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Abstract 
 

The whitefly Bemisia tabaci (Gennadius) is a globally distributed species complex that includes several destructive pests of agri-

culture. In recent years, the high ability of B. tabaci to develop insecticide resistance indicates that using insecticides to control 

this pest has become unsustainable. Use of natural enemies as part of integrated management approaches is considered a key strat-

egy for long term sustainable control. Here we investigated the effects of host species on the performance of a parasitoid. We 

tested this using Encarsia formosa Gahan (Hymenoptera Aphelinidae) and two members from B. tabaci species complex, 

MEAM1 and AsiaII7. The parasitoids were reared using MEAM1 or AsiaII7 hosts feeding on hibiscus. Those maintained on 

MEAM1 are referred to as M-E. formosa and those on AsiaII7 as A-E. formosa. Results showed that there were no significant 

differences between the pre-imaginal developmental times of M-E. formosa and A-E. formosa regardless of their whitefly hosts. 

However, M-E. formosa emergence rate after parasitism on MEAM1 was higher than that of A-E. formosa parasitizing MEAM1. 

On the contrary, A-E. formosa emergence rate after parasitism on AsiaII7 was higher than that observed for M-E. formosa parasi-

tizing AsiaII7. In no-choice experiments, M-E. formosa females parasitized MEAM1 and AsiaII7 hosts in a similar rate but A-E. 

formosa parasitized less MEAM1 than AsiaII7 hosts. In choice experiments, M-E. formosa females parasitized more MEAM1 

than AsiaII7 hosts and A-E. formosa parasitized AsiaII7 and MEAM1 hosts equally. These parasitism rates mirrored for the host 

checking and oviposition behavior of different E. formosa strains. Our results indicate that B. tabaci species does not influence 

parasitoid development period until adulthood, but that pre-imaginal experience is important for emergence rate, parasitism rate 

and behavior of E. formosa adults. 
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Introduction 
 

The whitefly, Bemisia tabaci (Gennadius) (Hemiptera 

Aleyrodidae) is a complex of at least 28 indistinguisha-

ble morphocryptic species (De Barro et al., 2011; EFSA 

panel on plant health, 2013) that has a global distribu-

tion. It is a sucking insect pest that causes substantial 

damage to a wide range of crops through direct phloem 

feeding and loss of photosynthesis as a result of sooty 

mould growth (Berlinger, 1986). However, the most de-

structive damage results from the transmission of nu-

merous plant viruses (Jones, 2003; Su et al., 2013). 

Insecticides play a key role for the control of whitef-

lies (Cuthbertson et al., 2012). However, heavy re-

liance on chemical control could lead to the develop-

ment of resistance in some species within the B. tabaci 

complex to most classes of insecticides (Basit et al., 

2013). Therefore, integrated pest management is seen 

as a more sustainable approach to control and, as part 

of this, biological control is an important element, with 

parasitoids being important contributors (Gerling et al., 

2001). 

Numerous species of parasitic Hymenoptera, mainly 

from the genus Encarsia Forster and Eretmocerus 

Haldeman (Hymenoptera Aphelinidae), are known to 

parasitize B. tabaci (Mound and Halsey, 1978; De Barro 

et al., 2000; Schmidt et al., 2001; Gerling et al., 2001; 

Schmidt and Polaszek, 2007; Li et al., 2011) and have 

been subject to numerous studies. These studies can be 

grouped as: (1) oviposition choice and larval develop-

ment (e.g. van Lenteren et al., 1980; Drost et al., 1999; 

Qiu et al., 2007a; Yang and Wan, 2011); (2) tritrophic 

effects (e.g. Qiu et al., 2005; Urbaneja et al., 2007); (3) 

effects of temperature on life history traits (e.g. Qiu et 

al., 2007b; Zandi-Sohani and Shishehbor, 2011); (4) pa-

rasitoid host feeding (Zang and Liu, 2008a); (5) interac-

tions between natural enemies (Zang and Liu, 2008b; 

Lazreg et al., 2009; Malo et al., 2012); (6) lethal or sub-

lethal effects of pesticides on parasitoids (e.g. Kumar et 

al., 2008; Sugiyama et al., 2011; Sohrabi et al., 2013); 

(7) comparative studies of parasitoid performance (e.g. 

