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Abstract Small walnut aphid (Chromaphis
juglandicola (Kaltenbach) (Hemiptera: Aphididae) is
important pest in walnut orchards in Lake Van Basin,
Turkey. In this study, the life-table parameters reflecting
population growth rate and predation rate of
Chrysoperla carnea (Stephen) (Neuroptera:
Chrysopidae), which is one of the important predators
of the pest, were determined. Life table parameters were
estimated according to age-stage, two-sex life table
method. Variances and standart errors of population
parameters were obtained according to Bootstrap meth-
od. The values obtained for the intrinsic rate of increase
(r), finite rate of increase (λ), net reproductive rate (R0)
and mean generation time (T) were 0.072 d−1, 1.070 d−1,
62.48 offspring and 57.16 d, respectively of C. carnea
fed on Chromaphis juglandicola. The net predation rate
(C0) was determined as 212.9 aphids. Pradation projec-
tion was performed by using timing program to prevent
the predator’s decrease in predation capacity and to
determine the most appropriate release quantities and
the appropriate interval between releases (to fill preda-
tion gaps) for biological control. The possible effects of
the findings on the bio-controls of Chromaphis
juglandicola by C. carnea were discussed. Results ob-
tained can be used in pest management program that
will be prepared for this pest.
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Introduction

Among the most commonly observed natural predators
in Turkey, as in the world, Chrysoperla spp.
(Neuroptera: Chrysopidae), are important predators in
walnut cultivation (Karut and Kazak 1999; Karut and
Şekeroğlu 1999). Due to good flying ability, long life,
high fertility, and reproductive potential, they are im-
portant predators used in biological management pro-
grams (Aziza et al. 2007). Additionally, these predators
are important due to their common observation in natu-
ral ecosystems, ease of mass production, high consump-
tion and search capabilities, and early appearances in
regions after the use of chemical pesticides (Obrycki
et al. 1989; Bozsik 1995).

Turkey is the fourth producer in walnut production
after China, the United States (US), and Iran
(FAOSTAT 2018). With ecological conditions suitable
for walnut cultivation, the Lake Van Basin (TUIK 2018)
is third producing area in Turkey, and in this basin,
species causing damage during the early vegetation
period such as Panaphis juglandis (Goeze) (Hemiptera:
Aphididae) and Chromaphis juglandicola (Kalt.)
(Hemiptera: Aphididae), known as walnut aphids
(Atlıhan et al. 2007; Toros et al. 1996) have been found.
These harmful species are found almost everywhere in
the world in which walnut cultivation is undertaken
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(Barnes et al. 1982). Chromaphis juglandicola are
found scattered on the lower section of walnut leaves
and feed on plant sap causing excessive sooty mold on
walnut leaves. Themanagement threshold for this pest is
15 individuals per leaf (Barnes and Moffitt, 1979). If
aphid populations rise above these levels, negative ef-
fects on yield and quality are observed, and this increase
has been shown to cause reductions in fruit size and
wrinkling of the internal fruit (Jaskiewicz and Cichocka
2004; Jaskiewicz and Kmiec 2007; Anonymous, 2017).

Many natural predators for aphids are found in wal-
nut fields in the Lake Van Basin, and green lacewing is
one of the most commonly encountered predators hav-
ing high population levels (Erol and Yaşar 1994; Erol
and Atlıhan 1995; Atlıhan et al., 2007).

Life table allows us to obtain accurate information on
the development and reproduction of insect species. (Yu
et al. 2013a) stated that in order to increase the effec-
tiveness of biological control, survival rate, stage differ-
entiation, fecundity and predation rate of predator
should be collected in the same frame. Studies compar-
ing life tables of natural enemy species and predators
provide information about their biological potential un-
der controlled conditions (Chi and Su 2006). This study
targeted the determination of population growth and
predation potential of C. carnea feeding on
C. juglandicola. The data obtained is important to pro-
vide the necessary information infrastructure in mass
production, to determine the correct release time and
the number of individuals required for release of
C. carnea in order to design a successful biological
control program for pests and projection of the ecolog-
ical relationship between prey and predator.

Materials and methods

Insect rearing

Chromaphis juglandicola used as prey were collected
daily from nature. C. carnea was collected from walnut
plantations. Mass production of the predator was com-
pleted in a climate-controlled roomwith 25 ± 1 °C, 60 ±
10% relative humidity (RH) and a photoperiod 16:8
(L:D).

