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and a high predation rate in the ant Crematogaster
scutellaris: help or harm in olive pest control?

Filippo Frizzi
Giacomo Santini

Received: 18 December 2019/ Accepted: 29 May 2020

© International Organization for Biological Control (IOBC) 2020

Abstract Crematogaster scutellaris is a common
tree-nesting ant in Mediterranean olive groves, where
it acts as both predator and soft scale insect tender. We
aimed to quantify the predatory action of this species
and assess whether it influences the distribution of soft
scale insects. Predation was investigated through
experiments using live prey. The mutualistic relation-
ship between ants and soft scales was assessed by
supplementing sugar, amino acids or water to ant
colonies, then monitoring for changes in scale tending
activity. The probability of soft scale infestation on
trees hosting or not hosting ant nests was also
estimated. Predation rates on trees hosting a C.
scutellaris nest were significantly higher than on trees
without nests. Tending activity was affected by
carbohydrate and, surprisingly, water availability.
While the presence of C. scutellaris was significantly
correlated to soft scale infestation, it also favoured
predation towards other insects, suggesting a potential
role in influencing different insect pests.
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Introduction

Agriculture is one of the most relevant forms of land
use on a worldwide scale. The impact of the
widespread use of agrochemicals on the environment
has been a matter of interest for decades, and eco-
friendly management techniques for reducing this
impact are strongly recommended by ecologists
(Gomiero et al. 2011; Koohafkan et al. 2012;
Reganold and Wachter 2016). Nonetheless, the exten-
sive use of agrochemicals is still practiced in almost
every country. One possible way to reduce the use of
these pollutants is to employ pests’ natural enemies as
biological control agents (Heimpel and Mills 2017). In
many cases, specialised predators or parasitoids are
used against specific pests (e.g. Chailleux et al. 2013;
Yang et al. 2014; Gontijo et al. 2015). This method,
however, relies on identifying and rearing specific and
highly specialised predators or parasitoids and may
have a non-negligible initial investment (Barrat et al.
2018). Another possibility is to rely on the services
provided by naturally occurring generalist predators,
provided that both the cultivated areas and the
surrounding landscapes are not species-impoverished
(Symondson et al. 2002; Hajek and Eilenberg 2018;
Paredes et al. 2019). This option is often put forward as
one of the first and most relevant advantages of
organic agriculture (Birkhofer et al. 2008; Crowder
et al. 2010; Rusch et al. 2017).

Among generalist predators, ants possess many
features that make them ideal candidates for being
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agents of biological control. Unsurprisingly, ants have
been used as biological control agents in many
different agroecosystems, particularly in the tropics
(Way and Khoo 1992; Offenberg 2015). Though a few
species have highly specialised feeding habits (e.g.
leaf-cutter or harvester ants), the majority of ants are
generalist feeders and may predate a wide array of
herbivorous arthropods (Holldobler and Wilson 1990).
Additionally, ants are abundant in both number and
biomass in most natural habitats and are widespread in
human-modified sites, including many different types
of agroecosystems (Philpott et al. 2010). Finally, the
social behaviour of ants—which leads to the formation
of large colonies that may amount to hundreds or even
thousands of individuals, coupled with an efficient
recruitment system—makes them particularly effec-
tive as pest predators (Way and Khoo 1992).

There is, however, a peculiar feature that can make
the contribution of ants in biological control ambigu-
ous. They can potentially interfere with other pest
enemies (as parasitoids) via intraguild predation
(Rosenheim et al. 1995; Sanders and Platner 2007),
and they may actively tend several plant parasites,
such as soft scale insects and aphids (e.g. Stadler and
Dixon 2005; Styrsky and Eubanks 2006; Oliver et al.
2008; Ness et al. 2010). Owing to this association, ants
can disrupt (directly or indirectly) the biological
control of these pests and have sometimes been
associated with population outbreaks of their honey-
dew-producing, mutualistic partners (Bartlett 1961;
Itioka and Inoue 1996; James et al. 1999). Thus, ants
may be either beneficial or detrimental to crops, but
the net balance depends on the species involved, the
features of the agroecosystem, and other less pre-
dictable or local factors (Tillberg 2004; Philpott et al.
2010). To ascertain whether ants can be employed as
biological control agents, it is necessary to understand
the details of their association with other organisms
within an agroecosystem.

