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Abstract

Population growth parameters of the Dysaphis pyri (Boyer de Fonscolombe) (Hemiptera: Aphididae) were eval-

uated on four different cultivars (Coscia, Ankara, Williams, and Santa-Maria) of pear (Pyrus communis L.) under

field conditions in the Van region of Turkey. Aphids were kept on leaves of 10-yr-old pear trees in Plexiglas clip-

cells (20 mm in diameter and 10 mm in height, with the upper side covered with muslin). For the description of

the stage differentiation during population growth, we analyzed raw data of developmental time, survival, and

fecundity using the age-stage, two-sex life table to take the variable developmental rate among individuals into

account. Results indicated that the Coscia and Ankara cultivars are less favorable hosts for D. pyri because of

the longer preadult developmental time, higher preadult mortality rate, and lower total fecundity on these culti-

vars. The intrinsic rate of increase (r), the net reproduction rate (R0), and the finite rate of increase (k) values

were lower on the Coscia and Ankara cultivars. We discussed the application of the Weibull function, polyno-

mial model, and Enkegaard model in life table studies. Because these models are often inaccurate in describing

survival and reproduction parameters, we suggest that their application in life table research should be

reevaluated.
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The Dysaphis pyri (Boyer de Fonscolombe) (Hemiptera: Aphididae)

is an important pest of the pear ecosystems in Turkey, which is a pri-

mary pear-producing country (Anonymous 2012). The aphid occurs

in Europe, North Africa, South-West and Central Asia, including

Nepal, Northern India, and Pakistan, and has been introduced into

the United States (Blackman and Eastop 2000). As an heteroecious

and holocyclic pest, its first two to three spring and early summer

generations cause severe damage to pears before migrating to their

summer hosts (Galium spp.; Blackman and Eastop 2000). Leaves

and shoots of pear trees are yellowed and distorted to form pseudo-

galls. Aphids produce considerable quantities of honeydew, further

affecting growth. In addition, the curled leaves attract the pear psy-

lla (Cacopsylla pyri) (Anonymous 2016). In Turkey, this aphid is

quite common in early summer on the young shoots of local and

standard cultivars of pear. Pesticide applications are required to sup-

press the aphid population in pear orchards in early summer.

The use of pesticides, however, not only disrupts natural biological

control and decreases their potential effectiveness but also causes an

increase in production costs. Since host plants can often affect the

development, survival, and fecundity of insect herbivores (Painter

1951, Garad et al. 1984, Awmack and Leather 2002, Lee 2007)

with their physical, chemical, or biological traits (e.g., size and struc-

ture, nutritional value, secondary compounds, and phenology),

using resistant or less favorable plants is considered to be a major

component of pest management programs. Plant susceptibility to

phytophagous insects can be assessed by their behavioral responses

(host finding, acceptance, and consumption rate), developmental

responses (efficiency of food utilization, developmental rate, and

survivorship), or combination of these processes (Phelan et al.

1995). The population growth rate of a pest species on a given host

plant depends on its developmental responses. These are effectively

measured by using life table data because life table parameters
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reflect the combined effects of survival, development, fecundity, etc.

on the growth of a population. Hence, the life table is an essential

tool for assessing the overall performance of an insect pest on its

host.

No information is currently available on the effects of pear culti-

vars on the population growth of D. pyri. In this study, life table

data (i.e., development, survival, and fecundity) of the D. pyri were

collected on four of the most commonly grown pear cultivars in

Turkey. Although these aphid populations are parthenogenetic, in

order to obtain precise description on the stage differentiation, life

history raw data were analyzed based on the age-stage, two-sex life

table (Atlihan and Chi 2008, Huang and Chi 2012, Polat-Akköprü

et al. 2015). The information obtained from this study will be useful

in future pest management programs developed for pear-producing

agroecosystems.

Materials and Methods

The four cultivars of pear (Pyrus communis L.) used for the experi-

ments were Coscia, Ankara, Williams, and Santa-Maria. Dysaphis

pyri adults were collected from pear trees growing in the experimen-

tal orchard of the Faculty of Agriculture, University of Yuzuncu Yil

in Van, Turkey. Aphids were reared on each pear cultivar for a gen-

eration to eliminate any possible effects from the previous hosts.

