the 
secreted honeydew-like substances from P. ficus result in 
development saprophyte fungi on the plants (Godfrey et al. 

2002; Walton and Pringle 2004a). The pest also exhibits a 
symbiotic life with Clastero-viruses and transmits leafroll 
virus to vines (Rosciglione and Gugerli 1989; Engelbrecht 
and Kasdorf 1990).

Biological control is one of the most significant methods 
for controlling of Planococcus ficus (Cocco et al. 2021). 
Although the efficacy of some entomopathogenic fungi and 
entomopathogenic nematodes on the vine mealybug has 
been reported, encyrtid parasitoids and predator species 
of Coccinellidae, especially Nephus spp., are considered 
as the most efficient and common natural enemies (Walton 
and Pringle 2004b; Shahina et al. 2010; Daane et al. 2012; 
Le Vieux and Malan 2013; Muştu and Kılınçer 2013; Muştu 
et al. 2015; Mohamed 2016; Sharma et al. 2018). Nephus 
includens Kirsch (Coleoptera: Coccinellidae) was recorded 
as an important predator of the mealybug in Italy, Spain, 
Egypt, Portugal, Syria, Saudi Arabia, Turkey, and Greece 
(Bodenheimer 1951; Viggiani 1974; Argyriou et al. 1976; 
Uygun 1981; Longo and Benfatto 1987; Katsoyannos 1996; 
Magro et al. 1999; Magro and Hemptinne 1999).

Life tables offer important clues about the effects of dif-
ferent ecological conditions, such as temperature, on the 
development of insect populations (Chi and Su 2006). There 
are a few studies about the development and reproduction 
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of N. includens at different temperatures (Canhilal et al. 
2001; Kontodimas et al. 2004, 2007). In these studies, data 
on some biological characteristics of N. includens on citrus 
mealybug, Planococcus citri Risso have been achieved. It 
has been reported that N. includens may usually feed on dif-
ferent mealybug species, especially P. ficus and rarely on the 
pests of different genus and families (Soylu 1978; Bayoumy 
and Michaud 2012). So, the objectives of the present study 
were to investigate the development and reproduction of N. 
includens on the vine mealybug at different temperatures. 
The obtained results can be used in integrated pest manage-
ment (IPM) programs of vine mealybug and for assessing 
the proper conditions for mass production of the predator.

Materials and methods

Planococcus ficus stock culture

Planococcus ficus individuals were collected from mul-
berry trees in the Adana province (N: 37°01′42.36″ E: 
35°18′45.46″, 59 m) in Turkey and brought to the labora-
tory. Mealybugs were reared on germinated potatoes and 
pumpkins in 3-L plastic jars and also in 4 × 11 × 10 cm and 
28.5 × 36 × 58 cm plastic boxes with ventilation holes on the 
sides in incubators under 25 ± 1 °C temperature, 60 ± 10% 
relative humidity, and 16:8 h (light:dark) photoperiod con-
ditions. The eggs of P. ficus females were again placed on 
potatoes and pumpkins with a soft brush to provide the sus-
tainability of the stock culture.

Nephus includens stock culture

N. includens individuals were initially collected from mul-
berry plants infested with P. ficus in Adana province in 
Turkey. They were reared in laboratory, but then re-sup-
plied from Adana Biological Control Research Institute, 
because of some problems encountered in the stock culture. 
N. includens was reared on P. ficus population, feeding on 
germinated potatoes in 3-L plastic jars with two ventila-
tion holes (10 × 10 cm) and tulle covering in incubators 
under 25 ± 1 °C temperature, 60 ± 10% relative humidity, 
and 16:8 h (light:dark) photoperiod conditions. To provide 
the sustainability of the predator’s stock culture, the newly 
emerged adults were periodically released in other rearing 
jars, containing potatoes infested with P. ficus population.

Life table studies

N. includens was separately reared on each temperature 
regimes for one generation before experiments. Since there 
were not sufficient predators that had reached adult stage at 

35 °C, many numbers of predators were reared to reach suf-
ficient number of eggs.

To obtain predator eggs, 10–20-day-old adult predators 
were placed in groups of 10 adults (5 ♀ and 5 ♂) into 9 cm 
diameter four Petri dishes containing P. ficus individuals of 
all stages. Petri dishes were monitored daily under stereo 
binocular microscope, and 50 newly laid eggs were trans-
ferred with a soft brush to previously prepared Petri dishes. 
Hatching was monitored daily, and the newly emerged 1st 
instar larvae were transferred into new Petri dishes contain-
ing P. ficus. These Petri dishes (5.5 cm diameter and tulle-
covered holes for ventilation) were filled with water agar to 
about one third of the dish, and then, a disk-shaped vine leaf 
(Narince cultivar) was placed upside down on the agar. A 
single larva of the predator was introduced in each prepared 
Petri dish. Petri dishes contained mealybugs of mixed stages 
in numbers greater than the number of N. includens larvae to 
be fed. Larvae were transferred into new Petri dishes every 
three days, and the development stages of egg and larvae 
were monitored in 24-h intervals until they reached adult 
stage. In this way, duration of egg, larva, prepupa, and pupa 
stages of the predator (from egg stage to adult stage) were 
determined in climate cabins at 20 ± 1, 25 ± 1, 30 ± 1, and 
35 ± 1 °C temperatures, 60% ± 10 relative humidity, and 
16:8 h (light:dark) photoperiod.

