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Abstract

Demographic statistics for the ladybeetle Scymmnus syriacus Marseul (Coleoptera: Coccinellidae) were
investigated when reared on the green citrus aphid, Aphis spiraecola Patch (Homoptera: Aphididae), fed on
two host plants: spirea (Spirea sp.) and Thompson orange (Citrus sinensis cv. Thompson) under laboratory
conditions (25 = 1°C, 65 = 5% relative humidity and 16 h light : 8 h dark). Mean developmental times
from egg to adult were 20.32 = 0.18 and 22.07 =+ 0.15 days for spirea and Thompson orange, respectively.
The survival rate from egg to adult was higher for spirea (85%) than for Thompson orange (72.5%). The
oviposition periods were 41.8 * 2.47 and 39.71 = 2.6 days and the total number of eggs per female were
657.6 = 29.5 and 587.9 = 32.6 on spirea and Thompson orange, respectively. Fertility life tables were also
constructed to compare the effects of host plants. The intrinsic rate of increase (7,,) on spirea was higher than
that on Thompson orange. Jackknife estimates of r,, varied from 0.149 on spirea to 0.133 on Thompson
orange. The mean population generation times on these host plants were 38.16 and 40.65 days, respectively.
These results indicate that spirea-fed A. spiraecola is more suitable for S. syriacus, producing a higher
survival rate and shorter developmental time.
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INTRODUCTION

The spirea (green citrus) aphid, Aphis spiraecola Patch,
is a polyphagous species with a worldwide distribution.
It is a pest of citrus (Cole 1925; Miller 1929; Yokomi &
Tang 1995) and ornamentals (Blackman & Eastop
2000), and is a vector of the citrus tristeza virus (Yokomi
& Garnsey 1987; Tsai & Wang 2001). When young
shoots are fed upon by this aphid, foliage distortion
often results, and the honeydew secreted by aphids not
only promotes growth of sooty mold (Cole 1925; Miller
1929), but also attracts ants, which deter the natural
enemies of aphids, resulting in additional pest damage
(Yokomi & Tang 1995).
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Plant species differ greatly with respect to their suit-
ability as host plants; a plant’s nutritional value, second-
ary metabolites, and architectural characteristics can all
influence the fecundity, population growth and survival
of herbivorous insects (Slansky & Feeny 1977; Norris &
Kogan 1980; Montllor 1991; Rutledge & O’Neil 20035).
Some plant species protect themselves from herbivorous
insects by producing a variety of secondary metabolites
(Nielsen 1978; Isman & Duffey 1982). Having a low
nutritional value can also act as a defense against her-
bivory and decrease the herbivore’s fecundity or increase
its developmental time (Michaud 1999). The natures of
both the host plant and prey species influence how
natural enemies search, thus the quality of their dietary
resources influences their biology (Dixon & Russell
1972; Price et al. 1980; Carter etal. 1984; Coll &
Ridgeway 1995).

The ladybeetle Scymnus syriacus Marseul is a success-
ful predator, with a proven ability to dramatically
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reduce the size of green citrus aphid populations. This
predator has been reported from various parts of Iran,
where it is important in green citrus aphid control
(Rezvani et al. 1994; Emami 1996). Natural enemies of
phytophagous insects function and develop in mul-
titrophic systems (Price et al. 1980). Thus, their behav-
ior and physiology, which determine their fitness, are
influenced by both the plant (first trophic level) and the
phytophagous host (second trophic level) (Vinson 1976;
Takabayashi efal. 1991). Some herbivorous insects
protect themselves against general predators by accumu-
lating toxic substances in their bodies (Evans & Schmidt
1990; Fukunaga & Akimoto 2007); aphids have also
been shown to assimilate secondary compounds from
their host plants to produce substances which are toxic
to predators. For example, larvae of the ladybeetle Har-
monia axyridis Pallas suffer high mortality and lower
growth rate when fed with the aphid Awulacorthum
magnoliae Essig et Kuwana associated with elder, Sam-
bucus sieboldiana Schwer (Fukunaga & Akimoto 2007).
Okamoto (1978) found that H. axyridis larvae com-
pletely failed to develop when they were fed with Aphis
craccivora Koch. The extent to which aphids are toxic to
predators will change depending on seasonal factors and
which part of the host plant the aphid colonizes (Takeda
et al. 1964; Bristow 1991; Francis et al. 2000, 2001).