Experiments were conducted using leaves from 10-yr-old pear trees

grown in the same experimental orchard. A single adult aphid was

transferred onto each leaf and covered by a Plexiglas clip-cell (20

by 10 mm) with the top and sides covered by muslin. All adult

aphids and newborn nymphs, except one nymph, were removed

from the cells after 24 h. Nymphal development and survival were

observed at daily intervals, with the presence of an exuvium used

as evidence for molting to the next developmental stage. After the

emergence of adults, the reproductive period, longevity, survival,

and reproduction of individuals were observed daily until the

death of all individuals. During the reproductive period, newborn

nymphs were recorded and then removed from the cells. All treat-

ments were conducted during the same time period (June and July,

2010). During the experimental period, the average temperature

was 20.6 C (ranging from 18.9. to 23.1 C), average RH was

45.6% (ranging from 42.7 to 48.6%), and photoperiod was 14:10

(L:D) h.

Data Analysis
Developmental time, survival, and fecundity data were analyzed

based on the age-stage, two-sex life table theory (Chi and Liu 1985)

and the method described by Chi (1988) to take into account the

variable developmental rate that occurs in individuals (Chi and Liu

1985, Chi 1988). Raw data were used to calculate the age-stage-spe-

cific survival rate (sxj, where x¼ age in days and j¼ stage),

age-stage-specific fecundity (fxj), age-specific survival rate (lx), age-

specific fecundity (mx), age-stage life expectancy (exj), age-stage

reproductive value (vxj), and life table parameters (R0, net repro-

ductive rate; r, intrinsic rate of increase; k, finite rate of increase;

and T, the mean generation). In the age-stage, two-sex life table, the

lx, mx, and R0 values are calculated as

lx ¼
Xk

j¼1

sxj (1)

mx ¼

Pk
j¼1

sxjfxj

Pk
j¼1

sxj

(2)

R0 ¼
X1
x¼0

lxmx (3)

where k is the number of stages. The intrinsic rate of increase was

estimated using the iterative bisection method from the Euler-Lotka

formula with age indexed from 0 (Goodman 1982):

X1
x¼0

e�rðxþ1Þlxmx ¼ 1 (4)

The finite rate is calculated as k ¼ er: The mean generation time

is defined as the length of time that a population needs to increase to

R0-fold of its population size at the stable age-stage distribution,

and is calculated as T¼ (ln R0)/r. The life expectancy (exj) is the

length of time that an individual of age x and stage j is expected to

live and it is calculated according to Chi and Su (2006) as

exj ¼
X1
i¼x

Xk

y¼j

s0 iy (5)

Where s0 iy is the probability that individuals of age x and stage j will

survive to age i and stage y and, is calculated by assuming s0xj ¼ 1.

The reproductive value (vxj) was calculated according to Tuan et al.

(2014a, b) and was calculated as

vxj ¼
er xþ1ð Þ

sxj

X1
i¼x

e�r iþ1ð Þ
Xk

y¼j

s0iyfiy (6)

The computer program, TWOSEX-MSChart, was used in this ana-

lysis (Chi 2016). The program was written in Visual BASIC for the

Windows operating system and is available at http://140.120.197.173/

Ecology/Download/Twosex-MSChart.rar. Since simplified method can

cause problems as pointed out by Carter et al. (1978) and Hesterberg

(2008), we used the bootstrap technique (Efron and Tibshirani 1993,

Huang and Chi 2012) with 200,000 resampling to estimate the varian-

ces and standard error of the population parameters. We used the paired

bootstrap method to compare the different treatments. The bootstrap

method is embedded in the computer program TWOSEX-MSChart.

Fitting Survival Rate (lx) and Fecundity (mx) to
Models

The age-specific survival rate (lx) was fitted to the cumulative 2-par-

ameter Weibull distribution (Johnson et al. 1970, Pinder et al. 1978)

using the formula

sx ¼ exp � x

b

� �ch i
(7)

where Sx is the expected survival rate to age x, while b and c are two

parameters that decide the scale and shape, respectively. To ensure a

proper fit, we used both the nonlinear regression in Mathematica

8.0 (Wolfram Research 2011) and Weibull distribution in SigmaPlot

to estimate the parameters b and c.

Enkegaard (1993) introduced following model to fit the age-

specific fecundity:

Fx ¼ ðaþ b � TÞx � e�ðdþ�TÞx (8)

where Fx is the daily age-specific fecundity rate, T is temperature, x

is the age, and a, b, d, and e are constants. For fitting the
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age-specific fecundity at single temperature treatment (i.e., T is also

a constant), (aþb T) and (dþ � T) can be simplified as constants a

and b, respectively. Equation 8 can be simplified as

Fx ¼ ax � e�bx (9)

In Enkegaard (1993), the adult age, i.e., the reproductive age (x)

of newly emerged adult was indexed from zero, was used to fit the

age-specific fecundity to Equation 8. Huang and Chi (2013) pointed

out the problem of constructing life table based on adult age. To

avoid the problem of using adult age, we modified Equation 9 to

index the reproductive age from egg stage as

Fx ¼ aðx� cÞ � e�bðx�cÞ (10)

where c is a parameter of reproductive age.