Since gender of N. includens adults could not be identi-
fied, adult individuals hatched from the pupae, on the same 
day, were placed into 9 cm Petri dishes containing additional 
numbers of P. ficus for 10-day feeding, until they reach the 
sexual maturity. Then, adults were separately transferred into 
5.5 cm Petri dishes, prepared as mentioned above. Following 
the identification of females, a male individual was paired 
with a female individual. During the experiment, new males 
to mate with females were placed instead of died male indi-
viduals. Female and male individuals were monitored every 
24 h under a stereo binocular microscope, until the death of 
last individuals. In this way, number of eggs oviposited by 
N. includens female individuals (fecundity), preoviposition 
duration, number of oviposition days, lifespan of female and 
male individuals (longevity) was determined.

Statistical analysis

Life table parameters were calculated based on age–stage, 
two-sex life table analyses (Chi 1988; Chi 2021; Chi and 
Liu 1985). The TWOSEX MSChart (Chi 2021) software 
was used to analyze life table raw data. With these analyses, 
age–stage specific survival rates (sxj) (x age and j stage), 
age–stage specific fecundity (fxj), age-specific survival rate 
(lx), female age-specific fecundity (mx), and age-specific 
maternity (lxmx) values were calculated. Intrinsic rate of 
increase (r) was calculated with the use of the following 
equation (Goodman 1982).
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Net reproductive rate (Ro) (individual) is expressed as 
reproductive rate of each generation or average number of 
reproducing females obtained from new oviposited eggs and 
expected to survive. It is calculated through multiplying the 
age-specific survival rate of individuals of a population (lx) 
by age-specific fecundity (mx) rates.

The lx and mx values in the age–stage specific two-sex life 
table were calculated with the use of the following equations.

Finite rate of increase was determined with the following 
equation:

Mean generation time, (T) (day), which is the time span 
required to increase population size up to net reproductive 
rate was calculated with the use of T = ln(R0)/r.

Age–stage specific life expectancy, (exj), was calculated 
with the use of the following equation (Chi and Su 2006).

∞
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Age–stage specific reproductive value (vxj) (Fisher 1930) 
was calculated with the use of the following equation (Tuan 
et al. 2014).

The Bootstrap (Efron and Tibshirani 1993) method was used 
to test the significance of the effects of temperatures on life 
table parameters 100,000 artificial bootstraps were produced 
with the use of TWOSEX MSChart (Chi 2021) software, 
and thus, the means and standard errors of the life table 
parameters were obtained. With the use of the resultant val-
ues, differences between different temperatures were tested 
by applying a Paired Bootstrap test.

Results

There were significant differences in duration of develop-
ment stages of N. includens (Table 1). Total preadult devel-
opment stage of the predator shortened with increasing 
temperatures. The longest total preadult stage at 20 °C and 
its shortest value at 35 °C. Preadult mortality rates of N. 
includens at 25 and 30 °C were significantly lower than its 
values at other temperatures (20 and 35 °C) (Table 1).

The shortest adult preoviposition (APOP) and total preo-
viposition (TPOP) periods of the predator were observed 
at 30 °C, and the highest values of these parameters were 
observed at 20 °C (Table 2). The highest values of oviposi-
tion days and fecundity were observed at 30 °C, and the low-
est values of them were seen at 35 °C (Table 2). The longest 

exj =

∞
∑

i=x

k
∑

y=j

s�
iy

vxj =
er(x+1)

sxj

∞
∑

i=x

e−r(i+1)
k
∑

y=j

s�
iy
fiy

Table 1   Developmental times 
(d) and preadult mortality 
rates (%) of Nephus includens 
fed on Planococcus ficus at 
various constant temperatures 
(Mean ± SE)

*The means followed by different letters in the same row are significantly different using the paired boot-
strap test at 5% significance level. The standard errors were calculated using the bootstrap procedure with 
100,000 resampling

