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Abstract Scymnus subvillosus (Goeze) (Coleoptera:

Coccinellidae) is an aphidophagous predator present in

the Azores (Portugal), but occurring at low densities.

Scymnus species belong to a poorly known Coccinelli-

dae group of biological control agents. In this study we

aimed to evaluate the suitability of Myzus persicae

(Sulzer), Aphis fabae Scopoli and Melanaphis donacis

(Passerini) (Homoptera: Aphididae) as prey for S.

subvillosus. To achieve this, we determined (i) the

temperature and prey-dependence for development and

survival of the immature stages, (ii) the prey-depen-

dence for reproductive performance at 25 �C and (iii)

the voracity and nutritional physiology of the 4th larval

instar fed on A. fabae. The development time from first

instar larva to adult decreased with increasing temper-

ature, ranging from 61.5 days at 15 �C to 10.4 days at

30 �C. To complete immature development on M.

donacis, the lower development threshold (LDT) was

estimated to be 11.7 �C and the sum of effective

temperatures (SET) to be 196.3 degree-days (DD). At

15 �C, larvae failed to develop when fed on A. fabae or

M. persicae but on M. donacis 22 % of the larvae

survived. We also found that development time of

immature stages was prey-dependent, with M. persicae

being the least suitable prey. The reproductive param-

eters were prey-dependent, with A. fabae and M. donacis

allowing better performance than M. persicae. Twelve-

hour-old 4th instars of S. subvillosus ingested 3.23 mg

of biomass per day corresponding to an average of 10.5

aphids of A. fabae, allowing for a daily mean weight

gain of 0.71 mg. The conversion efficiency and relative

growth rate obtained were approximately 21 and 48 %,

respectively. The results obtained in the present study

suggest that both A. fabae and M. donacis are more

suitable prey for development and reproduction of S.

subvillosus than M. persicae.

Keywords Coccinellidae � Development �
Nutritional physiology � Reproduction

Introduction

Ladybird predators (Coleoptera: Coccinellidae) are

known as important biological control agents,
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especially against aphid populations (Michaud 2012).

Several species are used in biological control under its

various strategies (classical, augmentative, inunda-

tive), in different crops and cultivation systems, either

outdoors or in greenhouses (Hodek and Michaud

2008; Cabral et al. 2009). These predators have been

extensively studied due to their biological, ecological

and behavioral characteristics such as polyphagy, high

voracity and rapid numerical and aggregative response

(Hodek and Honek 1996; Obrycki and Kring 1998;

Dixon 2000).

Among Coccinellidae the small Scymnus species are

poorly known. However, in recent years a substantial

number of studies were performed under the perspective

of their use as biological control agents (Uygun and

Atlihan 2000; Wanntorp 2004; Pluke et al. 2005; Woin

et al. 2006). Compared with larger species, the Scymnus

spp., due to their small size and lower voracity, will be

apparently less competitive and efficient as biological

control agents. However, persisting at low densities of

prey and having high longevities (Tawfik et al. 1973;

Borges et al. 2011; 2013), these small coccinellids may

be able to feed on aphid colonies at earlier and/or later

stages (Agarwala and Yasuda 2001) and for a longer

period of time, which would give them the possibility to

exploit different spatial and temporal niches than the

larger ladybirds.

Scymnus subvillosus (Goeze) is a widely distributed

species, found in twenty seven European countries,

twenty in Asia, eight in North Africa and also present

in the Afrotropical Region (Gourreau 1974; Raimundo

and Alves 1986; Kovář 2007). This aphidophagous

predator is recorded for the Azores Archipelago

(Portugal) (Soares et al. 2003a, 2006), but occurring

at low densities. It has been found exploiting Melana-

phis donacis (Passerini) (Hemiptera: Aphididae) on

Arundo donax L. (Poales: Poaceae). On the Portuguese

mainland, it is common in arboreal agro-ecosystems,

including apple orchards, orange, peach, plum, walnut

and oak, where it exploits Hyalopterus pruni (Geoff-

roy) (Homoptera: Aphididae) (Raimundo and Alves

1986). In Turkey, S. subvillosus is widespread (Atli-

han and Güldal 2009), and it is an important natural

enemy against 15 aphid species (Aslan and Uygun

2005). There it is common in agro-ecosystems and

natural habitats as well, including stone fruits espe-

cially in Prunus spp. orchards, Malus spp., and

Populus spp., on apple, plum, cherry, pine and alder

(Aslan and Uygun 2005).

