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Introduction 
 

The functional response and its key 

parameters vary with several factors, 

including the relative size of predator and 

prey (Flinn et al., 1985), hunger (Rotheray, 

1983), prey type (Allahyari et al., 2004), 

predator age and life stage (Farhadi et al., 

2010), host plant properties (DeClercq et al., 

2000; Sobhani et al., 2013), and 

environmental conditions such as temperature 

and relative humidity (Moezipour et al., 

2008). Rotheray (1989) suggested that several 

other factors, such as density of predators, 

time of day, ability of prey to defend itself, 

toxicity of prey, and density of prey, may 

have an influence on searching efficiency and 

handling time of a predator. As in nature, 

many pests like aphids aggregate on host 

 

 

 

 

plants as they colonize and reproduce, and 

damage to plants is usually greatest when 

aphid densities are high. Therefore, to control 

these pests, the response of predators to 

changes in prey density is of considerable 

interest. 

 

The larvae of hoverflies of the subfamily 

Syrphinae are specialized aphidophagous 

predators and have long been recognized as 

important natural enemies of aphids 

(Ankersmit et al., 1986; Chambers, 1988). 

Because of their high reproductive rates and 

the large number of aphids they consume 

(Chambers and Adams, 1986) and their 

elaborate oviposition behavior (Sadeghi and 

Gilbert, 2000), they can significantly reduce 
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Functional response of the syrphids Episyrphus balteatus deGeer, Eristalis interruptus 

(Poda), Eristalis cerealis F. and Sphaerophoria scripta (L.), to Brevicoryne brassicae 

L. was studied under laboratory conditions to determine their relative preying potential. 

The 2
nd

 and 3
rd

 instar larvae of the predators were exposed to increasing densities of 

similar sized B. brassicae nymphs in petri dishes. Third instar of Ep. balteatus was 

found to possess highest consumption (52.8 aphids) closely followed by Er. Cerealis 

(50.7 aphids), Er. Interruptus (42.10 aphids) and S. scripta (38.7 aphids), All predators 

and preying stages exhibited type II functional response. The coefficients of attack rate 

and handling time were found to show significant variation between species and 

preying stages. The results suggested that third instar larva of Episyrphus balteatus is 

the efficient predator to regulate B. brassicae colonies.  
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aphid population growth and abundance 

(Brewer and Elliott, 2004; Freier et al., 2007; 

Haenke et al., 2009; Almohammad et al., 

2009). Larvae of aphidophagous syrphid flies 

can be important biocontrol agents in 

agroecosystems (Chambers, 1988), like 

vegetables and in protected cultivation 

(Evenhuis, 1959, 1960; Holdsworth, 1970; 

Brown and Schmitt, 1994). Many workers 

evaluated the potential of syrphidfly larvae 

against various aphid pests of vegetables like 

Myzus persicae (Amoros-Jimenez et al., 

2012), Aphis gossypii (Sobhani et al., 2013; 

Putra and Yasuda, 2006), Acythosiphon pisum 

(Putra and Yasuda, 2006), Lipaphis erysimi 

(Singh, 2013; Singh and Singh, 2013; Devi et 

al., 2011), Aphis fabae (Amiri-Jami and 

Sadeghi-Namaghi 2014), Nasonovia 

ribisnigri (Hopper et al., 2011), Aphis pomi 

(Khan et al., 2016) etc. with encouraging 

results.  

 

The potential of Episyrphus balteatus deGeer 

as a biological control agent for aphids on 

several crops has been the subject of several 

studies, summarised by Amiri-Jami and 

Sadeghi-Namaghi (2014). However, related 

syrphid predators mostly are understudied. 

The present study was carried out to 

determine the functional response of four 

syrphidfly predators viz.  Ep. balteatus, Er. 

interruptus, Er. cerealis and S. scripta, 

predominant in cruciferous vegetable fields of 

Kashmir (India), against B. brassicae, a major 

pest of cruciferous crops (Khan, 2009). The 

study aims at comparing the preying potential 

of the four predator species and to ascertain 

their possible contribution to the suppression 

of the aphid pest, with the view of their of 

their potential use as bioagents. 
  