Stage Temperature

n 20 °C n 25 °C n 30 °C n 35 °C

Egg 50 11.85 ± 0.25a* 50 5.63 ± 0.15b 50 4.66 ± 0.07c 50 4.32 ± 0.25c
L1 46 6.95 ± 0.20a 49 3.21 ± 0.11b 50 2.51 ± 0.09c 28 3.36 ± 0.25b
L2 37 5.11 ± 0.27a 47 3.11 ± 0.13b 49 2.27 ± 0.09c 25 2.06 ± 0.22c
L3 35 5.45 ± 0.24a 44 2.79 ± 0.11b 48 2.32 ± 0.10c 16 2.08 ± 0.23c
L4 33 5.00 ± 0.24a 42 2.69 ± 0.14b 47 2.5 ± 0.12b 13 2.45 ± 0.25b
Prepupa 29 4.10 ± 0.22a 39 2.13 ± 0.10b 46 2.09 ± 0.13b 11 2.00 ± 0.30b
Pupa 29 23.82 ± 0.44a 39 11.05 ± 0.21b 46 6.93 ± 0.17c 9 6.00 ± 0.48c
Total preadult duration 50 62.12 ± 0.39a 50 30.59 ± 0.29b 50 23.30 ± 0.16c 50 22.43 ± 1.04c
Preadult mortality rate 50 0.66 ± 0.07b 50 0.22 ± 0.06c 50 0.14 ± 0.049c 50 0.86 ± 0.05a
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female longevity was measured at 20 and 25 °C (Table 2). 
The same trend was observed for male’s longevity (Table 2).

Age–stage specific survival rate (sxj) indicates survival 
possibility of a newly oviposited egg up to age x and stage 
j. Survival possibility of a newly oviposited N. includens 
egg until adult stage at 20, 25, 30, and 35°C for female and 
male individuals was identified as 0.10 and 0.24, 0.38 and 
0.40, 0.38 and 0.48, and 0.10 and 0.04, respectively (Fig. 1). 
The highest entire population age-specific fecundity (mx) and 
age-specific maternity (lxmx) values were observed at 30 °C 
(Fig. 2).

Temperature greatly affected the intrinsic rate of increase 
of N. includes (Table 3). The highest value of this param-
eter was observed at 30 °C (Table 3). However, its lowest 
value was observed at 35 °C, at which the population of the 
predator was decreasing (Table 3). The highest finite rate 
of increase (λ) was observed at 30 °C, and its lowest value 
was at 35 °C (Table 3). The highest and lowest values of 
net reproductive rate (R0) were observed at 30 and 35 °C, 
respectively (Table 3). The mean generation time (T) was 
longer at 20 °C than at other temperatures (Table 3).

Life expectancy (exj) indicates the expected life of an 
individual at the age x and stage j. Life expectancy of N. 
includens was longer at 25 °C as compared to other tem-
peratures (Fig.  3). The shortest life expectancy of the 
predator was observed at 35 °C (Fig. 3). The peak value 
on reproductive curve presents the greatest contribution to 
the population. Reproductive rate of N. includens females 
reached the highest levels on the 87th day (v87 = 21.26), 
51st day (v51 = 16.21), 41st day (v41 = 37.84) and 19th day 
(v19 = 2.19) at 20, 25, 30, and 35 °C, respectively (Fig. 4).

Discussion

The previous studies about the development of N. includens 
are mostly related to development of the predator on the 
citrus mealybug, P. citri. In the present study, the total prea-
dult durations of the predator were 62.12, 30.59, 23.30, and 

22.43 days at 20, 25, 30 and 35 °C, respectively. Tranfaglia 
and Viggiani (1973) reported preadult stage of N. includens 
fed on P. citri 25.9 days at 25–27 °C. Soylu et al. (1983) 
reported total development period of the predator on P. citri 
32.6 days at 25 °C and 23.3 days at 28 °C. Canhilal et al. 
(2001) show that the development duration of N. includens 
fed on P. citri was 48.8, 31.4, 24.6, and 22.0 days at 20, 
25, 30, and 35 °C, respectively. Kontodimas et al. (2004) 
reported the development duration of N. includens fed on 
P. citri at 20, 25, 30, and 35 °C as 46.3, 29.1, 20.9, and 
21.4 days, respectively. The findings of the present study 
on development durations at 25, 30, and 35 °C were gener-
ally similar to the previously reported values. However, the 
present development duration obtained at 20 °C was longer 
than the previous reports (Canhilal et al. 2001; Kontodimas 
et al. 2004), which can be related to prolonged development 
of different stages of the predator at this temperature.

In the present study, preadult mortality rate of the preda-
tor was 0.66, 0.22, 0.14, and 0.86% at 20, 25, 30 and 35 °C, 
respectively. Canhilal et al. (2001) reported total preadult 
mortality rates of N. includens at 20, 25, 30, and 35 °C tem-
peratures as 55.6, 36.7, 34.4, and 71.6%, respectively. The 
present study’s preadult mortality rates at 25 and 30 °C were 
lower and at the temperatures of 20 and 35 °C were higher 
than the values of Canhilal et al. (2001). It shows that low 
and high temperatures negatively influenced the predator as 
compared to average temperatures.

