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Introduction

exclusion techniques, such as cages, are the most fre-
quently used means of evaluating the efficiency of natural 
enemies in suppressing the abundance of their prey (luck 
et al. 1988; kindlmann and Dixon 2010). The growth 
rates and peak densities of aphid populations within 
cages are usually larger than those in uncaged popula-
tions (e.g., chambers et al. 1983; elliott and kieckhefer 
2000; michels et al. 2001; Basky 2003; cardinale et al. 
2003; schmidt et al. 2003). however, cages change the 
microenvironment (hand and keaster 1967), especially 
temperature, which is thought to be important in deter-
mining the outcome of predator-prey interactions (Frazer 
and gilbert 1976; Frazer et al. 1981). 

cages prevent aphids from emigrating, which is 
their usual response to high density (Dixon 1998, 2005; 
kindlmann and Dixon 2010). gardiner et al. (2009) 
show that after 14 days of caging there are an average 
of 20.7 ± 1.4 alates per plant within exclusion cages but 
only 1.8 ± 0.1 alates per plant in un-caged plots. inter-
estingly, when only polythene enclosures, 60 cm high, 
buried to a depth of 30 cm, and not cages, were used, 
which do not affect the microenvironment of the ma-
nipulated plots, allow aphids to emigrate, but exclude 
ground predators, there was no difference in the num-
ber of grain aphids in control plots and those where the 
number of ground predators were reduced (holland et 
al. 1996). 

attempts to avoid the change in the microenviron-
ment by using cages with a  large (8 mm) mesh size 
(schmidt et al. 2003) do not reduce predator densities 
within cages (kindlmann and Dixon 2010). The ques-

tion arises, whether this is because some inconspicuous 
predator stages tend to be overlooked when setting up 
the cages, or whether predators penetrate into such cages 
during the experiment. We hypothesize that the latter is 
the case and test this using a small version of cages used 
by schmidt et al. (2003).

Material and methods

The aphid (Acyrthosiphon pisum), was obtained from 
stock cultures, which were reared on broad beans, in con-
trolled conditions, at 25 ± 1 °c and a 16l : 8D photope-
riod. individuals of different aphidophagous coccinellid 
species were collected in the field (table 1).

Table 1 species released outside the cage.

Species Number Size (mm)

Adalia bipunctata 15 3.5–5.5

Harmonia axyridis  8 7–8

Calvia quattuordecimguttata  1 4.5–6

Adonia variegata  1 3–5.5

The experiment was performed in a climatic cham-
ber (25 ± 1 °c and 16l : 8D photoperiod). a tray was 
prepared with five pots each containing four bean plants, 
with a pot in each corner and one in the centre, the space 
between the pots was filled with soil (Fig. 1). The plants in 
the centre pot were each infested with 20 aphids. The cen-
tre pot was protected from predators by a cage, 20 cm in 
diameter and 50 cm in height, covered with 8 mm mesh 
sprayed with entomological glue.
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AbstrAct

exclusion techniques, such as cages, are the most frequently used means of evaluating the efficiency of natural enemies in suppress-
ing the abundance of their prey. the growth rates and peak densities of aphid populations within cages are usually larger than those in 
uncaged populations. However, cages change the microenvironment and prevent aphids from emigrating. attempts were made to avoid 
the change in the microenvironment by using cages with a large (8 mm) mesh. Here we test the hypothesis that because of the large 
mesh size, predators can easily penetrate into such cages during an experiment. our results have shown that cages with a large (8 mm) 
mesh size do not prevent predators from entering the cages and therefore cannot be used as “exclusion cages” for measuring the effect of 
predators on aphid numbers. other methods of assessing the effectiveness of natural enemies in reducing the abundance of their prey, 
like removing the predators or direct observations, should be used instead.
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The coccinellids were released in the climatic chamber 
outside the centre cage and observations recorded at 0.5 h 
and 24 h after their release to determine if the predators 
entered the centre cage.

results

The observations are summarized in table 2. only 1 of 
25 ladybirds became entangled in the glue sprayed on the 
mesh enclosing the centre cage. after 24 hours almost 
one half (12 out of 25) of the ladybirds had entered the 
centre cage – so the glue did not prevent them from en-
tering. During the observations several individuals were 
seen entering then leaving and re-entering the cage, but 
the frequency with which this occurred was not recorded. 
proportionally more small than large individuals were re-
corded in the cage after 24 hours (Fig. 2). however, even 
the largest individuals were able to enter the cage (Fig. 2).

Table 2 summary of the observations recorded 0, 0.5 and 24 hours 
after the start of the experiment.

Time (h) Observations

0 – Predators released

0.5 – Adonia variegata inside the cage

24 inside the cage:
 – 9 out of 15 Adalia bipunctata 
 – 2 out of 8 Harmonia axyridis 
 – 1 out of 1 Calvia quattuordecimguttata 
outside the cage:
 – 5 out of 15 Adalia bipunctata 
 – 6 out of 8 Harmonia axyridis 
 – 1 out of 1 Adonia variegata
stuck to the cage:
 – 1 out of 15 Adalia bipunctata

Discussion

our results have shown that cages with a large (8 mm) 
mesh size, as used by schmidt et al. (2003), do not pre-
vent predators from entering the cages and therefore 
cannot be used as “exclusion cages” for measuring the 

effect of predators on aphid numbers. other methods of 
assessing the effectiveness of natural enemies in reduc-
ing the abundance of their prey, like removing the preda-
tors (kindlmann et al. 2005) or direct observations like 
those in costamagna and landis (2007), should be used 
instead.
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Fig. 1 experimental setup. Fig. 2 numbers of coccinellids of different sizes released outside 
the centre cage and the numbers of the different size classes that 
entered the cage.
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