Materials and Methods 

 

Stock cultures 

 

Stock cultures of Ep. balteatus, Er. 

interruptus, Er. cerealis and S. scripta were 

established using gravid females captured at 

the campus of SKUAST-K, Shalimar, 

Srinagar, India during spring 2014. The stock 

cultures were maintained in a constant 

environment of 25±2°C under a 14-h 

photoperiod. The insects were provided with 

cut flowers of Brassica napus as a pollen 

source; diluted honey (10%), solid crystalline 

sugar, and water from a soaked pad of cotton 

wool in a conical flask were placed on the 

floor of a net-covered cage (100 × 70 × 70 

cm). The cut flowers and water were changed 

every 2–3 days. To obtain a group of larvae of 

the same age, females were induced to lay 

eggs on leaves of apple infested with green 

apple aphids. For experimental purposes, eggs 

laid over a period of 6 h were selected and 

placed in a large Petri dish in an incubator (25 

± 1 °C, 60–70% RH and 16-L:8-D 

photoperiod) to hatch. As the newly emerged 

larvae are very delicate and difficult to 

handle, the larvae were left in groups and 

allowed to feed on green apple aphids for the 

first three days after hatching. After that, 

larvae were transferred to experimental Petri 

dishes, one larva per Petri dish. To rear the 

predator larvae, aphid colonies were 

maintained on fresh twigs of apple, in cages 

(18x18x18 cm). The colonies were collected 

from pesticide free vegetable fields in the 

University Campus. 

 

Functional response 

 

Functional response of 3
rd

 and 4
th

 instar larvae 

of the four predator species to various 

densities of the mealy cabbage aphid, B. 

brassicae, was determined. The predatory 

larvae were deprived of prey for 12 h prior to 

the experiment. Individual larvae were then 

exposed to different densities of the test aphid 

in petri dishes (9 ×1.5 cm) on excised leaves 

of cabbage. Six different densities of similar-

sized (generally fourth instars) aphids were 

provided: 4, 8, 16, 32, 64, and 128 aphids for 

2
nd

 instar larvae and 7 aphid densities:  4, 8, 



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2808 

 

16, 32, 64, 128 and 256 were tested for the 3
rd

 

instar predators.  At the end of a 24-h period, 

the syrphid larvae were removed from 

experimental Petri dishes, and the numbers of 

unconsumed aphids were counted. All 

experiments were conducted in an incubator 

at 25 ± 1 °C, 60–70% RH, and a photoperiod 

of 16:8 (L:D) h and replicated 10 times for 

each predator larval stage at each prey 

density, Control experiments without 

predators were carried in parallel and natural 

aphid mortality accounted for. 

 

Statistical analysis 

 

Prior to fitting the data to a particular 

Hollings’ equation (Holling, 1959 and 1966), 

it’s important to know the type of functional 

response exhibited by a particular instar of a 

predator to a particular prey species. Logistic 

regression model is such a tool that is used to 

determine the shape (type) of functional 

response by taking into consideration the 

proportion of prey eaten (Na/N0) as a function 

of prey offered (N0) (Juliano, 2001). Hence 

the data were fitted to the following 

polynomial function that describes the 

relationship between Na / N0 and N0: 

 

 
 

Where, 

 

P0 = Intercept 

P1 = Linear coefficient 

P2 = Quadratic coefficient 

P3 = Cubic coefficient 

Na = Number of prey eaten 

N0 = Number of prey offered. 

 

The coefficients are estimated using the 

method of maximum likelihood. If P1> 0 and 

P2< 0, the proportion of prey consumed is 

positively density dependent, thus describing 

a type III functional response. If P1<0, the 

proportion of prey consumed declines 

monotonically with the initial number of prey 

offered, thus describing a type II functional 

response (Juliano, 2001). The coefficients of 

polynomial logistic regression were 

determined using the function “glm” in R 

software (R Development Core Team 2016). 

 

After the determination of type of functional 

response, the data were analysed by fitting 

Rogers’ Type II Random Predator Equation 

(Rogers, 1972) with the help of non-linear 

least square regression to determine the 

parameters of functional response. Rogers 

type II Random Predator Equation is given by 

 

Na = N0 (1- exp [a (Th Na – T)]) 

 

Where, 

 

Na = Number of prey eaten 

N0 = Number of prey offered 

a = attack rate 

Th= handling time 

T = time of confinement (24 hours) 

 

To determine the coefficients of attack rate 

and handling time using non-linear least 

square regression as suggested by Rogers 

(1972), the function “nls” provided by the R-

software was used (R Development Core 

Team 2016). 

 

After a and Th were determined for the 

original data (mt), the differences among a 

values, as well as Th values, were tested for 

significance by estimating the variance using 

the jackknife technique (Meyer et al., 1986). 

The Jackknife pseudo-value (mj) was 

calculated for the n samples using the 

following equations: 
 

mja = n.mta – (n–1)mia 

mjTh = n.mtTh – (n–1)miTh 
 

The mean values of (n–1) jackknife pseudo-

values for a and Th for each prey stage were 
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subjected to analysis of variance followed by 

Least Significant Difference Test (p ≤0.01) (R 

Development Core Team, 2016). 