Drost et al., 2000; De Barro and Coombs, 2009; Villa-

nueva-Jimenez et al., 2012). However, all these studies 

have focused on B. tabaci without considering it as a 

complex of multiple species. 

The cryptic species of B. tabaci complex, as well as 

being reproductively incompatible, display a range of 

biological differences in terms of host plant utilization, 

ability to develop resistance to insecticides, plant virus 

transmission, tolerance to extreme temperatures and en-

dosymbiont diversity (Ahmed et al., 2010; Chu et al., 

2011; Qiu et al., 2011; Rao et al., 2012; Li et al., 2012; 

Liu et al., 2013; Yang et al., 2013). This raises ques-

tions about the effects of host whitefly species on para-

sitoid performance. 

Host quality is well known to influence parasitoid bio-

logical and behavioral traits such as fecundity, deve-

lopmental time, emergence rate, secondary sex ratio, 
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and size of the emerging adult wasps (Vinson and 

Iwantsch, 1980; Charnov, 1982; Godfray, 1994). Field 

experimental evidence suggests that differences of host 

quality do exist within the B. tabaci complex (De Barro 

and Coombs, 2009) or even within the same cryptic 

species of B. tabaci feeding on different host plants 

(Pessoa et al., 2016). For example, the mean parasitism 

by Eretmocerus mundus Mercet (Hymenoptera Apheli-

nidae) (Australian parthenogenetic strain) on the Aus-

tralia (AUS) member of the B. tabaci complex averaged 

12.05% whereas parasitism on Middle East-Asia Minor 

1 biotype (MEAM1, formerly known as the B biotype 

B. tabaci) averaged 4.84%. Following the release of 

Eretmocerus hayati Zolnerowich et Rose (Hymenoptera 

Aphelinidae) as a biological control agent, field parasit-

ism of MEAM1 4
th

 instars increased to 29.04% (De Bar-

ro and Coombs, 2009), suggesting that E. hayati was 

better adapted to MEAM1 than E. mundus. Moreover, 

in the study of Pessoa et al. (2016), they investigated the 

tritrophical influence of transgenic Bt cotton on one pa-

rasitoid species of B. tabaci, Encarsia desantisi Viggia-

ni (Hymenoptera Aphelinidae). Their results showed 

approximately 10% increase of adult emergence rate of 

E. desantisi when they developed from those B. tabaci 

hosts that fed on Bt cotton plants compared to those on 

non-Bt cotton; however, female parasitoid longevity de-

creased when their hosts fed on Bt cotton plants. 

In current study we considered the relative ability of a 

parasitoid Encarsia formosa Gahan (Hymenoptera 

Aphelinidae) to use two different members of B. tabaci 

species complex, MEAM1 and AsiaII7. E. formosa is a 

solitary, thelytokous, primary and  dominant endopara-

sitoid of B. tabaci in China (Li et al., 2011). B. tabaci 

MEAM1 first invaded China in the mid-1990s and has 

caused substantial damage to field and greenhouse crops 

across the country (Qiu et al., 2011). It belongs to the 

major clade that evolved in the Middle East/Africa/Asia 

Minor, whereas AsiaII7 is indigenous to the Asia region 

and is able to damage ornamental species such as varie-

gated laurel, Codiaeum variegatum (L.)A.Juss and hi-

biscus, Hibiscus rosa-sinensis L. (Qiu et al., 2006; 

2011; Boykin et al., 2013). The aim of this study was to 

determine whether parasitoid biology or behavior was 

influenced by the whitefly species used as its host. 

 

 

Materials and methods 
 

Plants and whiteflies 
Hibiscus (H. rosa-sinensis) was used as the host plant 

for both MEAM1 and AsiaII7. The plants were grown 

in a greenhouse in plastic pots (12 cm diameter × 15 cm 

height) until they were 15-16 cm high. All the plants 

were free of pests at the beginning of experiments. Both 

whitefly species were collected in Guangzhou, China in 

2006. MEAM1 insects were collected from eggplants 

(Solanum melongena L.) and AsiaII7 from variegated 

laurel (C. variegatum). Both whitefly species were 

reared on hibiscus in separate greenhouses at ambient 

temperatures and were tested regularly for species con-

firmation using mitochondrial cytochrome oxidase I 

(mtCOI) sequencing following Qiu et al. (2007c). 