We also fitted the mx curve to a 4-parameter Weibull function

(Wahed et al. 2009, Almalki and Yuan 2013) using SigmaPlot ver-

sion 12.5 (Systat Software, San Jose, CA) as

M x; x0; a; b; cð Þ¼

0; if x � x0 � b� c� 1

c

� �1

c

a� c� 1

c

� � 1� c

c

� �
�
����� x� x0

b
þ
"

c� 1

c

� �1

c
# c�1ð Þj

� exp f � �����"x� x0

b
þ c� 1

c

� �1

c
#c�����þ c� 1

c
g

8>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>:

(9)

where x0, a, b, and c are model parameters.

Results

The aphid had four nymphal instars, and nymphs were able to com-

plete their development from first instar to adult on all of the pear

cultivars. The means of the developmental times for each nymphal

stage and total preadult developmental period, as well as total im-

mature mortality rates, of D. pyri for each of the four different pear

cultivars are given in Table 1. Significant differences were found for

the first and fourth nymphal stages of the aphids reared on the dif-

ferent cultivars; the duration of both of the stages was the shortest

on Williams, while the duration of the first stage was the longest on

Ankara and the longest fourth stage was on Coscia (Table 1). Total

immature developmental times on Coscia and Ankara were similar

and significantly longer than those on the other cultivars tested.

Total preadult mortality was also higher on Coscia (19%) and

Ankara (18%) cultivars than on Santa-Maria (12%), and Williams

(11%) even though the differences were not statistically significant.

Feeding on different pear cultivars did not affect the reproductive

period, but resulted in differences in the total prereproductive period

(TPRP), fecundity, and adult longevity (Table 2). TPRP values

obtained on Coscia and Ankara cultivars were considerably longer

than those on Santa-Maria and Williams. The shortest reproductive

period was on Ankara followed by Coscia, Williams, and Santa-

Maria. Mean total fecundity on Ankara was significantly lower than

that on Santa-Maria. Adults reared on Ankara lived significantly

shorter than those reared on Santa-Maria.

The age-stage-specific survival rate (sxj) is the probability that a

newborn aphid will survive to age x and stage j (Fig. 1). The prob-

ability that a newly emerged nymph will survive to the adult stage

was 0.81, 0.82, 0.88, and 0.89 for Coscia, Ankara, Santa-Maria,

and Williams, respectively. These curves also showed the survivor-

ship and stage differentiation, which is an advantage of using the

age-stage, two-sex life table. The overlapping between stages graph-

ically illustrated the variable developmental rate among individuals

(Fig. 1). Adult aphids emerged later and lived the shortest life span

on Ankara. Adults emerged on Coscia, Ankara, Santa-Maria, and

Williams cultivars at age 10, 11, 9, and 9 d, and survived 42, 26, 37,

and 41 d, respectively (Fig. 2).

The mx (the age-specific fecundity of total population) and lxmx

(age-specific maternity) peaks observed in Coscia and Ankara were

similar and were lower than those obtained on Santa-Maria and

Williams (Fig. 2). The lx value is the probability that a newly

emerged nymph will survive to age x and is calculated by pooling all

surviving individuals of different stages. The lx curve is a simplified

version of the curves in Fig. 1.

The age-stage-specific life expectancy (exj) of D. pyri grown on

different pear cultivars is plotted in Fig. 3. The life expectancy is the

time that an individual of age x and stage j is expected to live. The

life expectancy of a newborn nymph (e01) is exactly the same as

the mean longevity. Because this study was conducted entirely in

clip-cells that prevented exposure to the adverse effects of field con-

ditions, the life expectancy decreased gradually with aging.

The age-stage-specific reproductive value (vxj) describes the con-

tribution of an individual aphid of age x and stage j to the future

population. The major peaks in reproductive values of females

reared on Coscia, Ankara, Santa-Maria, and Williams cultivars were

at 13 d (v13¼14.9), 13 d (v13¼14.9), 12 d (v12¼16.4), and 12 d

(v11¼16.2), respectively (Fig. 4). The later and smaller vxj peaks

found on Coccia and Ankara indicates that the D. pyri population

will increase slower on these cultivars, and the number of genera-

tions will be less than that on other cultivars.

The means and standard errors of the population parameters

were estimated by employing the bootstrap technique (Table 3). The

intrinsic rate of increase and finite rate of increase, which showed a

similar trend, were lower, while the mean generation time was lon-

ger on Coscia followed by Ankara. The net reproductive rate was

the lowest on Ankara followed by Coscia; however, differences

among the cultivars tested were not significant.