Adult C. carneawere left in 35 × 15 × 15 cm produc-
tion jars with ventilation holes in the lid and sides
covered with cheesecloth. Because adults do not feed
on aphids, the inner walls of the jars were spread daily

with a beer yeast, honey, and water mixture as recom-
mended by Kişmir and Şengonca (1981), and addition-
ally, water-soaked cotton was placed in the base of the
jars with a petri dish containing drying paper. In order to
allow adult individuals to lay eggs, cheesecloth pieces
cut in strips were left in the jars. Larvae hatching from
eggs were fed with walnut aphids until they became
pupae. The adults emerging from the pupae were trans-
ferred to the same production jars for mating and the
mentioned mixture was given as food as well. Mass
production continuity was ensured to obtain the desired
number of predators during the trials. Trials began after
at least one generation was produced in order to elimi-
nate any previous prey-related effects.

Life table study of Chrysoperla carnea

A total of 40 egg stems were cut and placed singly in
Petri dishes (9 × 1.5 cm). Larvae hatching from the eggs
were fed C. juglandicola ad-libitum in the same Petri
dish in during the third period until they became pupae.
With daily observations, the development duration of
C. carnea from larval period to pupal period and the
mortality rates in these periods were identified. In this
study, the first mating appeared within 24 h after adults
emerged and was repeated several times throughout the
adult life span. After adults emerging from pupae were
brought together for mating. Adults were fed with beer
yeast, honey, and water mixtures. Daily observations
provided information used to determine adult
preoviposition, oviposition and total preoviposition pe-
riods of C. carnea, daily and total egg amounts left by
females during the oviposition period, and the life ex-
pectancy of male and female individuals.

After daily observations during the trial period, jars
were changed. Using data obtained about the develop-
ment and reproduction of C. carnea, life table parame-
ters were obtained. These parameters linked to age and
period were calculated with the age stage two sex
lifetables method (Chi 1988; Chi and Yuan 2005).

Predation rate of Chrysoperla carnea

The numbers of prey given to predators in each period
under the conditions of being more than could be con-
sumed was determined in preliminary trials. Thus, 15,
30, 45 aphids were given each day, respectively, to the
first, second and third larval period of the predator. The
third instar nymphs of P. juglandicolawere given to the
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predator. Trials to determine the daily predation rate
based on the age stage two sex life table, and
C. carnea’s life table trials were conducted together.
Daily observations about the number of aphids con-
sumed by C. carnea were recorded. Observations con-
tinued until C. carnea reached the adult period.

Life table analysis

Based on our data related to development and re-
production of predators during trials, lifetable pa-
rameters were calculated. In order to obtain these
parameters, two sex life tables linked to age and
stage were used (Chi and Liu 1985; Chi 1988; Chi
and Yuan 2005). Additionally, data analysis was
performed with the TWOSEX–MSChart developed
by Chi (2020). In order to calculate standard errors
and variances of the biological parameters and pop-
ulation parameters, the bootstrap technique was
used (Huang and Chi 2012). We used 100,000
bootstraps (Polat-Akköprü et al., 2015). The net
reproduction rate (R0) is the total amount of all
lxmx (in which lx is the age-specific survival rate,
mx is age-specific fecundity) and was calculated as

R0 ¼ ∑
∞

x¼0
lxmx ð1Þ

The intrinsic rate of increase (r) was estimated ac-
cording to the Euler – Lotka formula:

∑
∞

x¼0
e−r xþ1ð Þlxmx ¼ 1 ð2Þ

with age indexed from 0 by using the iterative bisec-
tion method (Goodman 1982, Chi 1988).

The finite rate of increase (λ) was calculated as

λ ¼ er ð3Þ
The mean generation time (T) is the time required for

a population to increase to R0 times of its size as the
stable age distribution is reached. It was calculated as

T ¼ 1nR0ð Þ=r ð4Þ

The life expectancy is the expected period of life
duration for an individual of x age and in j stage, and
it was calculated as

exj ¼ ∑
∞

i¼x
∑
k

y¼ j
s
0
iy ð5Þ

Where is the probability that individuals of age x and
stage j will survive to age i and stage y and, is calculated
by assuming s′ix = 1.