Parasitoid culture 
E. formosa was collected from parasitized MEAM1 on 

tomato (Lycopersicon esculentum Mill.) plants at the 

Beijing Academy of Agriculture and Forestry Sciences 

in 2008 and maintained in culture on MEAM1 feeding 

on hibiscus. For the experiment, two separate parasitoid 

cultures were established, one with MEAM1 fed on hi-

biscus and the other with AsiaII7 also fed on hibiscus. 

Both parasitoid cultures were maintained on the differ-

ent host species for 15 generations before experiments 

commenced. The E. formosa population maintained on 

MEAM1 is referred to as M-E. formosa, while the one 

maintained on AsiaII7 is referred to as A-E. formosa. 

 

Development and emergence rate of E. formosa 
on MEAM1 and AsiaII7 

One couple of either MEAM1 or AsiaII7 adults were 

released into one leaf cage (3.0 × 1.5 cm, d × h, with a 

100 mesh/cm
2
 cover at the top) on the underside surface 

of a hibiscus leaf. Both adults were removed after a 12 h 

oviposition period. For each leaf cage, eggs were left to 

hatch and the nymphs allowed to develop until they 

reached the 2
nd

-3
rd

 instar stage. Approximately 40 

nymphs at 2
nd

-3
rd

 instar were kept for parasitization in 

each leaf cage. 

Parasitoid pupae of E. formosa were collected and the 

adults left to emerge. The newly emerged wasps were 

incubated in a finger tube for one day with access to 

10% honey. On the day after, a single female of M-E. 

formosa or A-E. formosa was introduced into the leaf 

cage containing 40 MEAM1 or AsiaII7 2
nd

-3
rd

 instar 

nymphs and then left to oviposit for 12 h before being 

removed. After seven days the nymphs were examined 

with the aid of a stereomicroscope for the presence of a 

parasitoid larva; by this time the parasitoid larvae had 

reached the 3
rd

 instar and were clearly visible through 

the nymph’s cuticle. The following developmental pe-

riods of M-E. formosa and A-E. formosa using MEAM1 

or AsiaII7 as hosts were recorded: (i) egg to 3
rd

 instar, 

(ii) pupal stage and (iii) egg to adult. The emergence 

rate of parasitoid larvae from 3
rd

 instar to adult was also 

recorded. There were four treatments: M-E. formosa pa-

rasitizing MEAM1, M-E. formosa parasitizing AsiaII7, 

A-E. formosa parasitizing MEAM1 and A-E. formosa 

parasitizing AsiaII7. Each set of treatments was re-

peated four times with five replicates per treatment. 

Each replicate consisted of one cage with approximately 

40 nymphs of MEAM1 or AsiaII7 at 2
nd

-3
rd

 instar. 

 

Host checking and oviposition of E. formosa 

When investigating the parasitism of E. formosa in the 

no-choice and choice experiments, the frequency of host 

checking and oviposition by M-E. formosa and A-E. 

formosa on MEAM1 and AsiaII7 was recorded over a 

12 h period (from 8:00 to 20:00, the first 12 h of parasi-

tization period of E. formosa), using a stereo camera 

connected to a computer. Host checking included the 

behavior of walking over the host, knocking with the 

antenna and inserting of their ovipositor inside the host 

momentarily. Oviposition was taken as when the female 

wasp inserted her ovipositor into B. tabaci nymphs last-

ing for several minutes, accompanied by the action of 
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oviposition. Host checking and oviposition behaviors 

were measured as the time (min) spent by the parasito-

ids over the B. tabaci nymphs. 