The parameters obtained by fitting the survival rate (lx) to 2-par-

ameter Weibull distribution, and the fecundity data (mx) to modified

Enkegaard model and 4-parameter Weibull distribution are listed in

Table 4.

Discussion

Because demographic parameters are capable of providing an accur-

ate estimate of the growth rate of an insect pest population, a thor-

ough understanding of these parameters is essential in developing

ecologically sound pest management strategies and programs. It is,

therefore, crucial to accurately calculate these parameters. When

using the age-stage, two-sex life table, data of all individuals, includ-

ing female, male, and those died in the preadult stage, were

included. Thus, it incorporates the variable developmental rate

among individuals and accurately describes the stage differentiation.

In this study, although the subject insects are parthenogenetic, the

use of the age-stage, two-sex life table enables the description of

stage differentiation as shown in Figs. 1, 3, and 4. These features

would not have been observed if the female age-specific life table

were used. Moreover, as the application of jackknife method has

been proved inadequate for life table analysis (Huang and Chi 2012,

Huang and Chi 2013, Yu et al. 2013), we used the bootstrap
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technique with 200,000 resampling to obtain precise estimate of

population parameters. In bootstrapping, the standard errors are

estimated by using the means of all resampling (n ¼200,000).

Because 200,000 bootstraps generated a normal frequency distribu-

tion which is essential for the variance analysis and comparison, the

results of statistical test were not caused by the variation in develop-

mental times due to sample sizes (Polat-Akköprü et al. 2015).

This study was carried out in field conditions. Life table study

under controlled laboratory conditions reveal the biological

potential of the development and fecundity of insect populations. In

natural environments, however, most populations are influenced by

a variety of changing factors like temperature and humidity. Insects

are ectothermic, and their body temperature, development, survival,

fecundity, longevity, and eventually population growth are affected

by their surrounding temperature. Because of fluctuating tempera-

ture in field, population parameters that reflect combined effects of

immature development, survival rate, fecundity, and longevity

under field environments can be different from the constant

Table 1. Developmental time (mean 6 SE) and preadult survival rate of D. pyri reared on four different pear cultivars

Cultivars Duration of developmental stages (d) Preadult survival rate (%)

n First instar Second instar Third instar Forth instar Total preadult

Coscia 42 2.5 6 0.19ab 2.8 6 0.23a 3.1 6 0.18a 4.2 6 0.27a 12.7 6 0.43a 0.81 6 0.09a

Ankara 34 2.8 6 0.16a 2.7 6 0.13a 3.1 6 0.18a 3.9 6 0.18ab 12.6 6 0.29a 0.82 6 0.09a

Santa-Maria 34 2.3 6 0.14ab 2.4 6 0.12a 2.9 6 0.19a 3.7 6 0.16ab 11.3 6 0.32b 0.88 6 0.08a

Williams 36 2.1 6 0.10b 2.8 6 0.17a 3.0 6 0.22a 3.3 6 0.28b 11.1 6 0.30b 0.89 6 0.07a

Means followed by different letters in the same column are significantly different between cultivars determined by using the paired boostrap test. Standard

errors were estimated by using 200,000 bootstraps.

Table 2. The total prereproductive period (TPRP), reproductive period, fecundity, and longevity of D. pyri reared on different pear cultivars

(mean 6 SE)

Cultivars TPRP (d) Reproductive period (d) Fecundity (nymphs/female) Adult longevity (d)

Coscia 14.12 6 0.38a 14.8 6 1.68a 42.1 6 6.63ab 20.6 6 2.01ab

Ankara 13.90 6 0.40a 13.6 6 1.43a 37.4 6 3.78b 18.1 6 1.49b

Santa-Maria 12.50 6 0.39b 17.3 6 1.32a 49.76 4.69a 22.6 6 1.68a

Williams 12.56 6 0.34b 15.9 6 1.71a 49.1 6 6.39ab 20.9 6 2.11ab

Means followed by different letters in the same column are significantly different between cultivars determined by using the paired bootstrap test. Standard

errors were estimated by using 200,000 bootstraps.

Fig. 1. Age-stage survival rate (sxj) of D. pyri on four different pear cultivars.
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laboratory conditions as shown in the studies on population

growth of Sipha flava (Auad et al. 2015), Aphis gossypi

(Hosseini-Tabesh et al. 2015), and A. craccivora (Jalalipour

et al. 2017). These differences show the necessity of collecting

life tables under both constant and fluctuating temperatures. The

life tables under constant temperatures can reveal the growth

potential of insect populations and are repeatable, whereas the

life tables under field condition demonstrate the variability of

population growth and are important information for practical

pest management.