The temperature and the nutritional quality of prey

are decisive factors in the biological performance of

insect predators, altering for instance the development

time of pre-imaginal stages and reproductive perfor-

mances of adults (e.g., fecundity, fertility), and in this

way contributing to differential population growth

(McCaffrey and Horsburgh 1986; Niijima et al. 1986;

Gibson et al. 1992; Hodek 1993; Mohaghegh et al.

2001; Skirvin and Fenlon 2003; Kontodimas and

Stathas 2005; Michaud 2005; Cabral et al. 2006; Jalali

et al. 2010). The estimation of the biological charac-

teristics of natural enemies, such as time of develop-

ment and the thermal constant may contribute to select

the most appropriate biocontrol agent to be used under

certain environmental conditions (Perdikis and Lyko-

uressis 2002) as well as the best conditions, either

thermal or nutritional, for mass production.

In this study we aimed to access the ecophysiolog-

ical suitability of M. persicae, A. fabae and M. donacis

as prey for S. subvillosus. To achieve this, we

determined (i) the temperature and prey-dependence

for development and survival of the immature stages,

(ii) the prey-dependence for reproductive performance

at 25 �C and (iii) the voracity and nutritional physi-

ology of the 4th instar fed on A. fabae.

Materials and methods

Insects

Scymnus subvillosus adults were collected in the field,

on A. donax, in S. Miguel Island, Azores (Portugal).

The predator was found foraging and reproducing on

M. donacis. We further tested the suitability of two

other important crop pests found in the Azores, Myzus

persicae (Sulzer) and Aphis fabae Scopoli (Homop-

tera: Aphididae). Ladybird adults were reared in the

laboratory at 25 ± 1 �C, 75 ± 5 % RH and a light

regime of 16L:8D under fluorescent lamps. The

predator was fed on a mixed diet of M. persicae and

A. fabae, provided ad libitum, and complemented with

pollen and honey. This diet was maintained only a few

days before starting the experiments. The mixed diet

was provided to avoid food adaptation (Rana et al.

2002) and also to supply a wider group of nutrients.

The prey species were reared on Vicia faba L.

(Fabales: Fabaceae) at 15 ± 1 �C, 75 ± 5 % RH

and a light regime of 16L:8D under fluorescent lamps.
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Temperature and prey-dependence

for development of the immature stages of S.

subvillosus

To determine the effect of temperature and prey on the

development of the immature stages of S. subvillosus,

the development time from egg to adult emergence

was followed by means of 12 experimental treatments,

corresponding to one of the following temperatures,

15, 20, 25 and 30 �C, and prey regimes of A. fabae, M.

donacis or M. persicae (N = 30). Each larva was kept

individually in a plastic box (diameter: 5 cm, height:

3 cm) and was fed once a day ad libitum, with a

mixture of several stages of A. fabae, M. donacis or M.

persicae. In the treatment of 15 �C and due to a high

level of infertility, the eggs were collected from

couples reared at 25 �C. All assays were performed at

75 ± 5 % RH, with a photoperiod of 16L:8D. Imma-

ture stages were observed twice a day (10:00 am and

17:00 pm) to record moulting and adult emergence.

The larval development time and survival were

determined for each diet at each tested temperature.

The lower developmental threshold (LDT) was deter-

mined. The relationship between the inverse of the

development time and the temperature is nearly linear

(Honek and Kocourek 1990). According to this, the

following linear relationship was considered (Mota

et al. 2008):

1=DT ¼ aT þ b

where DT corresponds to the development time of a

pre-imaginal stage, which is inversely proportional to

the temperature (T), and a and b are the regression

parameters. The LDT corresponds to the temperature

where no development occurs, that is -(b/a) from the

above function (Honek and Kocourek 1988).

The sum of effective temperatures (SET) represents

the lower developmental threshold for completion of a

developmental stage (Nedvĕd and Honĕk 2012) and

was calculated according to the model (Mota et al.

