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Abstract. The potential of three aphidophagous predators,Adalia bipunctata, Aphidoletes
aphidimyza, andEpisyrphus balteatusto control the rosy apple aphid,Dysaphis plantaginea
Pass., a major pest on apple in Europe, was assessed by means of laboratory and field cage
experiments in Northern Switzerland. Under laboratory conditions, all three predators effi-
ciently preyed uponD. plantagineaon apple seedlings. The searching success of larvae of
A. bipunctatafor individual aphids was not dependent on the size of branches of apple trees
varying in leaf surface area from 150 cm2 to 960 cm2. Fifty and 70% of individual aphids
were found and killed 6 hours and 48 hours, respectively, after release of single second instar
larva ofA. bipunctata. In a first field cage experiment in 1996,A. bipunctata, and to a lesser
extentE. balteatus, proved to be effective and consistent predators ofD. plantagineaduring
spring conditions, being little affected by cool temperatures and wet weather. In a subsequent
field cage experiment in 1997, larvae ofA. bipunctataandE. balteatuswere released singly
and in combination on aphid infested apple seedlings to study interactions between these two
promising control agents. Both species had a significant negative effect on aphid population
increase. The two species did not significantly interact and thus, their joint effect is best
explained by an additive model. Combined releases of the two predator species reduced aphid
densities to 5% of the control. This indicates the potential for augmentative releases of these
native aphid predators to controlD. plantaginea.
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Introduction

In Switzerland, the rosy apple aphid,Dysaphis plantagineaPass.
(Homoptera: Aphididae), is a major pest, of growing importance, in apple
orchards (Graf et al., 1998). This species of aphid often causes irreversible
damage to leaves, branches, and fruits and is responsible for severe losses of
yield (Graf, 1984).

In recent years, increasing levels of resistance to certain insecticides has
stimulated an increased interest in new control strategies. As an indirect con-
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trol strategy, naturally occurring predators of aphids can be encouraged by
sowing strips of flowering plants in apple orchards (Wyss, 1995). This so-
called weed strip-management contributes to the control of aphids in years of
low or moderate aphid abundance. However, in years of high aphid density,
these naturally occurring predators fail to reduce aphid abundance below the
economic threshold of a single fundatrix per 50 buds (Anonymous, 1977).
The objective of our study was to identify which of the indigenous species of
predator could be used for augmentative releases to complement the impact
of the naturally occuring predators of aphids.

A large number of predators have been recorded in association with apple
aphids (Carroll and Hoyt, 1984; Bouchard et al., 1986; Hagley and Allen,
1990), but only a few of them have been assessed for augmentative or inunda-
tive release. Chrysopids and a predatory cecidomyiid fly released against the
green apple aphid,Aphis pomiDeGeer (Homoptera: Aphididae), in Cana-
dian and American orchards have given contradictory results (Bouchard et
al., 1988; Hagley, 1989; Grasswitz and Burts, 1995). The first two studies
reported successful control whereas these predators had no effect on the
abundance of the aphids in the third study. Unfortunately, the reasons for
success or failure in these experiments were not analysed in detail.

In order to standardize environmental effects, we first performed release
trials on apple seedlings under laboratory and semi-field conditions. The
effectiveness of three native predators,Adalia bipunctata(L.) (Coleoptera:
Coccinellidae),Aphidoletes aphidimyzaRondani (Diptera: Cecidomyiidae),
and Episyrphus balteatus(DeGeer) (Diptera: Syrphidae) in capturing and
eatingD. plantagineaand in reducing the number of aphids under spring
climatic conditions was assessed. In 1996, the following questions were
addressed: (1) Do larvae ofA. bipunctata, A. aphidimyza, andE. balteatus
prey onD. plantagineaunder laboratory conditions? (2) How efficiently do
the three predators controlD. plantagineaunder semi-field spring conditions?
In 1997, subsequent trials under laboratory and semi-field conditions were
carried out to answer the following additional questions: (1) Does the preda-
tory success of the most effective predator,A. bipunctata, depend on the total
leaf area and the initial distance between larva and aphid, when searching
for a single individual ofD. plantaginea? (2) Do larvae ofA. bipunctataand
E. balteatusdifferentially affect the build-up of populations ofD. planta-
ginea? (3) Do larvae ofA. bipunctataandE. balteatusinteract in controlling
colonies ofD. plantagineawhen released together or is their joint effect
additive?
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Material and methods

Laboratory trial (1996)