The cohort life table gives the most comprehensive
description of the survivorship, development and repro-
duction of a population and, as such, is fundamental to
both theoretical and applied population ecology. Collec-
tion of life table data for relevant species of different
trophic levels in a food chain is a basic and important
task for conservation (Bevill & Louda 1999; Gabre et al.
2005) and pest management (Naranjo 2001). Estimat-
ing the growth parameters and reproduction potential of
an insect population are essential requirements in their
study. A fertility life table describes the potential repro-
duction capacities of females at different times and is
created by following the survival of a cohort born at the
same time and recording survival and death until all
members of the cohort have died. Such life tables can be
used to describe the developmental times and survival
rates of each growth stage and to predict the size
of a population (Carey 1993; Medeiros et al. 2000;
Southwood & Henderson 2000).

The intrinsic rate of increase (r,) summarizes the
physiological qualities of an animal relative to its capac-
ity to increase (Andrewartha & Birch 1954). The intrin-
sic rate of increase is also useful to estimate the
population growth potential of insects and mites, which
may help predict the outcomes of pest-natural enemy
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interactions (Roy et al. 2003). Comparisons of intrinsic
rates of increase often provide considerable insight
beyond what is available from independent analysis
of several life history parameters (Petitt et al. 1994).
Although the components of 7, are affected by a large
number of factors, there is a close and positive associa-
tion between the mean relative growth rate and 7,
(Guldemond et al. 1998). The mean relative growth rate
is mainly determined by food quality; if 7,, values are to
be used effectively, levels of confidence must be assigned
to the observed differences. However, without variance
information, it is difficult to interpret estimates (Petitt
et al. 1994). The use of jackknife techniques to estimate
the variance of 7, enables us to test the statistical
significance of 7,, values.

The purpose of this study was to examine the effect of
two host plants on the biology and life table parameters
of S. syriacus under laboratory conditions.

MATERIALS AND METHODS

Plants and insects

Two host plants commonly found in the north of Iran
(Guilan province) were used in this study. These were:
Spirea sp. and Thompson orange. Plants were main-
tained in a greenhouse in pots (220 mm x 230 mm).
Fertilizers (12:8:6 N : P :K) were added to the pots,
which were watered as required.

A stock culture of spirea aphids originating from
citrus trees in the greenhouse of Ramsar Citrus Research
Center was used. The aphids were maintained on two
potted Thompson oranges (Rutaceae) in an insect-
rearing room at 25 = 1°C, 65 * 5% relative humidity
and a photoperiod of 16 h light: 8 h dark. After a
month of rearing, the resulting colonies were transferred
to potted spirea (Rosaceae) and Thompson orange and
reared for 2 months. The ladybeetle predators used in
this study were collected from spirea shrubs and cul-
tured for a generation on aphids fed on potted spirea
and Thompson orange host plants (as described above).

Development time and survival rate of
immature stages

The biology of S. syriacus was studied using eggs pro-
duced by the first generation adults of a stock culture on
each host plant. Spirea and Thompson orange leaves
bearing Aphis spiraecola were inserted in a cotton wool
ball for moisture and placed in Petri dishes. Petri dishes
were 80 mm in diameter and had a hole (15 mm in
diameter) in the center of the lid, which was covered
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with muslin for aeration. This experiment was per-
formed on each host plant using 40 eggs (0-24 h old).
These eggs were placed separately on each host plant
leaf. After the eggs hatched, the larvae were fed on
aphids and were observed daily to record different larval
instars (i.e. through exuviae), mortality and the survival
of immature stages. The leaves bearing aphids were
replaced daily, except for during the pupal stage of the
ladybeetle. Fine brushes were used to move insects onto
fresh leaves.

Longevity and fecundity

To study the preoviposition, oviposition and postovipo-
sition periods, and the longevity and fecundity of S.
syriacus, ten pairs of 24-h-old adults were reared on each
host plant separately. Then each pair was placed in a Petri
dish containing host plant leaves (as described above) and
was provided with 40-50 aphids every day. Petri dishes
were observed daily to record longevity, fecundity and
other events in the lives of the adult beetles.

Statistical analysis

Data analysis with respect to development, longevity
and fecundity was performed using the #-test with SAS
software.