In the present study, the shortest preoviposition (APOP) 
duration of N. includens (9.8 days) was at 30 °C. Canhilal 
et al. (2001) reported preoviposition duration of N. includens 
at 30 °C as 4.6 days. Findings of Kontodimas et al. (2004) 
also showed that the preoviposition period of N. includens 
was 4.56 days at 30 °C. In the present study, the preovi-
position periods were almost twice as much as the values 
reported in previous studies. It is thought that this difference 
may be due to the use of different mealybug species or the 
different experimental designs.

In the present study, the fecundity of N. includens was 
24.80, 42.58, 87.47, and 0.40 eggs at 20, 25, 30 and 35 °C, 

Table 2   The adult 
preoviposition period (APOP), 
total preoviposition period 
(TPOP), oviposition days, 
fecundity, and female and male 
longevity of Nephus includens 
fed on Planococcus ficus at 
various constant temperatures 
(Mean ± SE)

*The means followed by different letters in the same row are significantly different using the paired boot-
strap test at 5% significance level. The standard errors were calculated using the bootstrap procedure with 
100,000 resampling

Stage Temperature

n 20 °C n 25 °C n 30 °C n 35 °C

APOP 5 28.00 ± 0.55a* 19 13.94 ± 0.50b 19 9.59 ± 0.47c 5 13.00 ± 0.00b
TPOP 5 88.80 ± 0.59a 19 43.78 ± 0.69b 19 33.18 ± 0.42d 5 38.00 ± 0.00c
Oviposition days 5 16.40 ± 3.91b 19 20.78 ± 3.63b 19 29.35 ± 2.16a 5 2.00 ± 0.00c
Fecundity 5 24.80 ± 6.54b 19 42.58 ± 8.53b 19 87.47 ± 11.38a 5 0.40 ± 0.34c
Female longevity 5 124.80 ± 8.43a 19 105.68 ± 8.44a 19 74.42 ± 4.19b 5 40.40 ± 5.07c
Male longevity 12 125.08 ± 6.87a 20 134.75 ± 9.59a 24 64.17 ± 3.73b 2 53.00 ± 16.00b
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respectively. The values were quite lower than the values 
reported in previous studies, in which the predator’s prey 
was P. citri. For example, Tranfaglia and Viggiani (1973) 
reported that N. includens oviposited totally 150.9 eggs at 
25–27 °C. Canhilal et al. (2001) indicated a decreasing total 
and daily number of eggs with increasing temperatures and 
reported the number of eggs oviposited at 25, 30, and 35 °C 
as 133.5, 123, and 50.8, respectively. Furthermore, Konto-
dimas et al. (2007) reported the fecundity of N. includens at 
20, 25, 30, and 35 °C as 97.8, 162.8, 108.5, and 31.1 eggs, 

respectively. Differences in fecundity values from this study 
and previous studies were mostly attributed to differences in 
prey species.

In the present study, females and males longevity of N. 
includens was quite longer at 20 and 25 °C than at 30 and 35 
°C. Under 25–27 °C and 50–70% relative humidity condi-
tions, Tranfaglia and Viggiani (1973) reported that the lon-
gevity of N. includens females was 74 days and males was 
62 days. Canhilal et al. (2001) reported that the females and 
males longevity of N. includens at 25 °C was 70 and 78 days, 

Fig. 1   Age–stage specific 
survival rate (sxj) of Nephus 
includens fed on Planococ-
cus ficus at various constant 
temperatures
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respectively. According to Kontodimas et al. (2007) findings, 
the longevity of females of N. includens was 69.5 days at 25 
°C. In the present study, the obtained values for the longevity 
of the predator’s females and males were quite longer than 
those reported in above-mentioned studies. It is thought that 
this result may be related to the different mealybug species 
used in this study and previous studies.

In the present study, the intrinsic rate of increase (r) and 
net reproductive rate (R0) of N. includens were 0.0086 d−1 
and 2.48 eggs, 0.0415 d−1 and 16.18 eggs, 0.0703 d−1 and 
33.24 eggs, and − 0.0760 d−1 and 0.04 eggs at 20, 25, 30, 
and 35 °C, respectively. Kontodimas et al. (2007) reported 
the intrinsic rate of increase (r) and net reproductive rate 
(R0) of N. includens at 20, 25, 30, and 35 °C as 0.041 d−1 