The results obtained in this study revealed that feeding on differ-

ent pear cultivars affected the population growth rate of the D. pyri

Fig. 2. Age-specific survival rate (lx), fecundity (mx), and net maternity (lxmx) of D. pyri on four different pear cultivars.

Fig. 3. The age-stage life expectancy (exj) of D. pyri on four different pear cultivars.
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primarily due to the differences that occurred in the immature devel-

opmental time, survival rate, and fecundity and, consequently, the

differences in the population parameters (r, k, R0, and T). Other

reports on effects of host plants on the population growth of various

species of aphids are in agreement with the results described here

(Ruggle and Gutierrez 1995, Tsai 1998, Tang et al. 1999, Yue and

Liu 2000, Kazemi et al. 2001, €Ozgökçe and Atlihan 2005, Kaydan

et al. 2006, Polat-Akköprü et al. 2015). Host choice and acceptance

by aphids are directly related to morphological, nutritional, and bio-

chemical features of the host plants (Thompson 1988, Bernays and

Chapman 1994, Dixon 1998). Differences in the immature develop-

mental time, survival rate, and fecundity on different pear cultivars

may reflect the suitability of the food substrate, i.e., sap quality and

the proportions of essential nutrients. Because sucking insects will

Fig. 4. Age-stage reproductive value (vxj) of D. pyri on four different pear cultivars.

Table 3. Population parameters (r, intrinsic rate of increase; k, finite rate of increase; R0, net reproductive rate; T, mean generation time) of

D. pyri reared on different pear cultivars (mean 6 SE)

Cultivars r (d-1) k (d-1) R0 (offspring) T (d)

Coscia 0.1760 6 0.0099c 1.1923 6 0.0118c 34.1 6 6.46a 20.1 6 0.59a

Ankara 0.1824 6 0.0099bc 1.2001 6 0.0120bc 30.8 6 4.64a 18.8 6 0.63ab

Santa-Maria 0.2095 6 0.0094a 1.2330 6 0.0116a 43.8 6 5.65a 18.0 6 0.47b

Williams 0.2063 6 0.0073ab 1.2290 6 0.0089ab 43.7 6 6.75a 18.3 6 0.67b

Table 4. Estimated regression parameters of age-specific survival rate curves (lx) (fitted to Weibull frequency distribution) and age-specific

fecundity (mx) (fitted to Weibull-4 parameters model and modified Enkegaard model) for D. pyri reared on different pear cultivars

Model Parameter Coscia Ankara Santa-Maria Williams

Weibull model for age-specific survival rate b 32.552 (0.639) 30.736 (0.513) 34.727 (0.334) 32.517 (0.378)

c 2.673 (0.194) 3.367 (0.254) 4.650 (0.271) 3.146 (0.156)

R2 0.937 0.9555 0.980 0.979

Modified Enkegaard model (ME; for age-specific fecundity) a 2.254 (0.818) 6.868 (1.500) 5.240 (1.185) 2.114 (0.765)

b 10.312 (0.900) 10.409 (0.235) 9.281 (0.314) 8.806 (0.897)

c 0.106 (0.012) 0.163 (0.010) 0.149 (0.010) 0.104 (0.013)

R2 0.4486 0.8245 0.7592 0.4021

Weibull-4 parameters model (for age-specific fecundity) a 2.594 (0.190) 2.982 (0.097) 3.415 (0.213) 3.193 (0.248)

b 19.222 (1.960) 10.886 (0.393) 13.081 (0.927) 18.576 (1.960)

c 1.271 (0.102) 1.428 (0.061) 1.190 (0.109) 1.203 (0.090)

x0 17.657 (1.596) 16.531 (0.400) 14.217 (0.711) 15.222 (1.588)

R2 0.6861 0.9359 0.8742 0.6919
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have impaired reproduction and produce few offspring when fed on

host plant leaves containing low levels of soluble nitrogen, fecundity

is an ideal biological parameter for demonstrating the quality of a

particular host by measuring the reproductive success of the pest in-

sect (Awmack and Leather 2002). A plant reacts to an insect attack

by increasing protein synthesis and gene expression that results in

activation of the plant’s defensive mechanisms (Smith 2005). For ex-

ample, in cultivars that are less suitable for the pest, the attacked

plant may increase production of chlorophyll or protein to over-

come the losses caused by the pest attack, triggering the processes of

resistance (Bernardi et al. 2012).

On the other hand, performance of the aphids may also be

affected by trichome density on the surface of the pears leaves.

Adverse effects due to densities of glandular and nonglandular tri-

chomes on aphids have been reported (Greer and Nielsen 1988,

Severson et al. 1992). It has been indicated that glandular trichomes

produce alkaloids, diterpenes, and sugar esters that are highly effect-

ive against phytophagous insects, including aphids (Thurston et al.