2008):

DTx development time at temperature x

LDT lower developmental threshold

The suitability of A. fabae, M. donacis and M.

persicae as prey for S. subvillosus was evaluated by

determining development data such as development

time of immature stages (N = 30), age-specific sur-

vival rate, weight of females upon emergence and

reproductive parameters, e.g., pre-oviposition time,

fecundity and fertility. To evaluate reproductive

performance of adults, eight couples were formed

and reared for 20 days on each prey diet. Each couple

was kept inside a plastic box (diameter: 5 cm, height:

3 cm) and fed ad libitum with A. fabae, M. donacis or

M. persicae. Couples were observed once a day to

obtain data on pre-oviposition time, fecundity and

fertility. All assays were performed in a climate

chamber at 25 ± 1 �C, 75 ± 5 % RH and a light

regime of 16L:8D under fluorescent lamps.

Voracity and nutritional physiology of the 4th

instar of S. subvillosus fed on A. fabae

The larvae used in this experiment were reared

ad libitum with A. fabae under the abiotic conditions

previously described. To determine the daily survival

rate (Sr) of the aphids and weight loss due to

dehydration (PWd), a control test was performed in

which ten aphid females were placed inside a plastic

box (N = 15) for a period of 12 h. The weight of the

aphids was recorded at the beginning and at the end of

the experiment and the number of aphids surviving was

recorded. The test of consumption started with 12 h old

4th instar larvae. Then larvae were subjected to

starvation for a period of 12 h, followed by a 24 h

test in which they were allowed to consume prey.

Because the aphid prey dehydrated considerably over a

24 h period, the predator was provided with ten aphids

at each of two feeding times (8:00 am and 8:00 pm). To

determine the biomass consumption, the aphids were

weighed before and after the 24 h feeding period. The

number of prey consumed was recorded. At the

SET ¼ DT15ð15� LDTÞ½ � þ DT20ð20� LDTÞ½ � þ DT25ð25� LDTÞ½ � þ DT30ð30� LDTÞ½ �
4
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beginning and the end of the test the prey biomass (PW)

and predator larval weight (LW) were also recorded.

Voracity was estimated as the number of prey entirely

or partially eaten (P). The voracity (V), biomass ingested

(BI), relative growth rate (RGR %) and conversion

efficiency (CE %) were also calculated (Borges 2008) :

V ¼ P� Sr

BI ¼ PWi � PWf � PWD

RGR % ¼ LWf � LWi

LWi

� 100

CE % ¼ LWf � LWi

BI
� 100

where PWi and PWf are prey initial and final weights,

respectively, and LWi and LWf are the predator larval

initial and final weights, respectively.

Statistical analyses

Data normality and variance homogeneity were eval-

uated by the Kolmogorov–Smirnov and Levene’s

tests, respectively. When normality and homogeneity

of variance were confirmed, ANOVA was used and for

multiple comparisons the Tukey test was performed.

When data was not normal, the Kruskal–Wallis test

was used, with multiple comparisons made by the

Mann–Whitney test with the correction of Bonferroni

(Zar 1996). In the present study, three diets were

tested, therefore the critical P value for the Bonferroni

correction was 0.017 (0.05/3). To compare the effect

of prey and temperature on the developmental time of

the predator, a non-parametric two-way ANOVA, a

special extension of a Kruskal–Wallis was performed

(Zar 1996). In this case it is not possible to perform

multiple comparison tests. SPSS v. 15.0 was used to

perform statistical analyses.

Results

Temperature and prey-dependence

for development of the immature stages of S.

subvillosus

The larvae failed to develop into adults when fed on A.

fabae and M. persicae at 15 �C, whereas when fed on

M. donacis, developmental time was

61.5 ± 1.96 days. For this reason the temperature

and prey-dependence for development of the imma-

ture stages of S. subvillosus was statistically compared

only at 20, 25 and 30 �C. No significant interaction

was detected between temperature and prey (extension

of the Kruskal–Wallis temperature 9 prey interaction:

v2
4 = 8.76, p = 0.067). Our results show that inde-

pendently of the prey provided, development time of

S. subvillosus immatures decreased with increasing

temperature, as expected within the range of temper-

atures tested (extension of the Kruskal–Wallis:

v2
2 = 89.86, p \ 0.0001). For a given temperature,

the development time of immature stages was inde-

pendent of prey (extension of the Kruskal–Wallis:

v2
2 = 1.19, p = 0.55) (Table 1).