Fig. 2   Age-specific survival 
rate (lx), age-specific fecundity 
(mx), and age-specific maternity 
(lxmx) of Nephus includens fed 
on Planococcus ficus at various 
constant temperatures
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and 32.2 eggs, 0.083 d−1 and 60.7 eggs, 0.086 d−1 and 32.6 
eggs, and 0.024 d−1 and 2.6 eggs, respectively. Canhilal 
et al. (2001) reported the intrinsic rate of increase (r) and 
net reproductive rate (R0) of N. includens fed on P. citri at 
25, 30, and 35 °C as 0.067 d−1 and 54.4 eggs, 0.081 d−1 and 
38.0 eggs, and 0.053 d−1 and 7.7 eggs, respectively. In the 
present study, the values of (r) and (R0) were generally lower 
than the values of Canhilal et al. (2001) and Kontodimas 
et al. (2007). In this study, unlike previous studies, the (r) 
value of the predator was determined as negative at 35 °C. 
This result shows that if the predator is fed on vine mealybug 
at this temperature, its population will gradually decrease 
and it may disappear over time. In the present study, the 
finite rate of increase values and the mean generation times 
of N. includens were 1.0086 d−1 and 106.00 days, 1.0423 d−1 
and 67.16 days, 1.0728 d−1 and 49.86 days, and 0.9268 d−1, 
42.34 days at 20, 25, 30, and 35 °C, respectively. Kontodi-
mas et al. (2007) reported the finite rate of increase (λ) of N. 
includens at 20, 25, 30, and 35 °C as 1.04, 1.09, 1.09, and 
1.02 d−1 and its mean generation times as 84.6, 49.4, 40.4, 
and 39.7 days, respectively. Canhilal et al. (2001) reported 
the mean generation times of N. includens at 25, 30, and 
35 °C as 59.6, 44.9, and 38.4 d, respectively. In the present 
study, the finite rate of increase values at the same tempera-
tures was lower than the values of Kontodimas et al. (2007). 
A similar trend was observed in the mean generation times. 
In the present study, the values of mean generation times 
at the same temperatures were longer than those reported 
in Kontodimas et al. (2007) and Canhilal et al. (2001). It is 
thought that the type of prey affects these parameters of the 
predator as well as other parameters. Comparing to the other 
studies, the values of the population parameters N. includens 
feeding on P. ficus as prey were generally lower than on P. 
citri (Canhilal et al. 2001; Kontodimas et al. 2007). Boggs 
(2009) stated that food is one of the most important factors 
affecting life-history parameters of an insect. To date, the 
biological properties of N. includens have not been studied 
on any mealybug species other than P. citri. On the other 
hand, it has been reported that there are differences in the 
biological characteristics of C. montrouzieri feeding on dif-
ferent mealybug species (Baskaran et al. 1999, 2002; Naser 

et al. 2011; Qin et al. 2014). A similar result was reported 
in another study in which two different mealybug species 
were presented as prey to another mealybug predator, Hyper-
aspis polita Weise (Coleoptera: Coccinellidae) (Madih et al. 
2017).

Age–stage specific life expectancy (exj) and age–stage 
specific reproductive value (vxj) are important parameters 
used in mass production and release time of natural preda-
tors in biological control. Tsai and Chi (2007) indicated that 
being at the same age of individuals, but in different stages 
and genders could cause differences in life expectancy. Thus, 
age–stage, two-sex life tables may reveal such differences 
and they may yield more precise outcomes than conventional 
female age-specific life tables. Chi and Su (2006) indicated 
a reproductive value of newly oviposited eggs as same as 
the finite rate of increase (λ). In the current study, at the 
optimum temperature (30 °C), the age–stage specific life 
expectancy of the females (exj) was 98 days and the highest 
age–stage specific reproductive value was obtained at 41st 
day (v41 = 37.84). Female individuals kept ovipositing until 
the last two days of their life. At 25 °C, the highest age–stage 
specific reproductive value was obtained at the 51st day 
(v51 = 16.21) and the predator kept living and ovipositing 
105 days after that day. Kontodimas et al. (2007) indicated 
that N. includens females achieved the highest reproduc-
tive value at 25 °C in the 7th day and the expected remain-
ing lifetime (ex) was lasted 55 days. It was determined that 
when N. includens fed on P. ficus, reaching to the highest 
reproductive value was delayed and it oviposited less eggs, 
but its adult longevity was prolonged nearly twice as much 
(Kontodimas et al. 2007).

The present study findings revealed that N. includens 
could survive on P. ficus at all temperatures tested. How-
ever, it was determined that the reproduction of the preda-
tor was affected by the high temperature and the preda-
tor population decreased drastically at 35 °C. Population 
parameters obtained at these temperatures revealed that 
the optimum temperature for the predator was 30 °C. It 
was concluded that N. includens mass production could 
be done at 30 °C and used in biological control of the 
vine mealybug. If Nephus species are used for biological 

Table 3   Population parameters 
of intrinsic rate of increase (r), 
finite rate of increase (λ), net 
reproductive rate (R0), and mean 
generation time (T) of Nephus 
includens fed on Planococcus 
ficus at various constant 
temperatures (Mean ± SE)

*The means followed by different letters in the same row are significantly different using the paired boot-
strap test at 5% significance level. The standard errors were calculated using the bootstrap procedure with 
100,000 resampling