 

Results and Discussion 

 

The prey consumption rate of the four 

predatory syrphids differed across species as 

well as among predatory instars (Figure 1). In 

general, Ep. balteatus consumed highest 

number of B. brassicae nymphs followed by 

Er. interruptus, S. scripta and Er. cerealis. 

The 3
rd

 instar larvae of all four predators 

consumed significantly higher proportion of 

the B. brassicae offered as compared to 2
nd

 

instar larvae. Third instar of Ep. balteatus was 

found to possess highest consumption (52.8 

aphids) closely followed by Er. Cerealis (46.2 

aphids), Er. Interruptus (38.6 aphids) and S. 

scripta (36.6 aphids). 

 

Logistic regression analysis yield a significant 

negative linear coefficient (P1<0) for both 

predatory stages of all the predators, 

suggesting a type II functional response 

towards B. brassicae (Table 1). As expected, 

proportion of prey consumed was higher at 

lower densities of prey offered and declined 

with increasing prey density. 

 

The prey consumption data were fitted to 

Random Predator equation to determine the 

coefficient of a and Th, estimates are 

presented in table 2 and 3, respectively. 

Among all predatory stages used, lowest Th 

was exhibited by 2
nd

 instar larvae of Er. 

cerealis followed by 3
rd

 instar larvae of Er. 

interruptus. Highest attack rate was possessed 

by 2
nd

 instar larvae of Ep. balteatus followed 

by 3
rd

 instar larvae of S. scripta. However, 

Jackknife technique revealed insignificant 

variation in attack rate of the four predators 

both for 2
nd

 instar (F=0.44, d.f.= 3,20, P= 

0.727) and 3
rd

 instar larvae (F= 0.60, d.f.= 

3,24, P= 0.618). The handling time was also 

found to show insignificant variation (F=1.56, 

d.f.= 3,20, P= 0.230 for 2
nd

 instars, and 

F=0.62, d.f.= 3,24, P= 0.607 for 3
rd

 instars).  

 

A perusal of the data on prey consumption 

rates of the predatory stages of all predator 

species indicated that the 3rd instar larvae 

consumed higher number of aphids. 

Bedddington et al., (1976) pointed out that 

variation in prey consumption rates could be 

expected from the between-instar differences 

that exist with respect to attack rate and 

handling time (parameters of functional 

response), and metabolic rate, which increases 

with development. The variation in prey 

consumption rates of a predator on various 

prey species is attributed to various factors 

such as prey mobility (Dixon, 2000), 

nutritional status (Thompson, 1999), 

suitability of the prey for the growth and 

reproduction of the predator (Shah and Khan, 

2014), effect of host plant (Sobhani et al., 

2013) etc. 

 

The syrphids associated with B. brassicae 

colonies were found to consume 

comparatively lower number of aphids as 

reported by other workers like Amoros-

Jimenez et al., (2012), Sobhani et al., (2013), 

Putra and Yasuda (2006), Amiri-Jami and 

Sadeghi-Namaghi (2014), Hopper et al., 

(2011), Dib et al., (2011), Short and Bergh 

(2004), and Singh and Singh (2013). The 

variation of prey consumption rates is 

attributed to several factors such as prey 

suitability (Shah and Khan 2014); predator 

and prey size (Putra and Yasuda, 2006; Short 

and Bergh, 2004); experimental conditions 

(Farhadi et al., 2010) and geographical 

variation (Dobzhannsky 1933). Amiri-Jami 

and Sadeghi-Namaghi (2014) and Khan et al., 

(2016) summarised the daily and complete 

larval period prey consumption of Ep. 

balteatus and other syrphid predator and 

reported that syrphids consume higher 

number of prey as compared to 

aphidophagous coccinellids, spiders, 
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anthocorids and Chrysoperla sp. The 

predatory response of various coccinellids to 

B. brassicae also revealed that syrphids have 

higher aphid consumption potential (Khan, 

2009; Shah and Khan, 2013). A type II 

functional response was displayed on B. 

brassicae by both instars of all four predatory 

species. This type of functional response is 

the most common functional response in 

insects and has been reported for many insect 

predators such as coccinellids (Shah and 

Khan, 2013). 

