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After 24 h, a mean of 26% of the mites had left the sap-

ling in the control treatment without predators. A greater

percentage of mites left the sapling in the presence of C.

septempunctata adults (75.7%) than in the presence of H.

axyridis (54.0%) (F2,83 = 3.32, P = 0.041) (Fig. 2). No dif-

ference was recorded between observed (66.8%) and

expected (64.3%) mean proportion of mites that left the

plant in the heterospecific treatment (Wilcoxon, Z = 0.38,

P = 0.702). After 24 h, only 5.4% of the aphids had left

the plant in the control treatment. In the presence of adult

coccinellids, the percentage of aphids that left the apple

sapling was similar among the different treatments (F2,74 =

0.01, P = 0.993). As with mites, expected (15.4%) and

observed (18.2%) percentages of aphids leaving the plant

for the heterospecific treatment were similar (Wilcoxon,

Z = 0.33, P = 0.735).

Prey consumption and vertical distribution on apple

trees

In monospecific treatments, C. maculata was recorded

at a mean height of 0.562 m ± 0.055 (X ± SE), C. septem-

punctata at 1.347 m ± 0.069 and finally H. axyridis at

1.578 m ± 0.069. All heights were significantly different

(F2,43 = 68.81, P < 0.001). The height position of the coc-

cinellids were not affected by the presence of the others

species; C. septempunctata (F3,58 = 0.82, P = 0.491), C.

maculata (F3,60 = 0.23, P = 0.892) and H. axyridis (F3,59 =

1.64, P = 0.191) (Table 1).

Considering the entire apple tree, in monospecific treat-

ments, C. septempunctata and H. axyridis consumed

more aphids than C. maculata (F6,103 = 22.68, P < 0.001)

(Fig. 3). The presence of H. axyridis or C. septempunc-

tata in the same tree as C. maculata significantly

increased the number of aphids consumed by the guild

compared to the trees where C. maculata occurred alone.

Considering each vertical level, this pattern was observed

in high (F6,103 = 13.21, P < 0.001) and medium height

(F6,103 = 7.85, P < 0.001) in the tree (Fig. 4). No differ-

ence was observed at the lower height (F6,103 = 7.38, P <

0.001; LSD P > 0.05) (Fig. 4). At all levels, the presence

of both C. septempunctata and H. axyridis in the tree did

not significantly affect the number of aphids consumed,

compared to trees where only C. septempunctata or only

H. axyridis occurred. Finally the trispecific combination
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Fig. 1. Mean number of prey consumed by adult coccinellids

in 24 h on apple saplings. C. 7 = Coccinella septempunctata, H.

ax. = Harmonia axyridis. Different letters indicate a significant

difference among the different combinations of coccinellids for

the same prey (P < 0.05).

Fig. 2. Mean percentage of prey that had left the apple sapling

after 24 h. C. 7 = Coccinella septempunctata, H. ax. = Har-

monia axyridis. Different letters indicate a significant difference

among the different combinations of coccinellids for the same

prey (P < 0.05).

* C. 7 = Coccinella septempunctata, H. ax. = Harmonia axy-

ridis, C. mac. = Coleomegilla maculata.

** S.E. = Standard Error

*** Different letters indicate significant differences between

means in the same subsection (for one coccinellid species)

(ANOVA, = 0.05).

 0.09 (a)1.513 species

 0.08 (a)1.6H. ax. + C. mac.

 0.09 (a)1.37H. ax. + C. 7

 0.06 (a)1.58H. axyridis

Harmonia axyridis

 0.13 (a)0.633 species

 0.14 (a)0.68C. mac. + H. ax.

 0.14 (a)0.7C. mac. + C. 7

 0.05 (a)0.56C. maculata

Coleomegilla maculata

 0.14 (a)1.363 species

 0.09 (a)1.37C. 7 + H. ax.

 0.09 (a)1.18C. 7 + C. mac.

        0.07 (a)*** 1.35C. septempunctata

Coccinella septempunctata

   S.E. **Mean

Coccinellid vertical position (m)Treatments*

TABLE 1. Mean vertical position of adult coccinellids on

apple trees.



generated a stronger impact on aphid populations than the

C. maculata treatment at each height.

DISCUSSION

We draw three primary conclusions from our experi-

ments. First, the replacement of C. maculata adults or C.

septempunctata adults by H. axyridis adults did not

reduce the impact of the coccinellids on spider mites or

on aphids. Second, mite dispersal from plants was lower

in the presence of H. axyridis than in the presence of C.

septempunctata. Third, in our short-term experiment, nei-

ther C. maculata nor C. septempunctata modified their  

vertical distribution on apple trees in response to the pres-

ence of H. axyridis.