The LDT and sum of effective temperatures (SET)

for immature development of S. subvillosus fed on M.

donacis ranged from 9.4 �C for L1 to 12 �C for L4,

and from 16.7 degree-days (DD) for L2 to 70.6 DD for

pupa, respectively (Table 2). To complete immature

development, the LDT was estimated to be 11.7 �C

and SET to be 196.3 DD (Table 2). The thermal

parameters of larvae fed on A. fabae and M. persicae

were not calculated because data from three temper-

atures only (20, 25 and 30 �C) may lead to a less

accurate estimate of the LDT and SET values.

We found that at 15 �C larvae failed to develop into

adults when fed on A. fabae and M. persicae but on M.

donacis 22 % of larvae survived. At 20 and 25 �C

larval survival was high, ranging from 74 to 85 %

(Fig. 1).

Female body weight did not significantly differ

with prey species (Table 3). Pre-oviposition period

was significantly longer when females were fed on M.

Table 1 Development time of immature stages (days ± SE)

of S. subvillosus fed with M. persicae, A. fabae or M. donacis

at constant temperatures (20, 25 and 30 �C)

20 �C 25 �C 30 �C

M. persicae 19.54 ± 0.23 13.75 ± 0.29 12.25 ± 0.17

A. fabae 17.17 ± 0.11 13.21 ± 0.14 12.25 ± 0.25

M. donacis 21.83 ± 0.13 14.88 ± 0.07 10.42 ± 0.10

Statistical analysis indicated no differences among the means

within a column (p [ 0.05) but significant differences were

detected within a row, for all prey species (p \ 0.05) (non

parametric two-way ANOVA, an extension of a Kruskal–

Wallis)
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persicae and no significant differences were found for

A. fabae and M. donacis. Fecundity did not signifi-

cantly differ with prey species. Females of S.

subvillosus laid an average of 80 eggs and 159 eggs

when fed on M. persicae and A. fabae, respectively.

Despite the absence of significant differences in the

mean number of eggs laid, we found that the

proportion of ovipositing females differed: 90, 70

and 50 % for M. donacis, A. fabae and M. persicae,

respectively. The fertility of S. subvillosus eggs was

significantly higher on A. fabae and M. donacis

(Table 3).

Voracity and nutritional physiology of 4th instars

of S. subvillosus fed on A. fabae

The mean weight gain by a 12-hour old 4th larval

instar was 0.71 mg, corresponding roughly to 50 % of

its initial body weight (Table 4). The 3.23 mg of aphid

biomass ingested, corresponding to ca. 10.5 prey items

(females), is converted to larval biomass at a rate of

21 % (Table 4).

Discussion

Environmental temperature and food quality are

important factors determining physiological processes

in coccinellid predators (Hodek and Evans 2012;

Nedved and Honek 2012), with direct implications on

developmental rate and survival (Blackman 1967;

Honek and Kocourek 1990; Obrycki and Orr 1990;

Chapman 1998; Kalushkov 1998; Kalushkov and

Hodek 2001; Soares et al. 2001; Isikber and Copland

2002; Evans 2003; Soares et al. 2003b; Soares et al.

2004; Ungerová et al. 2010) and reproductive perfor-

mance, such as fecundity and fertility (Blackman

1967; Niijima et al. 1986; Hodek 1993; Michaud

2005). As we expected, developmental time of the

immature stages of S. subvillosus decreased with

increasing temperature. Our results also indicated that

developmental rate and survival were concomitantly

temperature and prey-dependent, which is consistent

with previous studies (Atlihan et al. 1999; Satar and

Table 2 Lower development threshold (LDT) and sum of

effective temperatures (SET ± SE) required for the develop-

ment of the immature stages of S. subvillosus fed on M. donacis,

with the respective regression equations and coefficient of

determination (R2). L1, L2, L3, L4 and P: first, second, third and

fourth larval instars and pupa, respectively

Instars Regression equations R2 LDT

(�C)