Parameter Temperature

20 °C 25 °C 30 °C 35 °C

r 0.0086 ± 0.0058c* 0.0415 ± 0.0041b 0.0703 ± 0.0047a − 0.0760 ± 0.0103d
λ 1.0086 ± 0.0058c 1.0423 ± 0.0043b 1.0728 ± 0.0050a 0.9268 ± 0.0097d
R0 2.48 ± 1.19c 16.18 ± 4.33b 33.24 ± 7.37a 0.04 ± 0.03d
T 106.00 ± 3.51a 67.16 ± 2.80b 49.86 ± 1.07c 42.34 ± 0.05d
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control of vine mealybug in vineyards especially, they 
may more comfortably move under vine barks as com-
pared to larger-sized Coccinellids such as Cryptolaemus 
montrouzieri Mulsant. Considering the fact that C. mon-
trouzieri could not spend winter in Turkey and the other 

countries within the same climate zone, it is thought that 
N. includens could be used in biological control of pests in 
vineyards and orchards in which mulberry and fig-like P. 
ficus host trees are grown. However, to reach an absolute 
judgment on this issue, efficacy of the predator on vine 
mealybug should also be tested under field conditions.

Fig. 3   Age–stage specific life 
expectancy (exj) of Nephus 
includens fed on Planococ-
cus ficus at various constant 
temperatures

20 °C

0 50 100 150 200
0

20

40

60

80

100

Female
Male

25 °C

0 10 20 30 40
0

20

40

60

80

100

120

25 °C

0 50 100 150 200 250
0

20

40

60

80

100

120

30 °C

0 5 10 15 20 25 30
0

10

20

30

40

50

60

70

30 °C

0 20 40 60 80 100 120
0

10

20

30

40

50

60

70

35 °C

Age (d)
0 5 10 15 20 25 30

Li
fe

ex
pe

ct
an

cy
( e
xj
)

0

5

10

15

20

25

30

35

35 °C

0 20 40 60 80
0

5

10

15

20

25

30

35

20 °C

0 10 20 30 40 50 60 70
0

20

40

60

80

100

Egg
L1
L2
L3
L4
Prepupa
Pupa



1197Journal of Plant Diseases and Protection (2022) 129:1189–1199	

1 3

20 °C

0 10 20 30 40 50 60 70
0

1

2

3

4

5

6

Egg
L1
L2
L3
L4
Prepupa
Pupa

20 °C

0 20 40 60 80 100 120 140 160
0

5

10

15

20

25

Female

25 °C

0 10 20 30 40

R
ep

ro
du

ct
iv
e
va
lu
e
(v
xj
)

0

1

2

3

4

5

6

25 °C

0 20 40 60 80 100 120 140 160 180
0

2

4

6

8

10

12

14

16

18

30 °C

0 5 10 15 20 25 30
0

2

4

6

8

10

30 °C

0 20 40 60 80 100 120
0

10

20

30

40

35 °C

A ge (d)
0 5 10 15 20 25 30

0.0

0.5

1.0

1.5

2.0

2.5

35 °C

0 10 20 30 40 50
0.0

0.5

1.0

1.5

2.0

2.5

Fig. 4   Age–stage specific reproductive value (vxj) of Nephus includens fed on Planococcus ficus at various constant temperatures



1198	 Journal of Plant Diseases and Protection (2022) 129:1189–1199

1 3

Acknowledgements  This publication has formed from a part of the 
master’s thesis of second author. We are grateful to Prof. Dr. M. 
Bora Kaydan and Prof. Dr. Nedim UYGUN (Retired) (Çukururova 
University, Adana, Turkey) for identifications of insects. We thank 
Biological Control Research Institute, Adana, Turkey for culture of 
Nephus includens. This work has been supported by Erciyes University 
Scientific Research Projects Coordination Unit under Grant Number 
FBA-2016-6614.

Funding  Not applicable.

Availability of data and material  The data that support the findings of 
this study are available from the corresponding author.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

Argyriou LC, Stavraki HG, Mourikis PA (1976) A list of recorded 
entomophagous insects of Greece. Benaki Phytopathological 
Institute, Athens

Baskaran RKM, Lakshmi LG, Uthamasamy S (1999) Comparative 
biology and predatory potential of Australian ladybird beetle 
(Cryptolaemus montrouzieri) on Planococcus citri and Dactylo-
pius tomentosus. Indian J Agric Sci 69:605–606

Baskaran RKM, Srinivasan TR, Muthumeena K, Muthulakshmi S, 
Mahadevan NR (2002) Life-table of Australian ladybird beetle 
(Cryptolaemus montrouzieri) feeding on mealybugs (Maconel-
licoccus hirsutus and Dactylopius tomentosus). Indian J Agric 
Sci 72:54–56

Bayoumy MH, Michaud JP (2012) Parasitism interacts with mutual 
interference to limit foraging efficiency in larvae of Nephus 
includens (Coleoptera: Coccinellidae). Biol Control 62:120–126

Bodenheimer FS (1951) Citrus entomology in the middle east with 
special references to Egypt, Iran, Iraq, Palestine, Syria and Turkey. 
S-Gravenhage, Groningen, Holland

Boggs CL (2009) Understanding insect life histories and senescence 
through a resource allocation lens. Funct Ecol 23:27–37