The olive tree (Olea europeay) is a highly valuable
crop that represents a significant source of income for
many Mediterranean countries, with more than 700
million trees mainly concentrated in the Mediter-
ranean basin (Uylaser and Yildiz 2014). Thus, iden-
tifying management practices that could reduce the
use of agrochemicals in this region is essential to the
pursuit of sustainable agriculture. In the past 15 years,
researchers have begun investigating the structure and
function of arthropod communities in olive orchards
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by examining how they are affected by agricultural
practices (e.g. Campos et al. 2011; Cotes et al. 2011;
Jerez-Valle et al. 2014). Ants are the most abundant
group of arthropods in olive groves and are involved in
many different ecologically important trophic rela-
tionships (Santini et al. 2007; Ottonetti et al. 2008;
Gongalves et al. 2012). They are known to prey on the
larvae of critical olive pests, such as the olive moth
Prays oleae (Arambourg 1986; Morris et al. 2002),
while also potentially suppressing useful insects used
as biological control agents (e.g. Morris et al. 1998;
Pereira et al. 2004). Furthermore, ants establish
mutualistic interactions with several soft scales and
their presence is sometimes seen as a nuisance (Daane
and Caltagirone 1989; Tena et al. 2007; Ottonetti et al.
2008) as they may disrupt Integrated Pest Manage-
ment programmes by predating or deterring soft scale
parasites or parasitoids (Martinez-Ferrer et al. 2017).

The ant Crematogaster scutellaris (Olivier, 1792)
is a dominant Myrmicine widespread throughout the
western part of the Mediterranean basin. Several of its
biological traits suggest that it could be useful as a
biological control agent. This species is a top
competitor and can be found in natural, semi-natural
and urban areas (Morris et al. 1998; Schatz and
Hossaert-McKey 2003; Santini et al. 2007; Gramigni
et al. 2013; Frizzi et al. 2015, 2017). C. scutellaris is a
predator that forms large colonies in tree trunks, and
there is some evidence that it can impact several
herbivorous arthropods (e.g. Villagran et al. 1992;
Lopez-Sebastian et al. 2004; Radeghieri 2004; Schatz
et al. 2006; Gallardo et al. 2012). Despite this
evidence, there is still a lack of quantitative data that
could allow researchers to understand the impact of C.
scutellaris on agroecosystems.

The primary aim of this paper was to increase the
understanding of the ecology of this species by
evaluating its predatory activity and the strength of
its mutualistic relationship with a common pest in
Mediterranean olive groves, the black soft scale
Saissetia oleae (Paraskakis et al. 1980; Raspi 1988;
Haber and Mifsud 2007), which can cause contami-
nation of the fruits by a sooty mould that grows on the
secreted honeydew (Ebeling 1950; Lampson and
Morse 1992). While predation by ants may be useful
to trees by diminishing herbivorous pests, tending
activity can have negative effects by promoting soft
scale infestations. To investigate this further, we set up
a three-part experimental study. First, we assessed the
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predatory impact of C. scutellaris by comparing the
survival of living baits on the trunk and in the canopy
of trees housing or not housing an ant nest. Second, to
investigate the association between ant nests and soft
scale infestations, we mapped all trees in an olive
orchard, noting the presence or absence of each. Third,
we evaluated how resource availability affects soft
scale attendance by ants. It is known that ant colonies
artificially supplied with sugary resources reduce their
defence of aphids, given their diminished need for
carbohydrates, thus exposing aphids to their natural
enemies and aiding their control (Wickers et al. 2017).
Here, we supplemented soft scale-tending ant colonies
not only with sugary resources, but also with amino
acids and water, and we evaluated the change in
attendance behaviour by assessing the variation in the
number of tending ants over a three-day period.

Materials and methods
Study area and species

The study was conducted in an olive orchard near
Florence (northern Tuscany, Italy, 43° 53’ 8” N, 11° 9’
40” E) during June and July. The plantation covers
approximately 40 hectares on the slopes of a hill with a
maximum elevation of 140 m a.s.l. The climate in this
location is typical of the Mediterranean region, with
hot, dry summers and mild, wet winters.