The age-stage-specific reproductive value (vxj) were
calculated according to Tuan et al. (2014) as

vxj ¼ er xþ1ð Þ

sxj
∑
∞

i¼x
e−r iþ1ð Þ ∑

k

y¼ j
s
0
iy f iy ð6Þ

Where is the fecundity (fxj) the number of eggs laid
by female adult at age x.

Predation rate analysis based on age-stage, two-sex life
table

To determine the predation rate, The raw data for pro-
portion of aphid numbers consumed by predators in
each stage were analyzed with the computer program
CONSUME-MSChart (Chi 2020a) The age-specific
predation rate (kx) is defined as the average number of
prey consumed by the predator at age x and was calcu-
lated as;

kx ¼
∑
δ

j¼1
sxjcxj

∑
δ

j¼1
sxj

ð7Þ

where Cxj is the age-stage-specific predation rate of
individuals C. carnea at age x and stage j. The age-
specific net predation rate (qx) is the number of prey
consumed by C. carnea at age x, and was calculated as;

qx ¼ kxlx ð8Þ

qx ¼ ∑
β

j¼1
SxjCxj ð9Þ

The net predation rate‘C0’ is the average number of
prey consumed by an individual during their life span

219Phytoparasitica (2021) 49:217–228



including individuals that died in the preadult stages and
adults of both sexes, also defined as the predatory ca-
pacity of the predatory population

C0 ¼ ∑
∞

x¼0
qx ¼ ∑

∞

x¼0
kxlx ¼ ∑

∞

x¼0
∑
m

j¼1
sxjcxj ð10Þ

Qp, is the number of prey required by a predatory to
grow a generation, and the ratio (Qp) was calculated as:

Qp ¼
C0

R0
ð11Þ

Finite predation rate (ω) is used to compare the
predation capacity of a predator and was calculated as:

ω ¼ λψ ¼ λ ∑
∞

x¼0
∑
m

j¼1
axjcxj ð12Þ

where λ is the finite rate of the predator population; ψ
is the stable predation rate; axj is the rate of individuals at
to age x and stage j; Cxj is the age-stage specific preda-
tion rate.

We used the same bootstrap samples in order to
provide linking between the life table and pradation rate.
The Bootstrap method is available in both TWOSEX
and CONSUME programs.

Population and predation projection of C. carnea

The life table and predation rate data from the earlier
studies were used to Population and Predation projec-
tion of C. carnea and their uncertainties using the pro-
gram TIMING (Chi, 2020b). The population projection
and predation projection at time t was calculated by
according to Chi (1990) and Huang (2018). Population
projection; The newly laid ten eggs as the initial popu-
lation were used to population development for 60 days.

Predation projection; different simulations were
made to close the gap in predation capacity during the
period when the predator did not consume prey (egg,
pupa and adult). In the initial release simulation, 10 eggs
(2 d) of C. carnea were used as the starting population.
In the second release simulation, a second release was
made 10 days after the first release with the same pop-
ulation structure. In the last simulation, the population
structure was changed to15 eggs (2 d) and a second
release was made 10 days after the first release.

The variability of population growth and predation
was projected according to Huang et al. (2018) by using
the life tables representing the 0.025th and 0.975th
percentiles of the bootstrap results of the finite rate of
increase.

Results

Development time and mortality of Chrysoperla carnea

Developmental time for egg stage was four days and for
the f1st, 2nd and 3rd larval instar 3.4, 3.56 and 3.75 days
respectivelly, and the longest development period being
9.58 days for the pupal period. The total preadult stage
development time for the predator was determined as
24.46 days. The mortality rates total preadult observed
as 27% (Table 1).

The age-stage survival rate (sxj) shows the prob-
ability that a newly hatched individual will survive
to age x and stage j (Fig. 1a). Because the variable
developmental rates found among individuals were
included in the age-stage, two-sex life table, the
overlaps between different stages could be observed
in Fig. 1a. The survival probability of a newly laid
C. carnea egg to adulthood was 0.24 and 0.48 for
females and males, respectively. As the survival

Table 1 Duration (mean ± SE) of each developmental stage, total
preadult, adult duration, total longevities and mortality rates of
C. carnea fed with C. juglandicola

Stage n Mean ± SE

Egg (d) 33 4.00 ± 0.00

First instar (d) 30 3.47 ± 0.09

Second instar(d) 27 3.56 ± 0.11

Third instar (d) 24 3.75 ± 0.14

Pupa (d) 24 9.58 ± 0.12

Preadult (d) 24 24.46 ± 0.31

Adult (d) 24 63.17 ± 2.82

Total longevity (male) (d) 16 84.9 ± 4.06

Total longevity (female) (d) 8 93.0 ± 1.74

Preadult mortality rate 24 0.27 ± 0.07

Male mortality rate 16 0.48 ± 0.08

Female mortality rate 8 0.24 ± 0.07

Standard errors were estimated by using the bootstrap technique
with 100,000 resampling
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curve for female predators fed only wi th
C. juglandicola remained horizontal, the period
without deaths was identified between the 29th and
86th days (Fig. 1a).