1966, Thurston 1970).

Population parameters, i.e., the intrinsic rate of increase (r),

finite rate of increase (k), and net reproductive rate (R0), are ap-

propriate indicators for measuring the effect of a host plant on

the development, survival, and fecundity of a population. Each

of these parameters was found to be lower on the Coscia and

Ankara cultivars. The lower values on these cultivars were due to

several factors, including extended preadult developmental

times, lower survival rates to adulthood, lower daily rates of

offspring production, and delayed peaks in reproduction. Even a

small reduction in these parameters can ultimately cause consid-

erable change in a pest’s population size (Goundoudaki et al.

2003). Such reductions in the aphid populations caused by resist-

ant or less favorable cultivars may also enhance the effectiveness

of natural enemies in controlling D. pyri populations on pear

trees (Goundoudaki et al. 2003)

According to our results, Coscia and Ankara are less favorable

or more tolerant hosts for development and reproduction of bed-

straw aphids. Slower development and population growth on these

cultivars may allow the pear trees more opportunity to compensate

for damage caused by the aphids and reduce the need for insecticide

applications. Using tolerant varieties, however, may not be enough

to keep the aphid population under the economic threshold, al-

though it may create a less favorable environment for the aphid

population growth rate. The findings obtained from this study

should be taken into consideration when designing integrated man-

agement schemes for controlling D. pyri on pear trees, and can also

be used in population studies to design and evaluate control

strategies.

Fitting observed survival and fecundity data to models has been

widely attempted in some life table research and temperature-

dependent developmental rate. The most widely used function for

the survival curve is the Weibull function (Zahiri et al. 2010). For

the fecundity curve, the Enkegaard model (Enkegaard 1993,

Zahiri et al. 2010), Bieri model (Lanzoni et al. 2004), and polyno-

mial model (Pervez and Omkar 2004) have been used. Weibull

Fig. 5. Observed and fitted curves of lx and mx. The lx curves were fitted to 2-parameter Weibull function. The mx curves were fitted to 4-parameter Weibull func-

tion and modified Enkegaard (ME) model.
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distribution has been widely used in industry, environmental sci-

ence, and biological sciences to describe "time-to-failure" or sur-

vival probability. In industrial applications, the expected values

obtained from Weibull regression are mostly consistent with the

observed values because of the standardized production in indus-

try. The Weibull distribution also fits well with observed data in

human longevity studies as a result of improvements in medical

care, where human mortality is now mainly due to aging. The

Weibull-fitted curves of insect survival rates, however, often show

significant differences. Due to the stage-structured life history that

is characteristic of insects, some stages are more sensitive to vari-

ous mortality factors, while other stages are little, if at all, affected

by the same factors. Because insects are ectothermic organisms,

their stage-specific survival is affected differently by changing tem-

peratures. Therefore, dramatically higher mortalities are often

observed in some stages, while the survival rate declines gradually

in other stages. The Weibull-fitted survival curves often show sig-

nificant deviation from the observed ones for some age durations

where a higher stage-specific mortality has occurred. This stage-

specific higher mortality is not observable in traditional age-

specific life tables, because they ignore stage differentiation and

are not able to precisely describe the stage survival rate (Huang

and Chi 2012).

The original model of Enkegaard (1993) was developed based

on adult age and the preadult duration was ignored. As Lewontin

(1965) demonstrated the importance of the age of first reproduc-

tion, inclusion of the preadult duration is important in fitting age-

specific fecundity curve (mx) and Huang and Chi (2013) pointed

out the problem of constructing life table based on adult age. In

this paper, we modified the Enkegaard model to take the preadult

duration into consideration. However, because the age-specific fe-

cundity mostly showed significant fluctuation or periodic oogen-

esis (i.e., insects laying egg mass or ootheca; Tsai and Chi 2007),

fitting fecundity curve and applying the fitted curve should be

practiced with caution.

Moreover, life table itself is a theory and the survival rate and

fecundity are closely correlated to each other as in the net repro-

ductive rate (equation 3), Euler–Lotka equation (equation 4), and

the reproductive value (equation 6). Fitting only the survival curve

(lx) to the Weibull function or only the fecundity curve (mx) to any

of the above mentioned model should be practiced with caution.