Canhilal R, Uygun N, Carner GR (2001) Effects of temperature on 
development and reproduction of a predatory beetle, Nephus 
includens Kirsch (Coleoptera: Coccinellidae). J Agric Urban 
Entomol 18(2):117–125

Chi H (1988) Life-table analysis incorporation both sexes and variable 
development rate among individual. Environ Entomol 17:26–34

Chi H, Liu H (1985) Two new methods for the study of insect popula-
tion ecology. Bull Inst Zool Acad Sin 24:224–240

Chi H, Su HY (2006) Age-stage, two-sex life tables of Aphidius gif-
uensis (Ashmead) (Hymenoptera: Braconidae) and its host Myzus 
persicae (Sulzer) (Homoptera: Aphididae) with mathematical 
proof of the relationship between female fecundity and the net 
reproductive rate. Environ Entomol 35:10–21

Chi H (2021) TWOSEX-MS chart: a computer program for the age-
stage, two-sex life table analysis. http://​140.​120.​197.​173/​Ecolo​gy/​
prod02.​htm. Accessed 03 Jan 2021

Cocco A, da Silva VCP, Benelli G, Botton M, Lucchi A, Lentini A 
(2021) Sustainable management of the vine mealybug in organic 
vineyards. J Pest Sci 94:153–185

Daane KM, Almeida RPP, Bell VA, Walker JTS, Botton M, Fallahza-
deh M, Mani M, Miano JL, Sforza R, Walton VM, Zaviezo T 

(2012) Biology and management of mealybugs in vineyards. In: 
Bostanian N, Vincent C, Isaacs R (eds) Arthropod management 
in vineyards: pests, approaches and future directions. Springer, 
Dordrecht, pp 271–307

Efron B, Tibshirani RJ (1993) An introduction to the bootstrap. Chap-
man & Hall, New York

Engelbrecht DJ, Kasdorf GGF (1990) Transmission of grapevine 
leafroll disease and associated closteroviruses by the vine 
mealybug Planococcus ficus. Phytophylactica 22:341–346

Fisher RA (1930) The Genetical theory of natural selection. Clar-
endon Press, Oxford

García Morales M, Denno BD, Miller DR, Miller GL, Ben-Dov Y, 
Hardy NB (2016) ScaleNet: a literature-based model of scale 
insect biology and systematics. https://​doi.​org/​10.​1093/​datab​
ase/​bav118. http://​scale​net.​info. Accessed 3 Jan 2021

Godfrey KE, Daane KM, Bentley WJ, Gill RJ, Malakar-Kuenen R 
(2002) Mealybugs in California vineyards. Publication 21612. 
University of California, Agriculture & Natural Resources, 
Oakland

Goodman D (1982) Optimal life histories, optimal notation, and the 
value of reproductive value. Am Nat 119:803–823

Katsoyannos P (1996) Integrated insect pest management for Citrus 
in northern mediterranean countries. Benaki Phytopathological 
Institute, Athens, p 100

Kontodimas DC, Eliopoulos AP, Stathas GJ, Economou LP (2004) 
Comparative temperature-dependent development of Nephus 
includens (Kirsch) and Nephus bisignatus (Boheman) (Coleop-
tera: Coccinellidae) preying on Planococcus citri (Risso) 
(Homoptera: Pseudococcidae) evaluation of a linear and vari-
ous nonlinear models using specific criteria. Environ Entomol 
33(1):1–11

Kontodimas D, Milionas P, Stathas G (2007) Life table parameters of 
the pseudococcid predators Nephus includens and Nephus bisig-
natus (Coleoptera: Coccinellidae). Eur J Entomol 104:407–415

Le Vieux PD, Malan AP (2013) The potential use of entomopathogenic 
nematodes to control Planococcus ficus (Signoret) (Hemiptera: 
Pseudococcidae). S Afr J Enol Vitic 34(1):296–306

Longo S, Benfatto D (1987) Coleotteri entomofagi presenti sugli 
agrumi in Italia. Informat Fitopatol 37:21–30

Madih SN, Ramezani L, Zarghami S, Sohani NZ (2017) Biology and 
life table parameters of Hyperaspis polita feeding on Phenacoc-
cus solenopsis and Planococcus citri under laboratory conditions. 
App Entomol Phytopathol 85(1):45–56

Magro A, Hemptinne JL (1999) The pool of Coccinellids (Coleop-
tera: Coccinellidae) to control Coccids (Homoptera: Coccoidea) 
in Portuguese citrus groves. Bol Sanid Veget Plagas 25:311–320

Magro A, Araujo J, Hemptinne JL (1999) Coccinellids (Coleoptera: 
Coccinellidae) in citrus groves in Portugal: listing and analysis 
of geographical distribution. Bol Sanid Veget Plagas 25:335–345