Reproduction and population parameters
of Chrysoperla carnea

Based on the analyses, the fecundity rate was calculated
as 257.75 eggs/female days. The adult preoviposition
period (APOP) was eight days, and the total
preoviposition period (TPOP) was 33.0 days for
C. carnea fed withC. juglandicola. From the population
parameters, r was 0.072 days−1, R0 was 62.484

eggs/generation, λ was 1.075 days−1, and T was
57.16 days (Table 2).

The age specific survival rate (lx), age-specific fecun-
dity (mx), and age-specific maternity (lxmx) of C. carnea
are shown in Fig. 1b. Age-specific fecundity (mx) and
age specific fertility for total population for C. carnea
fed with C. juglandicola was determined to be 3.25
offspring (Fig. 1b).

The mean life expectancy for a newly put one-day
C. carnea egg until death was 66.72 days with the life
expectancy for a one-day old larva determined to be
62.72 days (Fig. 2a). The life expectancy of females
(70.29 days) was identified to be longer than that of
males (63.24 days).

The reproductive value (vxj) indicates the additive
features of a C. carnea of x age and j stage to the next
population. Completing the preadult stage development
stage, occurrence of females and beginning of reproduc-
tion significantly increased the reproductive value. The
highest value of the reproductive value curve shows the
highest contribution a female can make to a population.
Females of C. carnea fed with C. juglandicola first
reach adult on the 21st day. Contrary to this, the repro-
ductive value reached highest levels on the 54th day
(v54 = 84.34). Due to the reduction in reproduction as
females begin to age, a reduction occurs in the repro-
ductive value curve. The survival curve for female
C. carnea ends at the 101st day with the fertility curve
reaching zero on the 91st day. In parallel with this result,
the reproductive value curve for females appears to have
ended on the 91st day (Fig. 2b).

Fig. 1 a. Age-stage specific survival rate, b. The age-specific survival rate (lx), fecundity (mx), maternity (lxmx) of Chrysoperla carnea fed
on Chromaphis juglandicola

Table 2 Reproduction and population parameters of C. carnea
fed with C. juglandicola

Parameters C. carnea

Fecundity (eggs/female) 257.7 ± 11.78

(APOP) (d) 8.00 ± 0.6746

(TPOP) (d) 33.00 ± 0.650

Oviposition days 43.37 ± 1.640

r (d−1) 0.072 ± 0.007

λ (d−1) 1.075 ± 0.007

R0 (offspring) 62.48 ± 19.42

T (d) 57.16 ± 1.152

Standard errors were estimated by using the bootstrap technique
with 100,000 resampling
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Population projection of Chrysoperla carnea

Population projection was used to predict stage structure
and growth trends in the future of C. carnea popula-
tions. The population projection demonstrated that the
growth of the C. carnea was 265 individuals after
60 days, and there were 77 eggs, 48 larva 1, 40 larva
2, 39 larva 3, 38 Pupa, 7 females and 15 males (Fig. 3a).
In the original cohort, it was seen that the total popula-
tion would reach about 264 individuals after 60 days
(Fig. 3b). Our results showed that the variability could
range from 116 to 408.

Predation rate for Chrysoperla carnea

The mean numbers consumed by C. carnea feeding on
only C. juglandicola in the first, second, and third larval
periods were determined as 32.97, 75.19, and 140.75,
respectively. The net predation rate (C0) indicated that
the average number of C. juglandicola eaten by per
individual of C. carnea during its lifespan was 212.9.
The transformation rate (Qp) was 3.41. The value of
stable predation rate (ψ) was 8.21. The finite predation
rate (ω) of C. carnea was 8.83 (Table 3).

The predation rate (Cxj) of C. carnea feeding on
C. juglandicola is shown in Fig. 4a. The non-
predatory stages created two gaps in predation capacity,
such as eggs, pupae, and adults.