 

Table.1 Maximum likelihood estimates from logistic regression analysis of the proportion of 

prey (B. brassicae) eaten by different instars of Episyrphus balteatus, Eristalis interruptus, 

Eristalis cerealis and Spaerophoria scripta 

 

Predator  Instar Parameter  Estimate  Std. Error z value Pr(>|z|) 

 

 

 

 

Episyrphus 

balteatus 

 

 

2
nd

 

Intercept 2.760e+00   1.301e+00    2.121    0.0339 

Linear  -8.047e-02   8.850e-02   -0.909    0.3632 

Quadratic  7.718e-04   1.585e-03    0.487    0.6262 

Cubic  -2.919e-06   7.615e-06   -0.383    0.7014 

 

 

3
rd

  

Intercept 2.534e+00   7.341e-01    3.452 0.000557 

Linear  -5.699e-02   2.588e-02   -2.202 0.027696 

Quadratic  3.287e-04   2.375e-04    1.384 0.166415 

Cubic  -6.697e-07   5.790e-07   -1.156 0.247481 

 

 

 

 

Eristalis 

interruptus 

 

 

2
nd

 

Intercept 1.166e+00   8.968e-01    1.300     0.194 

Linear  -4.945e-02   6.666e-02   -0.742     0.458 

Quadratic  6.794e-04   1.246e-03    0.545     0.586 

Cubic  -3.431e-06   6.115e-06   -0.561     0.575 

 

 

3
rd

  

Intercept 2.225e+00   6.839e-01    3.254   0.00114 

Linear  -5.160e-02   2.461e-02   -2.096   0.03607 

Quadratic  2.996e-04   2.282e-04    1.313   0.18913    

Cubic  -6.237e-07   5.588e-07   -1.116   0.26440 

 

 

 

 

Eristalis  

cerealis 

 

 

2
nd

 

Intercept 9.287e-01   8.891e-01    1.044     0.296 

Linear  -2.019e-02   6.653e-02   -0.303     0.762 

Quadratic  1.299e-04   1.247e-03    0.104     0.917 

Cubic  -8.327e-07   6.124e-06   -0.136     0.892 

 

 

3
rd

  

Intercept 2.440e+00   7.066e-01    3.453 0.000555 

Linear  -6.074e-02   2.525e-02   -2.406 0.016129 

Quadratic  3.794e-04   2.331e-04    1.628 0.103561 

Cubic  -8.066e-07   5.697e-07   -1.416 0.156820 

 

 

 

Spaeroph-

oria scripta 

 

 

2
nd

 

Intercept 1.919e+00   1.044e+00    1.838    0.0661 

Linear  -6.016e-02   7.454e-02   -0.807    0.4196 

Quadratic  6.083e-04   1.368e-03    0.445    0.6566 

Cubic  -2.624e-06   6.655e-06   -0.394    0.6933 

 

 

3
rd

  

Intercept 2.785e+00   7.636e-01    3.647 0.000265 

Linear  -6.770e-02   2.669e-02   -2.537 0.011184 

Quadratic  4.264e-04   2.436e-04    1.751 0.079966 

Cubic  -8.976e-07   5.921e-07   -1.516 0.129508 

 



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2811 

 

Table.2 Estimates of attack rate (a) for various growth stages of Episyrphus balteatus, Eristalis 

interruptus, Eristalis cerealis and Spaerophoria scripta preying upon B. brassicae, for random 

predator equation 

 

Predator  Instar Estimate  Std. Error t value Pr(>|t|) 

Episyrphus 

balteatus 

2
nd

  0.20259     0.04550    4.452    0.0112 

3
rd

  0.06156     0.05320    1.157   0.29945 

Eristalis 

interruptus 

2
nd

  0.04653     0.03739    1.244     0.281 

3
rd

  0.02718     0.03771    0.721     0.503 

Eristalis  

cerealis 

2
nd

  0.02918     0.03834    0.761     0.489 

3
rd

  0.05576     0.04390    1.270   0.25990 

Spaerophoria 

scripta 

2
nd

  0.03425     0.04413    0.776     0.481 

3
rd

  0.13387     0.03302    4.055   0.00978 

 

Table.3 Estimates of handling time (Th) for various growth stages of Episyrphus balteatus, 

Eristalis interruptus, Eristalis cerealis and Spaerophoria scripta preying upon B. brassicae, for 

random predator equation 

 

Predator  Instar Estimate  Std. Error t value Pr(>|t|) 

Episyrphus 

balteatus 

2
nd

  0.65931     0.01244   52.980   7.6e-07 

3
rd

  0.53311     0.08469    6.295   0.00149 

Eristalis 

interruptus 

2
nd

  0.58034     0.20604    2.817     0.048 

3
rd

  0.43526     0.31018    1.403     0.219 

Eristalis  

cerealis 

2
nd

  0.43286     0.55304    0.783     0.478 

3
rd

  0.54172     0.08461    6.402   0.00138 

Spaerophoria 

scripta 

2
nd

  0.52205     0.46491    1.123     0.324 

3
rd

  0.54995     0.01060   51.876 5.03e-08 

 

Fig.1 Functional response of 2nd and 3rd instar larvae of Episyrphus balteatus, Eristalis 

interruptus, Eristalis cerealis and Sphaerophoria scripta to B.brassicae 
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However, in the case of syrphids, a variation 

in their functional responses has been 

observed, summarized by Hopper et al., 

(2011) and Khan et al., (2016). The 

differences in results from other studies may 

be due to several abiotic and biotic factors, 

including the ratio of predator to prey body 

size (Kalinkat et al., 2013). Despite this, 

although the four tested predator species vary 

in size considerably, they exhibited similar 

type of response to B. brassicae, so did the 

different growth stages of the predators. Van 

Lenteren and Baker (1976) attributed the 

higher incidence of type II functional 

responses to experimental arena sizes that are 

too small to provide the real encounter rate of 

predator–prey, especially at low prey 

densities.  