SET (DD)

L1 y = 0.0301x-0.2825 0.9687 9.4 34.2 ± 2.13

L2 y = 0.0629x-0.7302 0.9766 11.6 16.7 ± 1.4

L3 y = 0.0512x-0.5962 0.9901 11.6 20.1 ± 0.97

L4 y = 0.0171x-0.2046 0.9983 12.0 59.1 ± 1.19

P y = 0.0143x-0.1693 0.993 11.8 70.6 ± 2.18

Total y = 0.0052x-0.0606 0.9949 11.7 196.3 ± 5.93
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Fig. 1 Age-specific survival rate (±SE) of immature stages of

S. subvillosus fed with different prey, under different

temperatures
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Uygun 2012). For instance, survival rate was higher

when larvae were fed on M. donacis. The most

remarkable example was the inability of S. subvillosus

to complete its development at 15 �C when fed with

M. persicae and A. fabae. The importance of prey

quality for developmental rate could be revealed by

differences in the sum of effective temperatures

(SET). In our experiment, S. subvillosus required

196.3 DD to develop from 1st instar to adult when fed

M. donacis, but on Aphis gossypii Glover it required

230 DD (Satar and Uygun 2012).

Growth and development of an insect species occur

only across a specific range of temperatures (Nedvĕd

and Honĕk 2012) and thus thermal parameters such as

the lower developmental threshold and thermal con-

stant are useful indicators to predict its potential

distribution and abundance (Messenger 1970). The

LDT of S. subvillosus was estimated to be 11.7 �C for

total immature development when fed on M. donacis.

Satar and Uygun (2012) reported a value of 10.26 �C

from egg to adult of S. subvillosus fed on A. gossypii.

In the present study, and contrarily to these authors,

the highest LDT was found for the 4th instar. These

values are quite similar to other Scymnus species:

Scymnus hoffmanni Weise: 10.1 �C; Scymnus frontalis

(Fabricius): 11.7 �C fed on Diuraphis noxia

(Mordvilko); Scymnus syriacus Marseul: 11.3 �C;

Scymnus levaillanti Mulsant: 11.7 �C fed on A.

gossypii (Kawauchi 1985; Naranjo et al. 1990; Emami

et al. 1998; Uygun and Atlihan 2000). Atlihan and Chi

(2008) estimated a lower LDT of 7.1 �C for S.

subvillosus when fed on H. pruni. This discrepancy

can be partially explained by regional acclimatization.

Satar and Uygun (2012) collected their S. subvillosus

in the Mediterranean region where mild winters occur

whereas Atlihan and Chi (2008) collected individuals

in Turkey (Van region) where there is a harsh and long

winter. The combination of a high LDT and a low SET

guarantees a fast development at high temperatures, in

contrast to cold adapted species whose LDT is low and

SET high (Turgill 1995).

Egg production requires nutritional intake beyond a

maintenance level, and thus high quality food is

important for supporting reproductive capacity (Sea-

graves 2009). Our results showed that M. donacis and

A. fabae are equally suitable prey whereas M. persicae

leads to a lower biological performance. Despite the

absence of significant differences in the mean number

of eggs laid, the proportion of ovipositing females

differed: 90, 70 and 50 % for M. donacis, A. fabae and

M. persicae, respectively. This finding may have

implications for biocontrol. Indeed females presenting

a high rate of oviposition may lead to potentially

higher biocontrol capacity of the resulting hatched

larvae. In the Scymninae the pre-oviposition period

varies with temperature and prey suitability even

among closely related species (Naranjo et al. 1990;

Uygun and Atlihan 2000; Nedvĕd and Honĕk 2012).

This is consistent with our results in which pre-

oviposition period was significantly longer on M.

persicae than on A. fabae and M. donacis.