Age-specific predation rate (kx) and age-specific net
predation rate (qx) are shown for C. carnea feeding on
C. juglandicola (Fig. 4b). kx gives the average number

of aphids eaten by C. carnea of age x. qx gives the
weighted number of aphids eaten by C. carnea of age
x. As C. carnea feed with aphids only in the larval
period, the increase in kx and qx were linked to lx until
adult period with a stepwise reduction beginning from
the larval period in the transition to the adult period.
There were three gaps in the curves for kx and qx. The
reason for these gaps was lack of consumption in the
egg, pupal, and adult stages.

Predation projection of Chrysoperla carnea

The population growth and predation capacity of
C. carnea was projected in a way similar to that used
in Chi (1990), Huang and Chi (2012) and Yu et al.
(2013a, b). The predation capacity linked to population
growth of larva and adult obtained from 10 eggs at
2 days old of C. carnea was compared and is shown in
Fig. 5.

The appearance of larvae causes an increase in pre-
dation capacity linked to the amount of aphids con-
sumed on the second day. Due to some larvae
transitioning to the pupal period, and all changing period
by the sixteenth day, predation capacity begins to de-
cline and causes formation of gaps at the locations
marked. When adults begin to emerge from pupae
(adults do not consume aphids), these adults contribute
to creation of new larvae, and their consumption leads to
another increase in predation capacity (Fig. 5a).

As C. carnea do not feed on aphids in the pupal and
adult periods, extra releases of the predator are needed to

Fig. 2 a. The age-stage specific life expectancy (exj), b. The age-stage specific reproductive value (vxj) of Chrysoperla carnea fed on
Chromaphis juglandicola
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prevent reductions occurring in consumption capacity in
this time interval. If the second release is changed to the
10th day, the larvae newly emerging from eggs increase
the predation capacity; however, they were determined
not to fill the gap between the 26th and 34th days. It was
observed that adults had emerged, but new larvae had
not formed. Hence, release on the 10th day was deter-
mined not to prevent predation capacity reductions (Fig.
5b).

In order to fill the predation gap, a third release after
10 days of 15 individuals from 2-day eggs was per-
formed. The reduction in consumption capacity was

identified to be less with sufficient numbers of larvae
in the environment at the correct time closing the pre-
dation gap between pupal and adult periods and no time
interval was observed to have formed (Fig. 5c).

The variability is distinctive of population growth. It
was reflected by using life tables from the 2.5th and
97.5th percentiles of the finite rate (Fig. 6). The total
consumption and its variability are illustrated in Fig.6
Eggs, pupae, and adults were in non-prey stages, and
total consumption is reduced when the egg (thin arrow),
pupa stage (thick arrow), and the adult stage (striped
arrow) take longer. In the original cohort, it was seen
that the total consumption would reach about 25,000
individuals after 60 days (Fig. 6b).

Discussion

Chrysoperla carnea fed onwalnut aphids for 24.46 days in
the preadult development period and presented a total
mortality rate of 27%. The total preadult development time
for C. carnea feeding on Schizaphis graminum
(Hemiptera: Aphididae) was determined as 24.60 days
by Khan et al. (2013). Another study by Kasap et al.
(2003) identified the preadult development time for
C. carnea feeding on Aphis pomi (Hemiptera: Aphididae)
as 25.68 days. The development duration obtained in the
study appears to correspond to data in the literature even
though the predator hunted different aphids. A variety of
researchers have stated that the preadult development time
for C. carnea changes is linked to the prey type and larval

Fig. 3 a. Population projection with change of age-stage structure
of C. carnea during population growth., b. Population projection
by using the life tables of the original cohort, the cohorts

constructed based on the 2.5 and 97.5% percentiles of finite rate
(λ). Total population size for the time period 0–60 d

Table 3 Mean predation rates (±SE) of each larval stages, net
predation rate (C0), Stable predation rate (ψ), Finite predation rate
(ω), Transformation rate (Qp) of C. carnea fed with
C. juglandicola

Predation rate (aphids/predator)

Parameters n Mean ± SE

Larval stage First instar 30 32.97 ± 1.44

Second instar 27 75.19 ± 3.58

Third instar 24 140.7 ± 5.77

Total preadult First to Third
instar

33 248.25 ± 8.92

Net predation rate (C0)
(preys/predator)

212.9 ± 14.9

Stable predation rate (ψ) 8.21

Finite predation rate (ω) 8.83

Transformation rate (Qp) 3.41

Standard errors were estimated by using the bootstrap technique
with 100,000 resampling
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nutrition quality (Liu and Chen 2001; Sattar et al. 2011;
Khuhro et al. 2012; Saljoqi et al. 2015; Takalloozadeh
2015; Farrokhi et al. 2017).