 

The coefficient of attack rate (a) and handling 

time (Th) were the parameters used to find out 

the magnitude of the functional responses 

exhibited by the predatory stages to B. 

brassicae. Their values differed for various 

growth stages of each predator and for the 

four predators, however the variation was 

found to be insignificant (Table 2, 3). The 

handling time is considered a good indicator 

of consumption rate and effectiveness of a 

predator because it reflects the cumulative 

effect of time taken during capturing, killing, 

subduing and digesting the prey (Shah and 

Khan, 2013). Thus, the current study revealed 

that the four predominant syrphid predators 

associated with B. brassicae colonies may 

contribute equally to regulating the aphid 

populations, particularly at lower densities 

owing to the fact that proportionate prey 

consumption declines with increasing pre 

density. 

 

References 

 

Allahyari, H., Fard, P., Nozari, J. 2004. 

Effects of host on functional response of 

offspring in two populations of Trissolcus 

grandis on the sunn pest. J. Appl. 

Entomol., 128: 39-43. 

Almohammad, R., Verheggen, F.J., 

Haubruge, E. 2009. Searching and 

oviposition behaviour of aphidophagous 

hoverflies (Diptera: Syrphidae): a review. 

Biotechnol. Agron. Soc. Environ., 13: 

467–481. 

Amiri-Jami, A.R., Sadeghi-Namaghi, H. 

2014. Responses of Episyrphus balteatus 

DeGeer (Diptera: Syrphidae) in relation 

to prey density and predator size. J. Asia-

Pacific Entom., 17: 207–211. 

Amorós-Jiménez, R., Pineda, A., Fereres, A., 



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2813 

 

Marcos-García, M.Á. 2012. Prey 

availability and abiotic requirements of 

immature stages of the aphid predator 

Sphaerophoria rueppellii. Biol. Cont., 63: 

17–24. 

Ankersmit, G.W., Dijkman, H., Keuning, 

N.J., Mertens, H., Sins, A., Tacoma, 

H.M. 1986. Episyrphus balteatus as a 

predator of aphid Sitobion avenae on 

winter wheat. Entomol. Exp. Appl., 42: 

271–277. 

Asante, S.K. 1997. Natural enemies of the 

woolly apple aphid, Eriosoma lanigerum 

(Hausmann. (Hemiptera: Aphididae): a 

review of the world  literature. Plant 

Prot. Quart., 12: 166-172. 

Beddington, J.R., Hassel, M.P., Lawton, J.H. 

1976. The components of arthropod 

predation-II. The predator rate of 

increase. J. Animal Ecol., 45: 165-185. 

Bhatia, H. L. and Shaffi, M. 1933. Life 

histories of some Indian syrphidae. 

Indian J. Agri. Sci., 2(6): 543-570. 

Brewer, M.J., Elliott, N.C. 2004. Biological 

control of cereal aphids in North America 

and mediating effects of host plant and 

habitat manipulations. Ann. Rev. Entom., 

49: 219–242. 

Brown, M.W., Schmitt, J.J. 1994. Population 

dynamics of woolly apple aphid 

(Homoptera: Aphididae. in West Virginia 

apple orchards. Environ. Entomol., 23: 

1182-1188. 

Campbell, R.E. and Davidson, W.M. 1924. 

Notes on aphidophagous syrphidae of 

Southern California. Bulletin of Southern 

California Academic Sci., 24: 1-14. 

Chamber, R.J. 1968. Preliminary experiments 

on the potential of hover flies (Diptera: 

Syrphidae. for the control of aphids under 

glass house. Entomophaga, 31: 197-200. 

Chambers, R.J. 1988. Syrphidae. In:Minks, 

A.K., Harrewijn, P. (Eds.), Aphids, Their 

Biology, Natural Enemies, and Control. 

Elsevier, Amsterdam, The Netherlands, 

pp. 259–270. 

Chambers, R.J., Adams, T.H.L. 1986. 

Quantification of the impact of hoverflies 

(Diptera: Syrphidae. on cereal aphids in 

winter wheat: an analysis of field 

populations. J. Appl. Ecol., 23: 895–904. 