 

Parasitization of E. formosa on MEAM1 and 
AsiaII7: no-choice and choice tests 

A single hibiscus plant was chosen and two symme-

trical, fully expanded leaves of similar size were se-

lected. Each leaf was enclosed by a leaf cage and whi-

teflies were introduced and allowed to oviposit as de-

scribed above. In no-choice experiments both leaves had 

the same whitefly species present. In the choice experi-

ment one leaf had MEAM1 and the other had AsiaII7. 

When the nymphs had developed through 2
nd

-3
rd 

instar, 

the excess of nymphs were removed, keeping 30 

nymphs on each leaf. The whole plant was then en-

closed in a plastic cylinder cage (15 × 30 cm, d × h, 

screened with 100 mesh/cm
2
 mesh at the top). Adult pa-

rasitoids were obtained as before, and a single two day 

old M-E. formosa or A-E. formosa adult was introduced 

into the cage to oviposit for 24 h before being removed. 

Parasitism was checked 10 days after the wasp was re-

leased into the cage. 

For no-choice experiments, the treatments were as  

follows, M-E. formosa parasitizing MEAM1, M-E. for-

mosa parasitizing AsiaII7, A-E. formosa parasitizing 

MEAM1, A-E. formosa parasitizing AsiaII7 in each 

cylinder cage. For choice experiments, the treatments 

were as follows, M-E. formosa parasitizing both 

MEAM1/AsiaII7 hosts present in one cylinder cage,   

A-E. formosa parasitizing MEAM1/AsiaII7 hosts 

present in one cylinder cage. Each set of treatments was 

repeated four times with five replicates per treatment. 

Each cylinder cage containing MEAM1 hosts or AsiaII7 

hosts in no-choice experiments was considered a repli-

cate and each cylinder cage containing both hosts was 

considered as a replicate in choice experiments. 

All the experiments were carried out in separate tem-

perature-humidity controlled incubators (PQX-250, Jin-

tan Experimental Instrument Co. Ltd., Jiangsu, China) at 

26.0 ± 1 °C with 70-85% relative humidity, 14:10 (L:D) 

photoperiod; light intensity was approximately 3000 Lux. 

 

Data analysis 
The parasitism rate was calculated according to Qiu et 

al., (2007b). There was no difference between the 

treatment blocks so these were pooled together. The 

percentage data were firstly arcsine-square-root-

transformed. This data and the development time were 

then compared using two-way ANOVA analysis (para-

sitoid origin, whitefly species). Means were separated 

using the Student-Newman-Keuls Multiple range test at 

a significance level of α = 0.05 (SAS, 2012). 

 

 

Results 
 

Development and emergence rate of E. formosa 
on MEAM1 and AsiaII7 

The developmental time of M-E. formosa and         

A-E. formosa are shown in figure1. There were no sig-

nificant differences in developmental times (egg-3
rd

 in-

star larvae, F15,64 = 0.62, P = 0.844; pupae, F15,64 = 1.67, 

P = 0.080 and egg-adult, F15,64 = 0.52, P = 0.672) re-

gardless of the species of whitefly hosts used for pre-

imaginal development. 
 

 

 
Figure 1. Mean developmental time (M ± SE, days) of E. formosa reared for 15 generations using MEAM1 or 

AsiaII7 hosts when parasitizing MEAM1 or AsiaII7. The same letter over the bars means there are no significant 

differences among the treatments in each developmental stage (Student-Newman-Keuls Multiple range test). 
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Figure 2. Emergence rate of E. formosa (M ± SE, %) reared for 15 generations using MEAM1 or AsiaII7 hosts when 

parasitizing MEAM1 or AsiaII7. The same letter over the bars means there are no significant differences among the 

treatments (Student-Newman-Keuls Multiple range test). 

 

 

E. formosa emergence rate using different B. tabaci 
hosts 

Emergence rate of E. formosa was always slightly but 

significantly higher when the host was the same species 

as the one from which the adult parasitoid had emerged 

than from the heterologous species host (figure 2, F15,64 

= 11.73, P = 0.003). The average emergence rate of    

M-E. formosa parasitizing MEAM1 was 98.45 ± 0.89%, 

but reduced to 95.25 ± 0.56% when the host was ex-

changed for AsiaII7. Similarly, the emergence rate of  

A-E. formosa reduced from 97.45 ± 0.83% when parasi-

tizing AsiaII7 to 95.85 ± 0.55% when parasitizing 

MEAM1. 