The total number of eggs (fecundity) for the predator
fed with C. juglandicola was 257.75 (Table 2). Polat-
Akköprü and Atlıhan (2014) identified total egg

Fig. 4 a. Age – stage specific predation rate (Cxj), b. Age specific predation rates (kx), age-specific net predation rates (qx) of Chrysoperla
carnea fed on Chromaphis juglandicola

Fig. 5 The simulated predation
projection: (a) first release
simulation; (b) second releases
simulation (with the same
population structure on the 10th
day); (c) last release simulation
(the second release; with 15 eggs
on the 10th day)
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numbers as 170.43 when fed with P. juglandis. In the
other study with the same prey and pradator,
Yarımbatman and Atlıhan (2008) identified the fecun-
dity as 117.50 at 23 °C and 244.92 at 28 °C for
C. carnea feeding on P. juglandis. The prey we use in
our study and the prey used in the literature are the
aphids that share the same walnut leaf. The results of
fecundity stated is lower than that of our. Kasap et al.
(2003) determined the fecundity put was 641.28 by
C. carnea feeding on Aphis pomi while The fecundity
laid by the polyphagous predator C. carnea appears to
vary and may be linked to food and temperature
differences.

Age-specific fecundity (mx), is a term equivalent to
fertility (productivity) and yields the number of females
produced by females of x age in unit time. In other
words, the expected generation numbers are produced
by every female during every age interval of life (Sharov
2012). Yu et al. (2013a, b) stated the maximum fertility
value (mx) was 1.28 eggs for Chrysopa pallens
(Neuroptera: Chrysopidae) fed with Aphis craccivora
(Hemiptera: Aphididae) The total number of eggs left by
C. pallens fed with A. craccivora (660.7) was much
higher than the total number of eggs determined in our
study (170.43) (Table 2), which is considered to be due
to the differences in the selection of predator and prey
species. Jafari and Bazgir (2015) stated that prey size is
an important factor in predator selection.

The finite and intrinsic rates of increase are the most
convenient instruments for characterizing the growth

potential of predators. Polat-Akköprü and Atlıhan
(2014) worked on predation rate and two-sex life table
of C. carnea fed on Panaphis juglandis, and they deter-
mined that the intrinsic rate of increase (r), the finite rate
of increase (λ), the net reproductive rate (R0), and the
mean generation time (T) of were 0.103 d−1, 1.108 d−1,
59.91 offsprings and 39.72 days respectively. The same
researchers in another study (Polat-Akköprü and
Atlıhan, 2016) identified r, R0, λ, and T as 0.114 d−1,
122.5 days, 1.119 d−1 and 40.48 days for Chrysoperla
carnea fed with Myzus persicae (Hemiptera:
Aphididae); Kasap et al. (2003) determined r as 0.138,
R0 as 155.7, and T as 36.7 days for C. carnea fed with
Aphis pomi. In terms of R0, r, and T, there appear to be
differences between the literature and our study results.
These differences are considered to be due to differences
in the type of prey fed to the predators. There are many
studies indicating that differences in population growth
parameters stem from food quality (Bouras and
Papadoulis 2005; Momen and Abdel-Khalek 2008).

The life expectancy data in our study differ from that
described in the literature. It is known that nutritional
variety has different effects on the life expectancy of
natural predators. For example, Jokar and Zarabi (2012)
determined the mean life expectancy of a newly laid one-
day egg of C. carnea fed on S.graminum as 24.05 days.
Yu et al. (2013a) found that the mean life expectancy for a
newly laid one-day egg of C. pallens feeding on
A. craccivora to be 49 days, with the life expectancy
78 days for C. pallens females. The life expectancy, exj,

Fig. 6 Population predation projected by using the life tables and
predation rate of the original cohort, the cohorts constructed based
on the 2.5 and 97.5% percentiles of finite rate (λ). Total consump-
tion for the time period 0–60 d. (a) Total consumption for the time

period 0–30 d. (b) Total consumption for the time period 30–60 d.
Thin arrow shows the cohort contains mainly eggs, thick arrow
shows the cohort contains mainly.pupae and striped arrow shows
the cohort contains mainly adults
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obtained using age stage two-sex life tables shows the
differences between individuals of the same age and dif-
ferences between sexes and periods. As the study was
performed in climate-controlled cabins, negative effects
due to natural conditions (climate factors, natural predators,
competition among others) were prevented. Thus, the
aging of the pest reduced the mean life expectancy in
different stages (Fig. 2a).