DeClercq, .P, Mohaghegh, J., Trriy, L. 2000. 

Effect of host plant on the functional 

response of the predator Podisus 

nigrispinus (Heteroptera: Pentatomidae). 

Biol. Cont., 18: 65–70. 

Devi, Y.R., Kalita, J., Singh, T.K. 2011. 

Biological control potential of an 

aphidophagous syrphid Episyrphus 

balteatus DeGeer (Diptera: Syrphidae. on 

mustard aphid, Lipaphis erysimi (Kalt.. 

(Homoptera: Aphididae. on cabbage 

ecosystem in Manipur. J. Exp. Sci., 2(12): 

13-16. 

Dib, H., Jamont, M., Sauphanor, B., 

Capowiez, Y. 2011. Predation potency 

and intraguild interactions between 

generalist (Forficula auricularia. and 

specialist (Episyrphus balteatus. 

predators of the rosy apple aphid 

(Dysaphis plantaginea. Biol. Cont., 59: 

90–97. 

Dib, H., Simon, S., Sauphanor, B., Capowiez, 

Y., 2010. The role of natural enemies on 

the population dynamics of the rosy apple 

aphid, Dysaphis plantaginea Passerini 

(Hemiptera: Aphididae. in organic apple 

orchards in south-eastern France. Biol. 

Cont., 55: 97–109. 

Dixon, A.F.G. 2000. Insect Predator-Prey 

Dynamics; Ladybird Beetles and Biol. 

Control. Cambridge University Press. 

Cambridge. p.275. 

Dobzhansky, T. 1933. Geographical variation 

in ladybeetles. Am. Nat., 67: 97-126. 

doi:10.1086/280472. 

Evenhuis, H.H. 1959. Cnemodon vitripennis 

(Meig.. as a predator of the woolly apple 

aphid, Eriosoma lanigerum (Hausm.). 

Entomol. Berichten, 19: 238-240. 

Evenhuis, H.H. 1960. Observations and 

experiments on the enemies of aphids, 



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2814 

 

that are harmful for apple growing in 

Nova Scotia, in relation to the modiÞed 

spray program of Dr. A. D. Pickett. 

Institute of Phytopathological Research, 

Wageningen, The Netherlands. Research 

Report No. 7. 

Farhadi, R., Allahyari, H., Juliano, S.A. 2010. 

Functional response of larval and adult 

stages of Hippodamia variegata 

(Coleoptera: Coccinellidae. to different 

densities of Aphis fabae (Hemiptera: 

Aphididae). Environ. Entomol., 39: 

1586–1592. 

Flinn, P.W., Hover, A.A., Taylor, R.H.J. 

1985. Preference of Reduviolus 

americoferus (Hemiptera: Nabidae. for 

the potato leafhopper nymphs and pea 

aphids. Can. Entomol., 117: 1503–1508. 

Freier, B., Triltsch, H., Mowes, M., Moll, E. 

2007. The potential of predators in 

natural control of aphids in wheat: results 

of a ten-year field study in two German 

landscapes. BioControl, 52: 775–788. 

Ghorpade, K.D. 1981. Insect prey of 

syrphidae (Diptera. from India and 

neighbouring countries: A review of 

bibliography. Tropical Pest Management, 

27: 62-82. 

Gresham, S.D.M., Charles, G., Sandanayaka, 

M.W.R. and  Bergh, J.C. 2013. 

Laboratory and field studies supporting 

the developmentof Heringia calcarata as a 

candidate biological control agent for 

Eriosoma lanigerum in New Zealand. 

BioControl, 58: 645–656. 

Haenke, S., Scheid, B., Schaefer, M., 

Tscharntke, T., Thies, C. 2009. 

Increasing syrphid fly diversity and 

density in sown flower strips within 

simple vs. Complex landscapes. J. App. 

Ecol., 46: 1106–1114. 

Holdsworth, R.P. 1970. Aphids and aphid 

enemies: effect of integrated control in an 

Ohio apple orchard. J. Econ. Entomol., 

63: 530-535. 

Holling, C.S. 1966. The functional response 

of invertebrate predators to prey density. 

Mem Entom. Soc. Can., 48: 1-86. 

Holling, C.S. 1959. Some characteristics of 

simple types of predation and parasitism. 

Can. Entom., 9: 385-398. 

Hopper, J.V., Nelson, E.H., Daane, K.M., 

Mills, N.J. 2011. Growth, development 

and consumption by four syrphid species 

associated with the lettuce aphid, 

Nasonovia ribisnigri, in California. Biol. 

Cont., 58: 271–276. 

Juliano, S.A. 2001. Non-linear curve fitting: 

Predation and functional response curves. 