From an ecophysiological point of view, the three

prey species tested in our study can be considered as

essential foods. Indeed, in light of the criteria

Table 3 Body weight (mg ± SE), pre-oviposition time (days ± SE), fecundity (total number of eggs ± SE) and fertility (% ± SE)

of S. subvillosus females fed with three different prey at 25 �C

Biological parameters M. persicae A. fabae M. donacis ANOVA (F) or Kruskal–Wallis (v2)

Female body weight 1.67 ± 0.07a* 1.64 ± 0.06a 1.68 ± 0.04a F = 0.088, df = 2, 21, p = 0.911

Pre-oviposition time 14.6 ± 1.05a 9.2 ± 1.01b 7.6 ± 0.39b F = 17.95, df = 2, 21, p B 0.0001

Fecundity 80.3 ± 24.4a 133.1 ± 30.1a 158.9 ± 16.5a v2
2 = 4.44, p = 0.108

Fertility 80.8 ± 6.9a 91.7 ± 4.4b 94.6 ± 0.9b v2
2 = 6.55, p = 0.038

* Means within a row followed by different letters are significantly different at p \ 0.05 (ANOVA or Kruskal–Wallis)

Table 4 Feeding parameters of 4th instars of S. subvillosus

fed on A. fabae at 25 �C

Feeding parameters Mean ± SE

Larval weight initial (mg) 1.69 ± 0.08

Larval weight final (mg) 2.40 ± 0.06

Mean weight gain (mg) 0.71 ± 0.11

Voracity (number of aphids eaten) 10.5 ± 0.78

Voracity (mg of biomass ingested) 3.23 ± 0.31

Relative growth rate (%) 47.7 ± 1.93

Conversion efficiency (%) 20.9 ± 1.98
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described by Hodek and Evans (2012), the consump-

tion of those prey species supported growth and

development of larvae and reproduction by adults.

Other essential prey reported for S. subvillosus

includes Aphis sambuci L., H. pruni, and A. gossypii

(Atlihan and Chi 2008; Atlihan and Güldal 2009;

Klausnitzer 1992; Satar and Uygun 2012). Essential

foods, however, show varying degrees of favorability,

enabling different developmental rates, body mass,

fecundity, and survival (Hodek 1993; Hodek and

Honěk 1996; Kalushkov 1998; Kalushkov and Hodek

2004; Soares et al. 2005; Cabral et al. 2006; Ungerová

et al. 2010). Overall A. fabae and M. donacis appear to

be more suitable food resources than M. persicae. This

result could reflect a possible case of prey specializa-

tion due to the co-occurrence of S. subvillosus and A.

fabae and M. donacis (contrarily to M. persicae) in the

Azorean coastal habitats where larvae of the predator

have been found feeding on aphid colonies (I. Borges,

pers. obs.). Indeed, according to Rana et al. (2002),

prey specialization due to selection through consecu-

tive generations increases fitness in ladybirds.

From a practical point of view, the estimation of

voracity, expressed as the number of aphids killed, is

an important predictor of a predator’s potential as a

biological control agent. However, expressing vorac-

ity as the amount of biomass intake, allows i) to correct

voracity given that aphids do not have the same body

size and ii) to estimate some physiological parameters

(Frazer 1988). Despite the small size of the 4th instar

of S. subvillosus, an average of 10.5 aphids was killed

during 24 h. Considering an average aphid weight of

0.6 mg, this would correspond to 6.3 mg of prey

biomass. However, only a small amount of prey

biomass was effectively taken up: 3.23 mg. Consid-

ering the general model of biomass/energy flow, we

estimated that 21 % of prey biomass ingested is

converted to predator biomass, allowing a relative

growth rate of approximately 48 %. Borges (2008)

obtained a similar value for the conversion efficiency

for Scymnus nubilus Mulsant (26 %). The low

proportion of prey biomass ingested increases the

potential of the predator to kill more aphids. If all prey

items were fully consumed, as with large ladybirds,

only six aphids would be required for the daily needs

instead of the average of 10.5 obtained in this study.

From a practical point of view this fact can be

advantageous when considering the use of the smaller

ladybird beetles in biological control.