In 1996, the efficiency ofA. bipunctata, A. aphidimyza, and E. balteatus
as predators of the rosy apple aphidD. plantagineawas assessed under
controlled conditions (temperature 20◦C, humidity 70 to 80%, light cycle
16L:8D) on 6 week old apple seedlings (cv. Golden Delicious) in the labora-
tory. Aphidoletes aphidimyzawas provided by Andermatt Biocontrol AG and
A. bipunctataandE. balteatusby the insectary of the Faculté Universitaire
des Sciences agronomiques of Gembloux, Belgium. Larvae of the three pre-
dators were reared and fed ‘ad libitum’ with pea aphids,Acyrthosiphon pisum
(Harris) (Homoptera: Aphididae), before using them for the tests. The tests
were carried out on individual apple seedlings growing in automatically
irrigated plastic containers. Each seedling was placed in an acrylic cylinder
(0.25 m in diameter, 0.4 m height). Apple seedlings were infested with two
adult fundatrices ofD. plantaginea. After 24 hours one of the following 7
treatments was applied: 3 days old eggs laid on paper or plant material (sep-
arately for each of the three predators) were glued to a leaf of each of the
seedlings (three treatments), second instar larvae (again, separately for each
predator) were transferred to each seedling using a paint brush (three treat-
ments), or the aphids were left without predators (control treatment). Both
eggs and larvae were supplied in sufficient numbers to give a predator–prey
ratio of 5:1 (i.e. 10 predators: 2 aphids). The 7 treatments were each repeated
four times on two occasions in 1996. The number of aphids was counted at
two day intervals for 14 days after the release of the predators. In addition,
the hatching rate of 100 eggs from each batch of predators was determined to
assess their quality.

Laboratory trial (1997)

In a laboratory trial in 1997, the searching success of the second instar larva
of A. bipunctata(which was the most efficient treatment in the 1996 trials)
was assessed in relation to various distances between predator and prey and to
total surface area available under controlled conditions (temperature 18◦C,
humiditiy 70 to 80%, light cycle 16L:8D). Branches of apple (cv. Glock-
enapfel and cv. Gloster) of different lengths (0.25 m, 0.5 m, and 1 m) and
leaf surfaces (150± 5 cm2, 500± 10 cm2, 960± 20 cm2), respectively,
were used. The cut ends of 20 branches of each of the three categories of
branch were each placed into flasks containing water. One adult fundatrix of
D. plantagineawas released at the tip of each branch and after 2 hours one
satiated second instar larva ofA. bipunctatawas placed at the base of each
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branch. The success of each larva in finding and killing an aphid was recorded
after 1, 2, 6, 24, and 48 hours. The objective was to simulate conditions
in spring when temperature during the day reaches 15◦C and only a few
fundatrices are present on apple trees.

Field cage trial (1996)

In 1996, the effectiveness of the three predators was studied under semi-field
conditions in 1 m× 1 m× 1 m field cages, which consisted of a framework of
aluminium covered with a synthetic white muslin (mesh width 0.8 mm) open
at the bottom. One pot (0.35 m in diameter) containing 10 apple seedlings
(cv. Golden Delicious) was placed in an automatically irrigated plastic basin
in the centre of each cage. The water served both to irrigate the seedlings
and as a barrier to ants. Naturally occuring aphidophagous predators were
prevented from entering the cages by the muslin. The cages were placed 1m
apart on a plastic mulch.

Before the start of the experiment each pot of apple seedlings was infested
with 5 adult fundatrices ofD. plantaginea.Two days later the experiment
was started by adding 25 eggs of eitherA. bipunctata(a),A. aphidimyza(b),
E. balteatus(c), or no eggs (d) as control. Where fundatrices already had
offspring, the young aphids were removed to get a 5:1 predator–prey ratio.
The 4 treatments were arranged in 8 blocks each containing one replicate of
the four treatments, resulting in 32 cages. The experiment was repeated three
times: 4 April, 19 April, and 31 May 1996.

The subsequent numbers of aphids and predators on the apple seedlings
were recorded on 3 occasions at intervals of four to seven days. Records were,
at latest, stopped 4 weeks after the start of the experiments.

Field cage trial (1997)

Single and joint effects of the two most efficient aphidophagous predators in
the 1996 field cage trials (i.e.A. bipunctataandE. balteatus) were evaluated
in 1997. An experiment similar to that used in 1996 was set up by placing ten
apple seedlings (cv. McIntosh) in each of 32 cages arranged in a randomized
block design with 8 blocks. Before the start of the experiment, each apple
seedling was infested with 2 adult fundatrices ofD. plantaginea. Two days
later, the experiment was started by adding either (1) two satiated larvae of
A. bipunctata, (2) two satiated larvae ofE. balteatus, (3) two larvae of each
species, or (4) no predators (control). The resulting predator–prey ratio was
1:1 or 2:1 (for joint releases), respectively. This experiment was repeated
three times: 5 April, 7 May, and 25 June 1997.



175

Aphid numbers were counted in the same intervals as in the 1996
experiment and records were again stopped 4 weeks after the start of the
experiments.