The biological meaning of the fitted function should be critically

examined. As Tuan et al. (2016) pointed out, there may be a prob-

lem with fitting a survival curve to the Weibull distribution. A

similar situation can be seen in Fig. 5, where the fitted curves

could not precisely describe the observed data. If the fitted sur-

vival and fecundity data were used in the simulation, the simu-

lated population size would be wrong, because there was high

mortality during the nympal stage, while the fitted one (Weibull)

would have predicted low mortality in this situation. Because no

solid biological meaning and reasoning have been given to the

parameters of models, such kind of curve fitting should be applied

with caution.

Acknowledgments

We express thanks to Dr. Cecil L. Smith, Arthropod Collection Georgia

Museum of Natural History of University of Georgia (Athens, Georgia

30602, U.S.A.), for reviewing the manuscript. This work was supported by

BAPB (FBE-YTR031), University of Yuzuncu Yil.

References Cited

Almalki, S. J., and J. Yuan. 2013. A new modified Weibull distribution.

Reliab. Eng. Syst. Safety 111: 164–170.

Anonymous 2012. Food and Agriculture Organization of The United Nations,

Countries by commodity pear production (http://faostat.fao.org/site/567/

DesktopDefault.aspx) (accessed 15 October 2016).

Anonymous. 2016. Pear bedstraw aphid-Inra. (http://www7.inra.fr/hyppz/

RAVAGEUR/6dyspyr.htm) (accessed 5 May 2016).

Atlihan, R., and H. Chi. 2008. Temperature-dependent development and dem-

ography of Scymnus subvillosus (Coleoptera: Coccinellidae) reared on

Hyalopterus pruni (Homoptera: Aphididae). J. Econ. Entomol. 101:

325–333.

Auad, A. M., S.E.B. Silva, J. C. Santos, and T. M. Vieira. 2015. Impact of fluc-

tuating and constant temperatures on key life history parameters of Sipha

flava (Hemiptera: Aphididae). Fla. Entomol. 98: 424–429.

Awmack, C. S., and S. R. Leather. 2002. Host plant quality and fecundity in

herbivorous insects. Annu. Rev. Entomol. 47: 817–844.

Bernardi, D., M. S. Garcia, M. Botton, and D. E. Nava. 2012. Biology and fer-

tility life table of the green aphid Chaetosiphon fragaefolli on strawberry

cultivars. J. Insect Sci. 12:

Bernays, E., and R. F. Chapman. 1994. Host-plant selection by phytophagous

insects. Chapman & Hall, New York.

Blackman, R. L., and V. F. Eastop. 2000. Aphids on the World’s Crops: An

identification and information guide. John Wiley & Sons, Chichester.

Carter, N., D. P. Aikman, and A. F. G. Dixon. 1978. An appraisal of Hughes’

time-specific life table analysis for determining aphid reproductive and mor-

tality rates. J. Anim. Ecol. 47: 677–687.

Chi, H. 1988. Life-table analysis incorporating both sexes and variable devel-

opment rates among individuals. Environ. Entomol. 17: 26–34.

Chi, H. 2016. TWOSEX-MSChart: a computer program for the age-stage,

two-sex life table analysis. National Chung Hsing University,

Taichung, Taiwan, (http://140.120.197.173/Ecology/Download/Twosex-

MSChart.zip) (accessed 1 March 2017).

Chi, H., and H. Liu. 1985. Two new methods for the study of insect popula-

tion ecology. Acad. Sin. Bull. Inst. Zool. 24: 225–240.

Chi, H., and H. Y. Su. 2006. Age-stage, two-sex life tables of Aphidius gifuen-

sis (Ashmead) (Hymenoptera: Braconidae) and its host Myzus persicae

(Sulzer) (Homoptera: Aphididae) with mathematical proof of the relation-

ship between female fecundity and the net reproductive rate. Environ.

Entomol. 35: 10–21.

Dixon, A.F.G. 1998. Aphid ecology. 2nd ed. Chapman & Hall, London,

United Kingdom, p. 321.

Efron, B., and R. J. Tibshirani. 1993. An introduction to the bootstrap.

Chapman & 230 Hall, New York, NY.

Enkegaard, A. 1993. The poinsettia strain of the cotton whitefly, Bemisia

tabaci (Homoptera: Aleyrodidae), biological and demographic parameters

on poinsettia (Euphorbia pulcherrima) in relation to temperature. Bull.

Entomol. Res. 83: 535–546.

Garad, G. P., P R Shivpuje, and G. Bilapate. 1984. Life fecundity tables of

Spodoptera litura. Anim. Sci. 93: 29–33.

Goodman, D. 1982. Optimal life histories, optimal notation, and the value of

reproductive value. Am. Nat. 119: 803–823.

Goundoudaki, S., J. A. Tsitsipis, J. T. Margaritopoulos, K. D. Zarpas, and S.