Predation experiment

To assess short-term predation rates on trees hosting
and not hosting a C. scutellaris nest, we carried out a
predation experiment aiming to address the following
topics: (1) differing predation rates on trees hosting or
not hosting C. scutellaris colonies, (2) variation in
predation rates based on the time of day, and (3)
differences in predation rates on the trunk and in the
canopy of the tree. To answer these questions, the
following experimental protocol was carried out. A
total of 80 trees were selected—40 hosting an ant
colony and 40 not hosting a colony. In all trees, S.
oleae were occasionally present, but no tree was
infested. For each of the two groups, 20 trees were
randomly selected and used to assess predation rates
on the trunk, while the remaining 20 were used to
assess predation rates in the canopy. Finally, ten trees

from each of the above groups were randomly chosen
for trials during daylight and ten during the night.

Treatment order was randomised to minimise
confounding effects. On each tree, a plastic cup
(diameter = 3 cm, height = 3 cm) was pinned to
either the trunk or the leaves, and three live Musca
domestica (housefly) larvae were placed inside each
cup. Instead of focusing on a specific parasite or
herbivore, we staged the experiment using the larvae
of a neutral prey species. Fly larvae were chosen as a
generalised model prey and were preferred over olive-
specific pests in order to obtain general insights on the
predatory activity of the ants. The cups were covered
with mesh (mesh size = 9 x 9 mm) to prevent verte-
brate predators from entering. Three larvae were used
in each cup to trigger mass recruitment and to
maximise the likelihood of observing a predation
event. A cup was scored as ‘preyed’ when the first
larva disappeared from the cup or when it was attacked
by ants. If other animals were found to predate the
larvae, that data was excluded from the analysis.
Experiments were repeated during both day and night.
Daylight trials were run between 9h00 AM and 11h00
AM while night trials were conducted between 2:00
a.m. and 4:00 a.m. The contents of the cups were
checked 30, 60, 90, 120 and 270 min after prey
placement. The data were fitted using Kaplan—Meier
survival curves (Bland and Altman 1998). The differ-
ence between bait survival in the course of time in the
different groups was tested using the log-rank test, as
implemented in the R 3.52 ‘survival’ package
(Therneau 2015).

Co-occurrence of ant nests and soft scale
infestations

In order to map the distribution of ants and soft scales,
a total of 531 trees were surveyed. The presence of C.
scutellaris nests was assessed by hammering on the
trunks to elicit a defensive response (Santini et al.
2011). If at least 20 individuals swarmed out, the tree
was noted as housing a nest. We also noted the
presence of the soft scale S. oleae: a tree was scored as
‘infested’ when at least one branch bore the presence
of at least 50 clumped soft scales. We applied a x> test
and calculated the odds ratio for assessing the strength
of association between ant nests and soft scale
infestations.

@ Springer



F. Frizzi et al.

Effect of resource availability on soft scale
attendance

To assess the influence of previous short-term resource
availability on soft scale attendance, 20 trees hosting
both a Crematogaster colony and a large tended soft
scale clump (> 100 S. oleae on a single branch of the
tree hosting the colony) were chosen. To minimise the
possible influence of colony size on recruitment
(Dornhaus and Franks 2006), only mature nests were
selected for the subsequent trials. Mature nests were
distinguished by more than 100 ants swarming out of
nest holes in the first four minutes after hammering on
the trunk. Each tree was randomly assigned to one of
the following groups: (1) controls, (2) water supple-
mented, (3) sucrose supplemented or (4) amino acid
supplemented. Thus, each group included five differ-
ent colonies. Three plastic containers (diame-
ter = 4.5 cm, height =2 cm) were pinned to the
trunk of each tree close to the nest entrance and filled
with the corresponding solution. Cups on the control
trees were left empty. For both sucrose and amino
acids, supersaturated solutions (50% weight per vol-
ume, e.g. 50 g sugar per 100 ml water) were used.
Throughout the duration of the trials, the cups were
checked twice a day and refilled when necessary to
compensate for evaporation or consumption by ants.
Each day, the cups were also checked to be sure that
ants used them. In all cases except the controls, groups
of ants were observed feeding in the cups.