Temperature and humidity data were recorded from 21 April to 10 May,
1995. The former was measured at 0.1 m, 0.5 m, and 0.8 m above ground
using LiteTM data loggers, while humidity was measured at 0.5 m above
ground with StowAwayTM data loggers. Measurements were taken inside and
outside two cages at 15 minute intervals to assess environmental effects of
caging.

Data analysis

The number of aphids were ln-transformed (ln(x + 0.5)) prior to ana-
lysis. This transformation is biologically meaningful as population growth
is exponential.

Searching success was analyzed using general log-linear analysis with
time (1, 2, 6, 24, and 48 hours after start), branch category (small, medium,
large), and aphid consumption (success and failure) as factors.

The results of the three replicates of the 1996 field cage experiments
were analyzed using one-way ANOVA, while the three timings of the 1997
field cage experiments were treated as factor and were analyzed using a
nested ANOVA model. Temperature and humidity data were analyzed using
a repeated measures ANOVA.

Results

Laboratory trials

In the 1996 trial,Adalia bipunctata, A. aphidimyza, and E. balteatushad
a similar impact on the number of aphids two weeks after their release
(Figure 1) whether introduced as eggs or larvae. The number of aphids was
reduced more quickly after the introduction of larvae than eggs. The mean
hatching rate in the laboratory of eggs ofA. bipunctatawas 78.5%, ofA. aph-
idimyza 81.2%, and ofE. balteatus75.9%, indicating high quality of the
predator material.

Searching success of larvae ofA. bipunctata increased significantly
with time, but was independent of branch length or total leaf surface area
(Figure 2). Fifty percent of the aphids were, on average, found and killed
within 6 hours, and 70% within 48 hours.
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Figure 1. Predator effects on the development of the mean number ofD. plantagineaper seed-
ling, whenA. bipunctata(white triangles),A. aphidimyza(black diamonds), andE. balteatus
(white circles) were released as eggs (a) or larvae (b) at an initial predator-prey ratio of 5:1
(1996 laboratory trial; the shown means were back-transformed after analysis). All treatments
were significantly different from control (black squares) at the end of the experiment (p <
0.05; Tukey–Kramer Test).

Figure 2. Cumulative percentage ofD. plantagineafundatrices consumed over time by larvae
of A. bipunctataon small (triangles), medium (squares), and large (circles) branches in the
1997 laboratory experiment. Branch size did not significantly affect the percentage captured
(p> 0.05; loglinear analysis).

Field cage trials

Overall,A. bipunctatawas the most efficient and consistent predator in con-
trolling aphids in 1996 (Figure 3). The eggs ofA. aphidimyzaandE. balteatus
were more affected by cold temperatures (release 4 April 1996) and disease
due to wet weather (release 31 May 1996) than those ofA. bipunctata(data
not shown).

In 1997, the larvae of bothA. bipunctataandE. balteatushad a significant
negative effect on aphid populations (Table 1, Figure 4). There was no signi-
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Figure 3. Predator effects on the mean number (+ SD) ofD. plantagineawhenA. bipunctata
(white bars),A. aphidimyza(hatched bars), andE. balteatus(dotted bars) were released 4
April 1996 (a), 19 April 1996 (b), and 31 May 1996 (c) in the field cages. Comparison of
treatments with control (black bars; no predators released) at the latest date of control using
simple contrast method: (ns) not significant;∗p< 0.05.
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Table 1. Nested ANOVA table on the influence of two aphidophagous
predators on the build-up of colonies ofD. plantagineain the field cages.
Data were transformed prior to analysis (ln(x + 0.5))

Source of variation df Sum of Sig. of

squares F1

Repetition (R) 2 102.69 ∗ ∗ ∗
Block within repetition (Error 1) 21 64.00 ns

Larvae ofA. bipunctata(A) 1 109.31 ∗
Larvae ofE. balteatus(E) 1 167.81 ∗
A × E 1 16.36 ns

A × R 2 11.44 ns

E× R 2 46.18 ns

Cage (Error 2) 3 17.02 ns

Date of control (DC) 1 0 ns

A × DC 1 16.61 ∗
E× DC 1 6.66 ns

A × E× DC 1 2.83 ns

Within + Residuals (Error 3) 152 435.92

Total 191 1004.24

1ns = not significant;∗p< 0.05;∗∗p< 0.01;∗∗∗p< 0.001.

ficant interaction between the two species and thus, their joint effect is best
explained by an additive model. Overall, the effect of the syrphid larvae was
greater than that of the coccinellid larvae (Table 1, Figure 4). The combined
effect of the two species reduced aphid densities to 5% of the control. The
number of aphids differed significantly in the 3 repetitions (Table 1), being
most abundant at the end of the second repetition in May.