 

Host checking and oviposition frequencies of       
E. formosa on MEAM1 and AsiaII7: no-choice ver-
sus choice 

When only MEAM1 nymphs were available,           

M-E. formosa exhibited significantly higher frequencies 

than A-E. formosa for both host checking (9.30 ± 0.52 

vs. 7.10 ± 0.43 nymphs per parasitoid in the 12 h test 

period, respectively) and oviposition (6.95 ± 0.51 vs. 

4.95 ± 0.34 nymphs per parasitoid, respectively). In 

contrast, when only AsiaII7 nymphs were available, no 

significant differences were found between M-E. formo-

sa and A-E. formosa in the frequencies of host checking 

and oviposition (table 1). When both MEAM1 and 

AsiaII7 were available to M-E. formosa, a significantly 

higher frequency of host checking (8.95 ± 0.51 vs. 5.10 

± 0.34 nymphs per parasitoid) and oviposition (7.05 ± 

0.47 vs. 3.10 ± 0.39 nymphs per parasitoid) was ob-

served for MEAM1 relative to AsiaII7. Similarly,       

A-E. formosa showed significantly higher frequencies 

of host checking for AsiaII7 than for MEAM1 (8.10 ± 

0.35 vs 6.05 ± 0.49 nymphs per parasitoid, respective-

ly). However, oviposition frequencies were not signifi-

cantly different between the MEAM1 and AsiaII7 hosts 

(table 2). 

 

 

Table 1. Host checking and oviposition frequency of E. formosa (M ± SE, times) from either MEAM1 or AsiaII7 

when parasitizing either MEAM1 or AsiaII7: no-choice experiments (12 h). 
 

Host Checking frequency* Range Oviposition frequency* Range 

M-E. formosa in MEAM1 9.30 ± 0.52 a 4-12 6.95 ± 0.51 a 1-9 

M-E. formosa in AsiaII7 8.10 ± 0.71 ab 3-14 6.15 ± 0.58 ab 3-11 

A-E. formosa in MEAM1 7.10 ± 0.43 b 2-10 4.95 ± 0.34 b 2-7 

A-E. formosa in AsiaII7 7.95 ± 0.55 b 2-10 5.10 ± 0.61 b 2-8 

F15,64 4.81 - 3.85 - 

P 0.0462 - 0.0467 - 
 

*The same letter in one column means there are no significant differences among the treatments (Student-Newman-

Keuls Multiple range test). 
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Table 2. Host checking and oviposition frequency of Encarsia formosa from either MEAM1 or AsiaII7 when parasi-

tizing either MEAM1 or AsiaII7: choice experiments (12 h). 
 

Host Checking frequency* Range Oviposition frequency* Range 

M-E. formosa in MEAM1 8.95 ± 0.51 a 5-12 7.05 ± 0.47 a 3-10 

M-E. formosa in AsiaII7 5.10 ± 0.34 c 3-8 3.10 ± 0.39 c 2-4 

A-E. formosa in MEAM1 6.05 ± 0.49 b 3-10 4.75 ± 0.38 b 2-8 

A-E. formosa in AsiaII7 8.10 ± 0.35 a 4-10 5.85 ± 0.76 ab 4-8 

F15,64 13.2 - 17.76 - 

P < 0.0001 - < 0.0001 - 
 

*The same letter in one column means there are no significant differences among the treatments (Student-Newman-

Keuls Multiple range test). 
 

 

Parasitization of E. formosa on MEAM1 and 
AsiaII7: no-choice versus choice 

In no-choice experiments, when only MEAM1 or 

AsiaII7 nymphs were available, the parasitism by       

M-E. formosa was slightly higher on MEAM1 than on 

AsiaII7; however, when only one of the two whitefly 

host nymphs were available, the parasitism by             

A-E. formosa on AsiaII7 nymphs were significantly 

higher than that observed on MEAM1 nymphs (figure 

3A). In choice experiments, when both MEAM1 and 

AsiaII7 hosts were available together, M-E. formosa, 

showed higher parasitism on MEAM1 than on AsiaII7 

(figure 3B). However, when both MEAM1 and AsiaII7 

were available to A-E. formosa there was no significant 

difference in parasitization (figure 3B). 