To obtain an index for the number of ants tending
the soft scales, all ants moving across a marked
section (10 cm length) of the proximal part of a
branch hosting a clump were counted for three
minutes. Counting of ants took place at the start of
the trial (before filling the cups) and again after one,
two and three days. Surveys were conducted between
9h00 AM and 11h00 AM and each colony was
inspected five times at 30 min intervals. For each day,
the average number of ants visiting the clump during
the five inspections was used in the subsequent
analysis. We calculated the ratio between the average
number of ants visiting a clump each day (N,) and the
number of ants observed on the same branch at day
zero (Ny), here called ant ratio (AR = N/Np). Tem-
poral changes in AR-values across treatments were
compared using Linear Mixed Models as implemented
in the ‘lme4’ package (Bates et al. 2015) in R version
3.5.2 excluding time O from the data (Zuur et al. 2009).

@ Springer

AR-values were normally distributed (Shapiro—Wilk
normality test: W = 0.98, p = 0.313). We fitted four
different models of increasing complexity, including
the ‘time’ factor (continuous variable), the ‘treatment’
factor (categorical with four levels) and their interac-
tion as fixed effects. We also added colony identity as
a random effect to manage repeated measures.

Results
Predation experiment

Temporal variation in the survival of larvae (i.e. the
number of cups not visited by ants as a function of
time) and the significance of log-rank tests are
reported in Fig. 1, showing the Kaplan-Mayer survival
curves for bait in the different experimental groups.
Overall, baits on trees hosting a colony suffered
greater mortality over time than on unoccupied trees.
Moreover, predation over time was greater on trunks
than in the canopy and higher during the night than the
day. The maximal predation probability was observed
during the night on trunks (Fig. l1c), when survival
probability was ~ 0.6 and ~ 0.4 on trees not hosting
and hosting a C. scutellaris nest, respectively. The
lowest risk was faced during daytime in the canopy
(Fig. 1b), when survival probability was nearly 1.0
and 0.9 on trees not hosting and hosting C. scutellaris,
respectively.

Co-occurrence of ant nests and soft scale
infestations

Of the 531 trees surveyed, 129 hosted a C. scutellaris
colony. The presence of soft scale clumps in the trees
was clearly associated with the presence of C.
scutellaris nests. There were 77 total ‘infested’ trees,
54 of which also hosted a C. scutellaris nest.
Therefore, 41.9% of the trees hosting a C. scutellaris
nest were also infested by soft scales, while only 5.7%
of the other trees were infested by soft scales. This
difference was significant (% = 99.98, p < 0.001).
The odds ratio for a tree hosting a C. scutellaris colony
to also be infested by soft scales was 11.86, meaning
that an infestation was over 11 times more likely to
occur on a tree with a nest than on a tree without.
Furthermore, only 8 out of 23 trees (infested, without
C. scutellaris) were apparently free of any ant species.
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Fig. 1 Temporal variation in the survival (solid lines, = 95%
CI dashed lines) of larvae. Trees hosting a C. scutellaris colony
are shown in grey, and trees without nests are in black. Asterisks

In the remaining 15 trees, the soft scale clumps were
attended by other species: nine by Camponotus
aethiops, five by Lasius lasioides and one by Cam-
ponotus vagus, although their nests were not located
on the trees. No colonies of other ant species were
found in the checked trees.

Effect of resource availability on soft scale
attendance

Results of soft scale feeding trials are summarised in
Fig. 2. The best model explaining the observed
variation involved the treatment factor only (AIC =
71.23, lowest AAIC = 8.27), suggesting that the
number of ants visiting the soft scale clumps only
changed with treatments, but not with time (ANOVA
with Satterthwaite method: F5 ;¢ = 10.82, p < 0.001).
The effect of amino acid supplementation was not

indicate the significance of the log-rank test between the two
curves. Significance: ** < 0.01; *** < 0.001. a night/canopy;
b day/canopy; ¢ night/trunk; d day/trunk

2.0

1.5

14 -
<10

0.5
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Day

Fig. 2 Effect of supplementation on soft scale attendance by
ants. Average ant ratio (AR £ SE) for the different treatment
types and for all observation days. Squares/solid line = controls,
circles/dashed line = water, triangles/dotted line = sugar,
rhombuses/dot-dash lines = amino acids. Results of Dunnett
contrasts are reported on the right side of the graph, ns, not
significant, ** < 0.01, *** < 0.001
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different from that observed in controls (Dunnett
contrast: z= — 1.207, p = 0.481). In contrast, a
significant difference was observed both in sucrose
and water-supplemented colonies (Dunnett contrasts:
z= —5.317, p<0.001 and z = -2.723, p = 0.005,
respectively).