Overall, temperature and relative humidity did not differ between the
inside and outside of the field cages (repeated measures ANOVA) (representa-
tive data at 0.5 m above ground are shown in Figure 5), although temperature
tended to be higher inside the cages on warm days.

Discussion

The three predators proved to be efficient control agents ofD. plantaginea
under laboratory conditions, whether released as eggs or larvae. The three
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Figure 4. Single and combined effects of the larvae ofA. bipunctataandE. balteatusin the
field cage experiment in 1997 (mean of three repetitions; shown means were back-transformed
after analysis). With/without refers to two/no larvae of predators applied.

Figure 5. Effects of caging on (a) relative humidity and (b) temperature measured at 0.5 m
above ground. Differences between measurements taken inside (dotted line) and outside (line)
of the field cages are not significant (repeated measures ANOVA,p> 0.05).
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predators are described as non-specific aphid predators (Hodek, 1993) and
associated with the green apple aphid,Aphis pomiDeGeer (Homoptera:
Aphididae) (Carroll and Hoyt, 1984; Bouchard et al., 1986; Hagley and
Allen, 1990). It is important to know whether laboratory reared control agents
behave normally. This simple and well defined testing procedure allows a first
judgement of predators before they are used in more complex and expensive
field trials (cf. Grasswitz and Burts, 1995).

The quality of laboratory reared predators also needs to be assessed before
they are released in the field. Compared to the hatching rates reported in
the literature (Hämäläinen, 1976; Geusen-Pfister, 1987; Havelka and Zemek,
1988), those observed in this study for the eggs of the three predators were
above 75%, which indicated high quality.

The fact that the searching success of the larvae ofA. bipunctatawas
independent of the initial distance between the larva and aphid may be related
to: (1) the total surface area of the branches not differing sufficiently, or
(2) their upright position or simply linear structure helping the larvae loc-
ate aphids through negative geotaxis and positive phototaxis (Majerus and
Kearns, 1989). Nevertheless, this study showed that larvae ofA. bipunctata
are able to find single aphids in a short time period on branches of apple trees.
This situation corresponds to field conditions in spring, when few fundatrices
occur on trees.

The subsequent studies under semi-field conditions showed that
A. bipunctata is able to withstand the climatic conditions prevailing in
spring, whileA. aphidimyzaandE. balteatuswere adversely affected by low
temperatures and night frosts in the early experiment. The thermal threshold
for egg development ofA. aphidimyzaand E. balteatusis above 10◦C
(Havelka, 1980; Geusen-Pfister, 1987). During the third release rainfall is
thought to have caused the development of unidentified diseases in larvae
and eggs ofA. aphidimyzaandE. balteatus. In contrast,A. bipunctatawas
little affected by either low temperature or disease, and was the most effective
predator in controllingD. plantaginea. Based on these results,A. bipunctata
was released under open field conditions (Wyss et al., 1999).

To determine if the potential of these predators to control aphids could be
enhanced, the very mobile larvae ofA. bipunctatawere jointly released with
the slower larvae ofE. balteatus. The previously observed negative effect
of both species alone was confirmed, but since no significant interaction was
found between the two species, the two predators are likely to have an additive
rather than a synergistic effect on aphid abundance. In a series of field exclos-
ure/enclosure experiments, Rosenheim et al. (1993) found that predation by
generalist hemipteran predators caused substantial mortality of larvae of the
chrysopid,Chrysoperla carnea(Stephens), used to controlAphis gossypii.
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Moreover, these predators significantly reduced the overall control effect on
aphids below single species effects. These findings are opposite to ours, as we
found lowest aphid numbers, when predators were released in combination.
Observations revealed that larvae ofE. balteatusoften reduced aphid colonies
to zero. In contrast, the larvae ofA. bipunctata, although more mobile, do
not find all the aphids in a colony. This may be because of the avoidance
behaviour shown by some aphids, as reported for sessile, flat shaped species
of birch aphid,Betulaphis brevipilosaBörner, by Hajek and Dahlsten (1987),
which escape predation by larvae ofA. bipunctata. Syrphid larvae, in con-
trast, move rather slowly and once they have found prey, they show a very
strong area restricted searching behaviour (Chandler, 1969). This supports
the combined use of these two predators.

Caging had only a negligible effect on temperature and relative humidity,
and so allowed controlled experiments to be conducted under conditions close
to that of the natural environment. The three-step screening, from laboratory
to field cages (reported here) to open field studies (Wyss et al., 1999) turned
out to be an efficient and economic way to evaluate the biological control
potential of aphidophagous predators.

The present study showed the potential of indigenous aphidophagous pre-
dators for the control of the rosy apple aphid. Further studies are planned to
determine the exact timing of predator releases to minimize aphid damage to
apple crops, and to develop a cheap method for rearing these predators.
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