In conclusion, our results show a concomitant

influence of temperature and prey on developmental

time and survival rate of immature stage of S.

subvillosus. Myzus persicae, A. fabae and M. donacis

are essential prey species for S. subvillosus and thus

the predator can be a suitable biological control agent

against these aphids. However, diets differ in suitabil-

ity, with M. donacis and A. fabae being equally

suitable and better than M. persicae. Considering our

results and previously published data, the optimal

temperature for population growth of S. subvillosus

and mass production, could be somewhere between 20

to 25 �C.
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Atlihan R, Denizhan E, Yaşar B (1999) Effects of different

preys on development and fecundity of Scymnus subvillo-

sus Goeze (Coleoptera: Coccinellidae). In: Proceedings of

the IV Turk Congress of Biol Control (Adana, Turkey),

pp 397–406 (Turkish, with English summary)

Blackman RL (1967) The effects of different prey on Adalia

bipunctata L. and Coccinella 7-punctata L. Ann Appl Biol

59:207–219

Borges IMM (2008) Life history evolution in aphidophagous

and coccidophagous Coccinellidae (Coleoptera). PhD

Thesis. University of the Azores, Portugal

Borges I, Soares AO, Magro A, Hemptinne JL (2011) Prey

availability in time and space is a driving force in life

history evolution of predatory insects. Evol Ecol

25:1307–1319

Effect of temperature and prey in the biology 247

123



Borges I, Hemptinne JL, Soares AO (2013) Contrasting popu-

lation growth parameters of the aphidophagous Scymnus

nubilus and the coccidophagous Nephus reunioni. Bio-

Control 58:351–357

Cabral S, Soares AO, Moura R, Garcia P (2006) Suitability of

Aphis fabae, Myzus persicae (Homoptera: Aphididae) and

Aleyrodes proletella (Homoptera: Aleyrodidae) as prey for

Coccinella undecimpunctata (Coleoptera: Coccinellidae).

Biol Control 39:434–440

Cabral S, Soares AO, Garcia P (2009) Predation by Coccinella

undecimpunctata L. (Coleoptera: Coccinellidae) on Myzus

persicae Sulzer (Homoptera: Aphididae): effect of prey

density. Biol Control 50:25–29

Chapman RF (1998) The insects: structure and function, 4th

edn. Cambridge University Press, UK

Dixon AFG (2000) Insect predator–prey dynamics: ladybirds

and biological control. Cambridge University Press,

Cambridge, UK

Emami MS, Sahragard A, Haji-Zadeh J (1998) Effect of different

temperatures on the development of Scymnus syriacus (Cole-

optera: Coccinellidae). Appl Entomol Phytopathol 66:21–22

Evans EW (2003) Searching and reproductive behaviour of

female aphidophagous ladybirds (Coleoptera: Coccinelli-

dae): a review. Eur J Entomol 100:1–10

Frazer BD (1988) Predators. In: Minks AK, Harrewijn P (eds)

Aphids: their biology, natural enemies and control, vol B.

Elsevier Science, Amsterdam, The Netherlands, pp 217–230

Gibson R, Elliot N, Schaefer P (1992) Life history and devel-

opment of Scymnus frontalis (Fabricius) (Coleoptera:

Coccinellidae) on four species of aphid. J Kansas Entomol

Soc 65:410–415
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Işıkber AA, Copland MJW (2002) Effects of various aphid

foods on Cycloneda sanguinea. Entomol Exp Appl

102:93–97

Jalali MA, Tirry L, De Clercq P (2010) Effect of temperature on

the functional response of Adalia bipunctata to Myzus

persicae. BioControl 55:261–269

Kalushkov P (1998) Ten aphid species (Sternorrhyncha: Aphi-

dae) as prey for Adalia bipunctata (Coleoptera: Coccinel-

lidae). Eur J Entomol 95:343–349

Kalushkov P, Hodek I (2001) New essential aphid prey for

Anatisocellata and Calvia quatuordecimguttata (Coleop-

tera: Coccinellidae). Biocontrol Sci Technol 11:35–39

Kalushkov P, Hodek I (2004) The effects of thirteen species of

aphids on some life history parameters of the ladybird

Coccinella septempunctata. BioControl 49:21–32

Kawauchi SE (1985) The threshold temperature and thermal

constant for development from the egg to the adult form of

Coccinella septempunctata brucki, Propylea japonica and

Scymnus (Pullus) hoffmanni (Coleoptera, Coccinellidae).

Kurume Univ J 32:45–51

Klausnitzer B (1992) Coccinellidenals Prädatoren der Holund-
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Kovář I (2007) Coccinellidae. In: Löbl I, Smetana A (eds)
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