In: Design and Analysis of Ecological 

Experiments, 2nd edition, S.M., Scheiner 

and J., Gurevitch, (Eds.). Chapman and 

Hall, New York, pp. 178-196. 

Kalinkat, G., Schneider, F.D., Digel, C., 

Guill, C., Bjorn, C., Rall, B.C., Brose, U. 

2013. Body masses, functional responses 

and predator–prey stability. Ecol. Lett., 

16: 1126–1134.  

Khan, A.A. 2009. Functional response of 

Adalia tetraspilota (Hope. (Coleoptera: 

Coccinellidae. on cabbage aphid, 

Brevicoryne brassicae (L). (Homoptera: 

Aphididae). J. Biol. Contr., 23: 243-248. 

Khan, A.A. and  Zaki, F.A. 2008. Predatory 

responses of Chrysoperla carnea 

(Stephens. (Neuroptera: Chrysopidae. on 

Euonymus aphid, Aphis fabae solanella 

Theobald (Homoptera: Aphididae. in 

Kashmir. J. Biol. Control. 22(1): 149-

154. 

Khan, A.A. and R.A. Mir. 2009. Functional 

response of four predaceous coccinellids 

Adalia tetraspilota (Hope), Coccinella 

septempunctata (L.), Calvia punctata 

(Mulsant. and Hippodamia variegata 

(Goeze. feeding on the green apple aphid, 

Aphis pomi  De Geer (Homoptera: 

Aphididae). J. Biol. Control, 22(2): 291-

298. 

Khan, A.A., Zaki, F.A., Zakir, H. Khan and R. 

A. Mir. 2009. Biodiversity of predacious 

ladybird beetle (Coleoptera: Coccinellidae. 



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2815 

 

in Kashmir. J. Biol. Control, 23(1): 43-

47. 

Khan, A.A. 2010a. Exploitation of Chilocorus 

infernalis Mulsant (Coleoptera: 

Coccinellidae. for suppression of the 

SanJose scale, Quadraspidiotus 

perniciosus (Comstock. (Homoptera: 

Diaspididae. in apple orchards. J. Biol. 

Control. 

Khan, A.A. 2010d. Stage-specific functional 

response of predaceous ladybird beetle, 

Harmonia eucharis (Mulsant. 

(Coleoptera: Coccinellidae. to green 

apple aphid, Aphis pomi De Geer 

(Hemiptera: Aphididae). J. Biol. Control, 

24(3): 222–226. 

Khan, A.A. and Mir, R.A. 2008. Functional 

response of four predaceous coccinellids 

Adalia tetraspilota (Hope), Coccinella 

septempunctata (L.), Calvia punctata 

(Mulsant. and Hippodamia variegata 

(Goeze. feeding on the green apple aphid, 

Aphis pomi De Geer (Homoptera: 

Aphididae). J. Biol. Control, 22: 291-

298. 

Khan, A. A., M.A. Shah and Majid S. 2016. 

Functional response of four syrphid 

predators associated with green Apple 

aphid (Hemiptera: Aphididae. in 

Laboratory. J. Economic Entomol., 

109(1): 78-83.  

Kotwal, D.R., Bhalla, O. P. and Verma, A. K., 

1984, Natural enemies of the cabbage 

aphid, B. brassicae (L.. in the mid hill 

regions of Himachal Pradesh. Indian J. 

Agri. Sci., 54: 1011-1012. 

Kotwal, D.R., Bhalla, O. P. and Verma, A. K., 

1989. Biology and predacious efficiency 

of syrphid species on cabbage aphid, B. 

brassicae. Res. Develop. Reports, 6 (1): 

22-25. 

Makhmoor, H.D. and Verma, A.K. 1989. 

Syrphid species and their predation 

potential on cabbage aphid (B. brassicae. 

in mid hill regions of Himachal Pradesh. 

Indian J. Plant Protection, 17: 35-38. 

Meyer, J.S., Ingersoll, C.G., Mcdonald, L.L., 

Boyce, M. 1986. Estimating uncertainty 

in population growth rates: jackknife vs. 

bootstrap techniques. Ecol., 67: 1156-

1166. 

Moezipour, M., Kafil, M., Allahyari, H. 2008. 

Functional response of Trichogramma 

brassicae at different temperatures and 

relative humidities. Bull. Insectol., 61: 

245–250. 

Mushtaq, T. and. Khan, A.A. 2010a. 

Functional and aggregational response of 

Chrysoperla carnea (Stephens. 

(Neuroptera: Chrysopidae. to different 

densities of Bravicoryne brassicae 

(Homopetera: Aphididae). J. Biol. 

Control, 24: 28-34. 

Mushtaq, T. and. Khan, A.A. 2010b. 