Ratio of females

Sex ratios were calculated using the method of Maia
et al. (2000).

Immature stages survivorship

The percentage of offspring that survived until adult-
hood (SURV), also known as pre-imaginal survivorship,
was calculated by dividing the number of insects alive
until adulthood (NA) by the number of eggs taken from
each group (Ng):

SURV = NA/Ng

Calculation of parameters

Population growth parameters were calculated using the
method of Carey (1993). The jackknife method pro-
posed by Meyer et al. (1986) was used to estimate the
variance for 7,,. Population growth rates were calculated
using the methods of Andrewartha and Birch (1954)
and Southwood (1976):

1= e ™lx.m,

where x is age in days, 7 is the intrinsic rate of increase,
I, is age-specific survival, and 1, is age-specific number
of female offspring.
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Uncertainty associated with
parameter estimates

After 7, was computed for the original data (r.u), the
differences in 7,, values were tested for significance by
estimating the variance using the jackknife method to
facilitate calculation of the standard errors of 7, esti-
mates (Sokal & Rohlf 1995; Meyer et al. 1986). The
jackknife pseudovalue 7; is calculated by omitting data
for the jth individual of the cohort using the following
equation:

r=nXxXty—(n-1)Xr

where 7 is the total number of female individuals used in
the life table analysis, and 7 is the intrinsic rate esti-
mated using data from the remaining 7 — 1 individuals.
The mean values of 7 jackknife pseudovalues and their
standard error were then computed.

Comparisons of parameters between groups

To perform pairwise comparisons between groups,
Student’s i-test for independent samples with different
variances was used.

RESULTS

Development and survivorship of
immature stages

The embryonic developmental time for S. syriacus was
significantly longer on aphids fed on Thompson orange
than on those fed spirea (Table 1). In all immature stages
except for the first larval stage, there were no differences
in the development period on the two host plants, but the
total post-embryonic developmental time (four larval
stages) on Thompson orange was longer than on spirea,
and there were statistical differences between the two
host plants. The fourth larval and pupal periods were
longer than the other stages on both host plants. The total
developmental time (egg to adult) on Thompson orange
was significantly longer than on spirea.

The survival rate of eggs was higher on spirea. In the
immature stages, mortality occurred in the first and
fourth larval stages on spirea and in the first larval and
pre-pupal stages on Thompson orange. The total sur-
vival rate of the immature stages on spirea (85%) was
higher than on Thompson orange (72.5%; Table 2).

The mean durations of the pre-oviposition, oviposi-
tion and post-oviposition periods, and longevity data for
females are given in Table 3. Only the pre-ovipositional
period differed significantly for the two host plants (it
was longer on Thompson orange). The ovipositional
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Table 1 Mean developmental times (days; mean * SE) of Scymnus syriacus on spirea and Thompson orange

First Second Third Fourth Total

larval larval larval larval larval Larva + Egg to
Plant Egg stage instar instar instar instar instar Pupa Pupa adult
Spirea 4.64 = 0* 2.31 =0.08" 1.83 = 0.06* 1.57 = 0.1* 3.15 £0.0° 8.82 =0.1* 5.41* 15.7 = 0.14* 20.32 = 0.18"

Thompson 4.97 = 0" 2.62 = 0.08" 1.97 = 0.07* 1.62 = 0.0 3.31 £ 0.0" 9.51 = 0.1 5.89" 17.03 = 0.15" 22.07 = 0.15"

orange

Means within columns followed by the same letter are not statistically significantly different according to the #-test (P = 0.035).

Table 2 Survival rates (%) of eggs and immature stages of Scymnus syriacus on spirea and Thompson orange

First larval Second larval Third larval Fourth larval Egg to
Host plant Egg instar instar instar instar Prepupa Pupa adult
Spirea 90 97.2 100 100 97.1 100 100 85
Thompson orange 85 94.1 100 100 100 100 90.6 72.5

Table 3 Biological parameters, longevity (days) and fecundity of Scymmnus syriacus on spirea and Thompson orange (mean * SE)