 
 

 
 

 
Figure 3. Parasitism of E. formosa (M ± SE, %) reared for 15 generations using MEAM1 or AsiaII7 hosts when pa-

rasitizing either MEAM1 or AsiaII7 in no-choice tests (A) and choice tests (B). The same letter over the bars 

means there are no significant differences among the treatments (Student-Newman-Keuls Multiple range test). 
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Discussion 
 

Use of parasitoids in biological control has become a 

key factor of integrated pest management strategies. Fo-

raging behavior of a certain parasitoid may be variable 

within and among different host populations at the ge-

notypic or the phenotypic level. However, investigations 

into the relationship between host usage and offspring 

performance in different host species are limited (Ode et 

al., 2005). 

Our results showed that while at times subtle, E. for-

mosa showed significant differences between whitefly 

species for host checking, oviposition and emergence 

rate. E. formosa reared on MEAM1 tended to outper-

form those reared on AsiaII7. In addition, pre-imaginal 

experience had a generally positive influence on the 

choice of whitefly host species for oviposition. The dif-

ferences may be attributed to the learning and memory 

of E. formosa progeny. Learning and memory have been 

shown in a number of insects, especially in members of 

the Hymenoptera (Eisenhardt, 2006; Smid et al., 2007; 

Hoedjes et al., 2011; Schurmann et al., 2012). Brotodjo-

jo and Walter (2006) investigated the behavior of a ge-

neralist egg parasitoid Trichogramma pretiosum Riley 

(Hymenoptera Trichogrammatidae) when parasitizing 

two different field hosts, Helicoverpa armigera (Hubn-

er) (Lepidoptera Noctuidae) and Spodoptera litura (F.) 

(Lepidoptera Noctuidae). The results revealed that those 

T. pretiosum progeny that developed from H. armigera 

eggs and from S. litura eggs varied significantly in their 

lifespan and fecundity. As in the study of Brotodjojo 

and Walter (2006), our current work also indicates that 

the host used for parasitoid development influences sub-

sequent host preference and performance of adult para-

sitoids. 

It is well known that the performance of parasitoids 

which accept a number of host species is influenced by 

their host species. Ode et al. (2005) measured the beha-

vioral and developmental differences in the parasitic 

wasp, Aphidius colemani Viereck (Hymenoptera Braco-

nidae) across four aphid hosts. They tested the effect of 

the parental host species in which the parasitoids devel-

oped on the number of hosts attacked, the proportion of 

each host species accepted for oviposition and the sur-

vival of progeny. Their results revealed that the parental 

hosts had a marked influence on the progeny body size, 

but not on the other host-use parameters. Ghimire and 

Phillips (2014) similarly observed that the reproductive 

performance of the gregarious ectoparasitoid, Habro-

bracon hebetor (Say) (Hymenoptera Braconidae) was 

strongly influenced by species of Lepidoptera host. 

While Ghimire and Phillips (2014) explored parasitoid 

performance across species belonging to several differ-

ent genera, Pomari et al. (2012) considered biological 

characteristics of Telenomus remus Nixon (Hymenopte-

ra Platygastridae) developed from eggs of different 

Spodoptera Guenee species. Again, they found that per-

formance varied across the different, but more closely 

related, host species. 

In the context of B. tabaci, the misplaced belief that it 

was a single species may have led to wrong conclusions 

on whether parasitoid performance was influenced by 

the host. Our results indicate that whitefly species does 

influence performance of parasitoids and that it is not 

rational to assume equivalent performance by a parasi-

toid species across a phytophagous species complex. As 

such, our findings confirm to what we would expect 

from studies involving other host-parasitoid systems. 

In addition, our findings indicate that, to ensure the 

achievement of biological control, when more than one 

pest species is simultaneously targeted (such as different 

whitefly or aphid species that share the same natural 

enemies in one ecosystem), the mass rearing of parasito-

id or predators should select a pest host that is very spe-

cific to the target pest. 
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