Functional Response of Chrysoperla 

carnea (Stephens. (Neuroptera: 

Chrysopidae. to different densities of 

Aphis craccivora Koch and Aphis pomi 

De Geer (Homopetera: Aphididae). 

Indian J. Agri. Sci., 80(1): 93-95. 

Putra, N.S., Yasuda, H. 2006. Effects of prey 

species and its density on larval 

performance of two species of hoverfly 

larvae, Episyrphus balteatus de Geer and 

Eupeodes corollae Fabricius (Diptera: 

Syrphidae). Appl. Entomol. Zool., 41(3): 

389–397. 

Development Core Team. 2016. A language 

and environment for statistical 

computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL 

http://www.R-project.org. 

Rogers, D. 1972. Random search and insect 

population models. J. Anim. Ecol., 41: 

369–383. 

Rotheray, G.E. 1983. Feeding behaviour of 

Syrphus ribesii and Melanostoma scalare 

on Aphis fabae. Entomol. Exp. Appl., 34: 

148–154. 

Rotheray, G.E. 1989. Aphid predators. 

Naturalists' Handbook, The Richmond 

Publishing Co. Ltd., Slough. 

http://www.r-project.org/


Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2806-2816 

2816 

 

Roy, P. and Basu, S.K. 1977. Bionomics of 

aphidophagous syrphid flies. Indian J. 

Entomol., 39(2): 165-174. 

Sadeghi, H., Gilbert, F. 2000. Oviposition 

preferences of aphidophagous hoverflies. 

Ecol. Entomol., 25: 91–100. 

Sadeghi, H., Gilbert, F. 1999. Individual 

variation in oviposition preference, and 

its interaction with larval performance, in 

an insect predator. Oecologia, 118: 405–

411. 

Schneider, F. 1969. Bionomics and 

physiology of aphidophagous syrphidae. 

Annual Rev. Entomol., 14: 103-124. 

Shah, M.A., Khan, A.A. 2013. Functional 

response- a function of predator and prey 

species. The Bioscan, 8: 751-758. 

Shah, M.A., Khan, A.A. 2014. Qualitative 

and quantitative prey requirements of two 

aphidophagous coccinellids, Adalia 

tetraspilota and Hippodamia variegata. 

J. Insect Sci., 14(72). Available online: 

http://www.insectscience.org/14.72. 

Sharma, K.C. and Bhalla, O.P. 1991. 

Predatory potential of syrphids species on 

different aphids of cruciferous crops in 

the mid hill regions of Himachal Pradesh. 

Indian J. Plant Protection, 19: 73-75. 

Short, B.D., Bergh, J.C. 2004. Feeding and 

Egg Distribution Studies of Heringia 

calcarata (Diptera: Syrphidae), a 

Specialized Predator of Woolly Apple 

Aphid (Homoptera: Eriosomatidae. in 

Virginia Apple Orchards. J. Econ. 

Entomol., 97: 813-819. 

Singh, K. 2013. Preying propensity of 

larvae/grubs of syrphid and coccinellid 

predators on mustard aphid, Lipaphis 

erysimi (Kalt.). Int. J. Agr. Foods Sci. 

Tech., 4: 687-694. 

Singh, K., Singh, N.N. 2013. Preying capacity 

of different established predators of the 

aphid Lipaphis erysimi (Kalt.. infesting 

rapeseed-mustard crop in laboratory 

conditions. Plant Protect Sci., 49: 84–88. 

Sobhani, M., Madadi, H., Gharali, B. 2013. 

Host plant effect on functional response 

and consumption rate of Episyrphus 

balteatus (Diptera: Syrphidae. feeding on 

different densities of Aphis gossypii 

(Hemiptera: Aphididae). J. Crop Prot., 2: 

375–385. 

Tamaki, G., Landis, B.J. and Weeks, R.E. 

1967. Autumn population of green peach 

aphid on peach trees and the role of 

syrphid fly in their control. J. Economic 

Entomol., 60: 433-436. 

Thompson, S.N. 1999. Nutrition and culture 

of entomophagous insects. Annual Rev. 

Entom., 44: 561-592. 

Van Lenteren, J.C., Baker, K. 1976. 

Functional response in invertebrates. 

Neth. J. Zool., 26: 567–572. 

 

How to cite this article:  

 

Akhtar Ali Khan. 2017. Functional Response of Four Syrphid Predators Associated with Mealy 

Cabbage Aphid, Brevicoryne brassicae L. on Cruciferous Vegetables. 

Int.J.Curr.Microbiol.App.Sci. 6(7): 2806-2816. doi: https://doi.org/10.20546/ijcmas.2017.607.391 
 

 

http://www.insectscience.org/14.72
https://doi.org/10.20546/ijcmas.2017.607.391