The reproductive value is a significant factor in man-
agement programs. The reproductive value of a new-
born of C. carnea feeding on C. juglandicola and finite
rate of increase (λ) of the population was found to be
1.070 (Fig. 2b). Yu et al. (2013b) reported that the
reproductive value of a newborn of C. pallens feeding
on A. craccivora was 1.134 and the finite rate of in-
crease value was equal to that value.

In this study, the future status of the natural enemy
population was tried to be revealed with the 60-day
population projection based on the age-stage, two-sex
life table(Fig. 3a). The variability range of C. carnea’s
population growth was simulated, with a high level of
variability in natural enemy populations(Fig. 3b).

Results demonstrated that C. carnea fed on
C. juglandicola nymphs had the highest predation ca-
pacity in the third larval period compared to other pe-
riods (Table 3.) Most researchers have reported that the
predation rate of preadult stages of C. carnea generally
increase with age and period structure (Klingen et al.
1996; Silva et al. 2002; Huang and Enkegaard 2010;
Bailey et al. 2011; Khan et al. 2013; Yu et al., 2013a;
Polat-Akköprü and Atlıhan, 2014;).

In the present study, the net predation rate (C0) was
212.9 aphids (Table 3.). Polat-Akköprü and Atlıhan
(2014) stated that the net predation rate of the predator
was 143.94 aphids of C. carnea fed with Panaphis
juglandis. The results of the net predation rate men-
tioned is lower than that of our. Polat-Akköprü and
Atlıhan (2016) also reported the net predation rate (C0)
of C. carnea fed on Myzus persicae as 324.67 aphids.
However, Khan et al. (2013) studied predatory potential
ofC. carnea fed on Schizaphis graminum and the results
showed that the larvae consumed 414.6 aphids. The
results stated is higher than that of our, the mismatch
with literature may be attributed to the different prey
used in the experiments.The transformation rate (Qp) of
C. juglandicola that a C. carnea needs to produce a
single live egg is 3.41 (Table 3), that is, about three
C. juglandicola are needed for production of aC. carnea
egg.

Biological control is a slow process, it takes
time for biological agents to suppress the pest, In
the period required until natural enemies control
pest population, the pests may be present in intol-
erable populations (Kok, 1999). Reasons such as
being sensitive to environmental conditions, and
biological periods not compatible with pest cause
fluctuations in pest populations (Reichelderfer,
1980; Van Emden and Service, 2004.).

Yu et al. (2013b) reported that predation capacity of
predators were reset during their biological periods that
could not be fed with prey and pest populations
increased. Chi (1990) and Yu et al. (2013b) showed
with population estimations based on age-stage two
sex life tables variations in period structure of insects
during population growth and predation capacity. We
have simulated the population growth and predation
capacity of the predator in order to prevent pest
population increases that will occur in nature during
these periods. In the projection we made, we
determined that the predation gap was closed with a
third release made from 15 eggs of 2 days, 10 days
after the second release. In another study on this
subject, Yu et al. (2013b) compared the population
estimation of C. pallens for 3-day old larvae from 10
eggs and adults for population growth and predation
capacities. When they changed the date of the second
release to the 10th day, they reported that the time
interval did not occur and there was no reduction in
predation capacity.

Survival rates, times of developmental stages, stage
differentiation, fecundity, and population parameters of
C. carnea fed on C. juglandicola were determined.
Predation rates linked to life tables were detected. Fur-
thermore, by collating all of the resulting data, the
population projection based on the age-stage was creat-
ed. The results obtained in this study provide useful
knowledge for the use of C. carnea as an important
control agent in biological management studies in the
walnut orchards and other insect pest species. The use of
the age-stage, two-sex life table is recommended on a
large scale for studies that concern integrated pest man-
agement and biological control, and in all related re-
search areas.
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