Divanidis. 2003. Performance of the tobacco aphid Myzus persicae

(Hemiptera: Aphididae) on Oriental and Virginia tobacco varieties. Agric.

For. Entomol. 5: 285–291.

Greer, E., and M. T. Nielsen. 1988. Leaf trichomes in tobacco-insect relation-

ships II. Resistance to green peach aphid Myzus persicae Sulzer. Tob. Sci.

32: 66–70.

Hesterberg, T. C. 2008. It’s time to retire the "n>¼ 30" rule. Proceedings of

the American Statistical Association, Statistical Computing Section (CD-

ROM) (http://home.comcast.net/timhesterberg/articles/JSM08-n30.pdf)

Hosseini-Tabesh, B., A. Sahragard, and A. Karimi-Malati. 2015. A laboratory

and field condition comparison of life table parameters of Aphis gossypii

Glover (Hemiptera: Aphididae). J. Plant Prot. Res. 55: 1–7.

Huang, Y. B., and H. Chi. 2012. Assessing the application of the jackknife and

bootstrap techniques to the estimation of the variability of the net

8 Journal of Economic Entomology, 2017, Vol. 0, No. 0

Deleted Text: ) (
Deleted Text: Eq
Deleted Text: -
Deleted Text: Eq. 
Deleted Text: Eq. 
http://faostat.fao.org/site/567/DesktopDefault.aspx
http://faostat.fao.org/site/567/DesktopDefault.aspx
http://www7.inra.fr/hyppz/RAVAGEUR/6dyspyr.htm
http://www7.inra.fr/hyppz/RAVAGEUR/6dyspyr.htm
http://140.120.197.173/Ecology/Download/Twosex-MSChart.zip
http://140.120.197.173/Ecology/Download/Twosex-MSChart.zip
http://home.comcast.net/timhesterberg/articles/JSM08-n30.pdf


reproductive rate and gross reproductive rate: A case study in Bactrocera

cucurbitae (Coquillett) (Diptera: Tephritidae). J. Agric. For. 61: 37–45.

Huang, Y. B., and H. Chi. 2013. Life tables of Bactrocera cucurbitae (Diptera:

Tephritidae): With an invalidation of the jackknife technique. J. Appl.

Entomol. 137: 327–339.

Jalalipour, R., A. Sahragard, K. H. Madahi, and A. Karimi-Malati. 2017.

Comparative life table of Aphis craccivora (Hem.: Aphididae) on host plant,

Robinia pseudoacacia under natural and laboratory conditions. J. Entomol.

Soc. Iran. 36: 249–257.

Johnson, N. L., S. Kotz, and N. Balakrishman. 1970. Continuous univariate

distributions: Distributions in statistics, Vol I. New York, NY.

Kaydan, M. B., R. Atlihan, and S. Toros. 2006. Effects of tobacco varieties on

eidonomy and life table parameters of the aphid species Myzus persicae

(Hemiptera: Aphididae). Entomol. Gen. 29: 61–70.

Kazemi, M. H., P. Talebi-Chaichi, M. R. Shakiba, and M. Mashhadi Jafarloo.

2001. Biological responses of Russian Wheat Aphid, Diuraphis noxia

(Mordvilko) (Homoptera: Aphididae), to different wheat varieties. J. Agric.

Sci. Technol. 3: 249–255.

Lanzoni, A., G. Accinelli, G. G. Bazzocchi, and G. Burgio. 2004. Biological

traits and life table of the exotic Harmonia axyridis compared with

Hippodamia variegata, and Adalia bipunctata (Col., Coccinellidae). J. Appl.

Entomol. 128: 298–306.

Lee, K. P. 2007. The interactive effects of protein quality and macronutrient

imbalance on nutrient balancing in an insect herbivore. J. Exp. Biol. 210:

3236–3244.

Lewontin, R. C. 1965. Selection for colonizing ability, pp. 77–94. In: H. G.

Baker and G. L. Stebbins (eds.), The genetics of colonizing species.

Academic Press, San Diego, CA.
€Ozgökçe, M. S., and R. Atlihan. 2005. Biological features and life table param-

eters of the mealy plum aphid Hyalopterus pruni on different apricot vari-

eties. Phytoparasitica 33: 7–14.

Painter, R. H. 1951. Insect Resistance in Crop Plants. Soil Science. The

Macmillan Co., New York, p. 520.

Pervez, A., and Omkar. 2004. Temperature-dependent life attributes of an

aphidophagous ladybird, Propylea dissecta. Biocont. Sci. Technol. 14:

587–594.

Phelan, P. L., J. F. Mason, and B. R. Stinner. 1995. Soil-fertility management

and host preference by European corn borer, Ostrinia nubilalis (Hübner),
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