Mating to No. eggs per
Plant Premating  oviposition Preoviposition Oviposition  Postoviposition Longevity female
Spirea 2.7+ 0.15 34+022° 551017 41.8 £2.47° 3.43 £ 0.6° 50.3 £2.9°  657.6 £2°
Thompson orange 2.9 = 0.18* 3.5 = 0.16" 6.1 =0.018> 39.71 + 2.6° 3.6 = 0.4 47.9 = 3.1+ 587.9 = 3°
Means within a column followed by the same letter are not statistically significantly different according to the #-test (P =0.03).
and post-ovipositional periods were longer on spirea, 19 —o— Thompson orange
but the difference was not significant. 1 —+—Spirea
The longevity of females was also shorter on spirea _ o8 ’M"‘“‘W
than on Thompson orange, but the difference was not E 06
statistically significant. Fecundity on spirea was higher, @ 04
with a peak observed on the 31st day from the onset of 02
the egg-laying period. On Thompson orange, the highest 04 . . . o
fecundity was observed on the 32nd day. 0 2 40 60 80
The sex ratio of the ladybeetles’ offspring was close to Age (dayz)

1:1 (51:49, 3> = 0.841; 47.5:52.5, x> = 0.812 on spirea
and Thompson orange, respectively). The survival rates 20 —o—Thompsan orange
of adults on both plants decreased gradually after a peak 15
in egg production (Fig. 1). E

£ 10
Population growth parameters & ;
The demographic parameters calculated using approxi-
mate and iterative methods revealed no differences, thus 0~ '

0 20 40 60 80 100

the jackknife method was deemed to be most appropri-
ate for analysis of the data (Meyer et al. 1986). Net
reproductive rate (R,), intrinsic rate of increase (r,,) and
finite rate of increase (A) were significantly higher on
spirea, and generation time (T) and doubling time (DT)
were significantly higher on Thompson orange. Jackk-
nife estimates, respective standard errors and P-values
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Figure 1 Age-specific survival rate (I,) for pre-adult and adult
stages, and age-specific fertility (m2,) of Scymnus syriacus on
Thompson orange and spirea.
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Table 4 Associated life table estimates for Scymnus syriacus on spirea and Thompson orange

Spirea Thompson orange
True Jackknife True Jackknife (95% CI)
Parameters calculation = SEM  estimate 95% CI calculation = SEM  estimate P
Net reproductive rate 292.24 + 13.61 292.19  (261.39-322.99) 219.006 = 12.43  218.98  (190.85-247.11)
(Ro) (female/female) 0.003255
Intrinsic rate of increase 0.149 = 0.0007 0.149 (0.147-0.150) 0.133 = 0.001 0.133 (0.130-0.135)
(rm) (female/female/ 0.0000001
day)
Finite rate of increase 1.16 = 0.0008 1.16 (1.158-1.162) 1.14 = 0.0012 1.14 (1.139-1.145)
(A)(female/female/day) 0.0000001
Mean generation time (T)  38.16 + 0.39 38.16  (37.28-39.04) 40.65 = 0.45 40.65  (39.63-41.67)
(days) 0.002484
Doubling time (Dt) 4.66 = 0.023 4.66 (4.61-4.71) 5.23 £ 0.41 5.23 (5.1-5.3)
(days) 0.0000012

CI, confidence interval.

are shown in Table 4. The values of parameter b + d as
an index of vital occurrences per capita population
were 13.96 and 7.04 on spirea and Thompson orange,
respectively.

DISCUSSION

Plant species differ greatly in terms of their suitability
as hosts for specific insects when assessed in terms of
insect mortality and reproductive rate. Shorter devel-
opment times and greater total reproduction indicate
that a plant is a suitable host. Although developmental
rates and reproduction provide important clues con-
cerning the ability of the host to support a complete
insect life cycle, these data should be linked to other
parameters (e.g. mortality) before definite conclusions
can be drawn concerning host suitability for reproduc-
tive purposes (Van Lenteren & Noldus 1990). Host
plants sometimes indirectly influence the performances
of predators and parasitoids of phytophagous insects
(Price et al. 1980; Ohgushi 2005). For example, there
is variation in the fatty acid content of the aphid
Acyrtosiphon pisum depending on its host plant, and
this in turn affects the performance of its insect natural
enemies (Giles etal. 2000, 2002). Fukunaga and
Akimoto (2007) found that the aphid A. magnoliae
has the potential to assimilate toxic substances from its
host plants: larvae of the ladybeetle H. axyridis fed
with aphids reared on elder (S. sieboldiana) suffered
significantly higher mortality and grew more slowly.
In the present study, although developmental times
in some preadult stages were similar, significant
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differences were found in total preadult development
time between S. syriacus reared on A. spiraecola fed on
the two host plants. The net reproductive rate and
mean generation time of S. syriacus were found to be
significantly higher for spirea than for Thompson
orange. However, the fecundity curves and survival
rates of S. syriacus on the two host plants were similar.