Mohamed GS (2016) Virulence of Entomopathogenic Fungi against the 
Vine Mealybug, Planococcus ficus (Signoret)(Hemiptera: Pseu-
dococcidae). Egypt J Biol Pest Co 26(1):47–51

Muştu M, Kılınçer N (2013) Life table and some feeding features 
of Nephus kreissli fed on Planococcus ficus. Phytoparasitica 
41:203–211

Muştu M, Demirci F, Kaydan MB, Ülgentürk S (2015) Laboratory 
assay of the effectiveness of the entomopathogenic fungus Isaria 
farinosa (Holmsk.) Fries (Sordariomycetes: Hypocreales) against 
the vine mealybug Planococcus ficus (Signoret) (Hemiptera: Pseu-
dococcidae), even under the use of fungicides. Int J Pest Manag 
61(3):264–271

Naser KSA, Al-Humiari AA, Atif EME, JYM, (2011) Comparative 
biology and larval predatory potential of the predator, Cryptol-
aemus montrouzieri (Mulsant) when reared on certain mealybug 
species. Egypt J Biol Pest Control 21(2):257–260

http://140.120.197.173/Ecology/prod02.htm
http://140.120.197.173/Ecology/prod02.htm
https://doi.org/10.1093/database/bav118
https://doi.org/10.1093/database/bav118
http://scalenet.info


1199Journal of Plant Diseases and Protection (2022) 129:1189–1199	

1 3

Qin ZQ, Qiu BL, Wu JH, Cuthbertson AGS, Ren SX (2014) Effects 
of three mealybug species on the development, survivorship and 
reproduction of the predatory lady beetle Cryptolaemus montrouz-
ieri Mulsant. Biocontrol Sci Techn 24:891–900

Rosciglione B, Gugerli P (1989) Transmission of grapevine leafroll dis-
ease and an associated Closterovirus to healthy grapevine by the 
mealybug Planococcus ficus Signoret. In: Proceedings of the 9th 
meeting of the international study of viruses and virus diseases 
of the grapevine. ICVG (1987). Kiryat Anavim, Israel, pp 67–69

Sforza R, Kirk A, Jones WA (2005) Results of foreign exploration for 
natural enemies of Planococcus ficus (Hom.:Pseudococcidae), a 
new invasive mealybug in California vineyards. In: AFFP—7EME 
conference international Sur Les Ravageurs en Agriculture, Mont-
pellier, pp 1–8

Shahina F, Kazmi AR, Tabassum KA, Mahreen G, Salma J (2010) 
Evaluation of Xenorhabdus nematophila from Steinernema asi-
aticum against wax moth larvae and vine mealybug. Int J Nematol 
20:203–210

Sharma L, Gonçalves F, Oliveira I, Marques TL, G, (2018) Insect-
associated fungi from naturally mycosed vine mealybug Plano-
coccus ficus (Signoret) (Hemiptera: Pseudococcidae). Biocontrol 
Sci Techn 28(2):122–141

Soylu OZ, Suzer T, Nacar F, Baykal M, Sofuoglu R (1983) Studies 
on predatory insects of the citrus mealybug, Scymnus includens 
Kirsch. Final report no: 103-638 Ankara, Turkey, Ministry of 
food, Agriculture and Animal Husbandry (in Turkish)

Soylu OZ (1978) Destructive and beneficial insect in citrus and their 
control methods, publication no: 46 Ankara, Turkey, Ministry of 
food, Agriculture and Animal Husbandry, p 16 (in Turkish)

Tsai TJ, Chi H (2007) Temperature dependent demography of Supella 
longipalpa (Blattodea: Blattellidae). J Med Entomol 44:772–778

Tuan SJ, Lee CC, Chi H (2014) Population and damage projection of 
Spodoptera litura (F.) on peanuts (Arachis hypogaea L.) under 
different conditions using the age-stage, two-sex life table. Pest 
Manag Sci 70:805–813

Uygun N (1981) Taxonomic research on Coccinellidae (Coleoptera) 
fauna of Turkey. Çukurova University, Faculty of Agriculture, 
Publications No: 157, Adana, Turkey

Viggiani G (1974) Recherches sur les cochenilles des agrumes. IOBC/
WPRS Bull 3:117–120

Walton VM, Pringle KL (2004a) Vine mealybug, Planococcus ficus 
(Sign.) (Hemiptera: Pseudococcidae), a key pest in South African 
vineyards. A review. S Afr J Enol Vitic 25(2):54–62

Walton VM, Pringle KL (2004b) A survey of mealybugs and associated 
natural enemies in vineyards in the western cape province, South 
Africa. S Afr J Enol Vitic 25(1):23–25

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Demographic parameters of Nephus includens Kirsch (Coleoptera: Coccinellidae) fed on vine mealybug, Planococcus ficus (Signoret) (Hemiptera: Pseudococcidae) at different temperatures
	Abstract
	Introduction
	Materials and methods
	Planococcus ficus stock culture
	Nephus includens stock culture
	Life table studies
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