In our study, adults of H. axyridis or adults of hetero-

specific combinations consumed more mites than did C.

septempunctata adults. Furthermore, more mites were

consumed by adults in heterospecific combination than

expected, suggesting that some kind of facilitation or

stimulation may have occurred. In apple orchards, several

mite species including the two spotted spider mites, T.

urticae, and the European red mites, Panonychus ulmi

(Koch), can become important pests (Van de Vrie, 1985).

Among large coccinellids, several species attack these

mites but, except for C. maculata, mites appear to consti-

tute a low-quality prey (Putman, 1957; Lucas et al.,

1997b, 1998b). Previous studies on C. septempunctata

and H. axyridis have shown that both species can con-

sume mites but have a significant preference for aphids

(Lucas et al., 1997b). Furthermore, despite its large size,

C. septempunctata had a very low voracity confirming its

inefficiency as a biological control agent against T.

urticae (Lucas et al., 1997b) and P. ulmi (Lucas et al.,

1998b). Thus, the arrival of H. axyridis may possibly

improve the control of mites but only during periods of

aphid scarcity.

Our results also revealed that replacing C. maculata

adults with H. axyridis adults improved the impact of

coccinellids on aphid populations in apple trees, and that

replacing C. septempunctata by H. axyridis improved or

maintained their impact. These results were consistent

among the different heights in the tree. The overall

voracity of the coccinellid assemblage was probably

enhanced when H. axyridis was included because of the

greater voracity of this species. Moreover, the number of

aphids consumed by adults in heterospecific combination

was as expected, suggesting that no unusually strong

exploitative interspecific competition (i.e., superior to

intraspecific competition between two individuals)

occurred between C. septempunctata and H. axyridis. The

three coccinellid species are primarily aphidophagous and

prey on numerous aphid species in natural and agricul-

tural systems (Blackman, 1965 ; Hodek, 1973; Angalet et

al., 1979 ; Lucas, 1994). Thus, because of their preference

for aphids which constitute their essential food source

(allowing egg maturation and complete development), the

arrival of H. axyridis may have a greater impact on aphid

than on mite control.

Adults of C. septempunctata caused greater mite dis-

persal from the plants than did H. axyridis adults. Aphids

responded similarly to both predators. Prey dispersal as a

defensive response to predation has been poorly studied

but may be important from a biological control perspec-

tive (Roitberg & Myers, 1978, 1979; Roitberg et al.,

1979; Evans, 1991). One should believe that a predator

with a low capture success and a high disturbing effect

may generate a strong dispersal response effect of the

prey without significantly reducing prey number. Since C.

septempunctata has a low efficacy on mites, its overall

effect may be to propagate the infestation in other parts of

the plant or of the crop. Furthermore, by dispersing prey,

the predator may reduce the local densities of mites such

that the consequent numerical and functional response of

other predators could be delayed or weaken. In our situa-

tion, H. axyridis consumed more mites than did C. sep-

tempunctata and generated less dispersal by the mites,

indicating greater potential of this beetle against this prey.
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Fig. 3. Mean number of prey consumed by adult coccinellids in 24 h on the entire apple tree, (all vertical levels pooled). C. 7 =

Coccinella septempunctata, H. ax. = Harmonia axyridis, C. mac. = Coleomegilla maculata. For details about the treatments, see

Material and Methods section. Different letters indicate a significant difference among the different combinations of coccinellids (P

< 0.05).



These results should be confirmed in field or semi-field

experiments.

In our short-term study, the mean vertical position of H.

axyridis in the tree was different from those of the other

species. Such different vertical positions may reduce

potential interaction; in addition, in the fields the three

species exploit a considerable array of different habitats

(Angalet et al., 1979; Mareida et al., 1992; LaMana &

Miller, 1996; Colunga-Garcia & Gage, 1998; Obrycki et

al., 1998). According to our results and also to the fact

that C. maculata is mainly encountered in the herbaceous

stratum (Coderre & Tourneur, 1986), competition

between H. axyridis and C. maculata should be less

important than between H. axyridis and C. septempunc-

tata. In maize, while some other indigenous species such

as Hippodamia tredecimpunctata tibialis (Say) were
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Fig. 4. Mean number of prey consumed by adult coccinellids in 24 h on apple tree, at upper, medium and lower level. C. 7 = Coc-

cinella septempunctata, H. ax. = Harmonia axyridis, C. mac. = Coleomegilla maculata. For details about the treatments, see Mate-

rial and Methods section. Different letters indicate a significant difference among the different combinations of coccinellids (P <

0.05).
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