Survival rate data provides detailed information on
not only survival but also stage transitions. Since it takes
into account variation in developmental rates among
individuals, it is possible to demonstrate stage overlap
during the development of a cohort (Amir-Maafi & Chi
2006). The generation time for S. syriacus on spirea was
similar to that for S. apetzi (~40.7 days) and that on
Thompson orange was similar to that for S. subvillosus
(~38.3 days) (Atlihan & Kaydan 2002), and these values
were higher than those reported for S. huffmanni (~20.5
days) (Kawauchi 1985) and S. marginicollis Mannh
(~22 days) (Buntin & Tamaki 1980). The doubling time
for S. syriacus on spirea was less than that on Thompson
orange, suggesting that spirea is more suitable for an
increase in the predator’s population. However, the
doubling time was the same as has been reported for
S. coccivora (Persad & Khan 2002). Recent studies on
other ladybeetles have also demonstrated that develop-
ment, survivorship and reproduction vary significantly
with the host plant (LeRu & Mitsipa 2002; Vatansever
etal. 2003; Du etal. 2004; Fukunaga & Akimoto
2007). The results of this study indicate that spirea-fed
A. spiraecola are more suitable for S. syriacus than those
fed on Thompson orange, leading to a higher survival
rate and shorter developmental time.
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The intrinsic rate of increase (7,) is a more useful
statistic for comparing the population growth potential
of different species than is Ry (Price 1997). According
to Southwood (1981) and Huffaker eral. (1984),
r-strategists are characterized by a high 7, a large fecun-
dity (large Ro) and short generation time (T). In S. syri-
acus, the finite rate of increase (A) is greater than 1,
suggesting that it is an r-strategist. The value of 7,
obtained here for S. syriacus on spirea was greater than
that for Thompson orange. However, it was similar to
the 7,, value calculated for S. levaillanti (0.151) (Uygan
& Atlihan 2000). The 7,, values for S. frontalis feeding
on Duraphis noxia (Mordvilko), A. pisum (Harris), and
A. graminum were 0.73, 0.65 and 0.63, respectively
(Gibson etal. 1992) and 0.236 for S. huffmanni
(Kawauchi 1985), which are all higher than the 7, cal-
culated for S. syriacus. The values of 7,, for S. apetzi and
S. subvillosus have been reported to be 0.121 and 0.11
when fed on Hyalopterus pruni (Atlihan & Kaydan
2002), which are lower than the corresponding value
obtained in the present study. The life table parameters
obtained in this study for S. syriacus can be used to
estimate the rate of increase of a natural or released
population (El Hag & Zaitoon 1996) and to determine
when to release laboratory-reared coccinellids. The
parameter 7,, is of especial interest because it integrates
the effects of mortality and fertility in a single value
(Kontodimas et al. 2007).

Chi (1990) used life table data to simulate timing of
pest control based on the change of age stage structure
during the growth of a population. The inclusion of
predator and prey age structure is important in under-
standing the predator—prey relationship in biological
control (e.g. Hassell 1978). Chi and Yang (2003) studied
the predation rate of Propylaea japonica based on an
age-stage life table and showed how changes in preda-
tion rate with age and stage could be incorporated into
a life table study. Life table data obtained under labo-
ratory conditions can be used as a basis for simulation
models for field use that include other factors (Gutierrez
1996). Life history parameters need to be determined in
the laboratory, which usually involves rearing insects
under controlled conditions, despite the fact that they
are subjected to more complex and fluctuating condi-
tions in their natural environment. Nevertheless, life
tables remain a very useful tool for evaluating the effec-
tiveness of natural enemies for controlling pests under
various climatic conditions and in different habitats
(Birch 1948; Jervis & Copland 1996). The results of the
current study, in which the life table parameters of S.
syriacus on two different host plants were compared,
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provide useful information that will facilitate more
effective control of A. spiraecola by this ladybeetle.
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