Discussion

The results of this study demonstrated that C. scutel-
laris can play a key role in the functioning of arthropod
assemblages in olive orchards, both as a predator and
as a tender of sap-feeders. C. scutellaris was con-
firmed to be an effective predator, as prey were
discovered and consumed much faster on trees hosting
an ant colony than on unoccupied trees. That predation
is an important part of C. scutellaris trophic ecology
was somewhat expected. In a study of trophic
dynamics in this same ecosystem using stable isotope
analysis, Ottonetti et al. (2008) demonstrated that this
species had a dN15 signature comparable to that of
spiders, indicating a high trophic level and a preva-
lence of predation over tending of sap-feeders. Sim-
ilarly, Bliithgen et al. (2003) reported a comparable
situation for another Crematogaster species in a
tropical rainforest food web. Day/night changes can
be explained by variation in ant activity based on the
time of the day, though this species is known to have a
wide thermal niche and is able to maintain elevated
activity levels during even the hottest part of the day
(Santini et al. 2007; Arnan and Bliithgen 2015). The
difference between predation rates on the trunk and in
the canopy could be a result of the greater spatial
complexity and total surface area of branches and
leaves as compared to trunks. Overall, these results
confirm that this species has potential for use in the
control of harmful pest populations and that any
potential prey would be at risk when landing or
feeding on a tree hosting a nest. Other ants, such as
Oecophylla smaragdina and O. longinoda, are known
to protect several types of crops against various insect
pests, including several Bactrocera species (Way and
Khoo 1992; Vayssieres et al. 2016; Abdulla et al.
2017). Interestingly, the protection is not limited to
direct control through predation but is also achieved
through trait-mediated interactions (Dattilo et al.
2016). There is a growing body of evidence supporting
the ability of ant pheromones to deter herbivorous
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pests, even in the absence of ants (Adandonon et al.
2009; Offenberg 2015). In this way, the positive action
of C. scutellaris may not be solely limited to the
predation of certain prey stages.

Another important finding was that the risk of a tree
incurring a soft scale infestation was almost 12 times
higher if it harboured a C. scutellaris nest. Although
other ant species can trigger soft scale infestations,
their influence appeared to be lower in the present
study system. Many studies have previously docu-
mented the relationship between soft scale populations
and the presence of ants. Hence, this association was
not surprising, although no specific assessment of the
risk of infestation incurred by an olive tree exists (e.g.
Bishop and Bristow 2003; Dao et al. 2014). Although
soft scale infestation in olive groves can be slightly
detrimental, ant association with sap-feeders may not
be entirely negative and may have indirect positive
cascade effects. First, a lack of tending ants can
increase the presence of non-honeydew producing
pests (Pekas et al. 2011). The carbohydrates provided
by soft scales might fuel colony growth and are often
associated with an increase in colony activity (Grover
et al. 2007; Dussutour and Simpson 2008; Kay et al.
2010). This, in turn, could increase tree-patrolling and
predation by ants, which is also stimulated by a diet
strongly unbalanced towards carbohydrates (Davidson
1997; Ness et al. 2009; Pringle et al. 2011; but see
Rudolph and Palmer 2013). Moreover, Clark et al.
(2016) demonstrated in a forest system that ant
mutualism with sap-feeders can strengthen top-down
effects of ants on caterpillars under some conditions.
Therefore, their association with soft scales could in
some way enhance predatory behaviour towards other
harmful pests. On the other hand, if ants reduce their
defence of soft scales, they are more exposed to their
natural enemies, such as parasites or parasitoids (Tena
et al. 2016). The presence of ants on trees may deter
natural pest enemies, as described for the Opiine
parasitoid Fopius arisanus—a natural enemy of the
invasive fly Bactrocera invadens in African mango
cultivations—which perform fewer attacks on the fly
when the ant Oecophylla longinoda is present (Appiah
et al. 2014). Furthermore, honeydew can be an
important food resource for natural enemies of flying
pests. In California, it has been demonstrated that a
parasitoid of B. oleae, Psyttalia humilis, avoids
feeding on the lethal Spinosad-based GF-120 baits
when honeydew is available (Wang et al. 2011). The
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patrolling carried out by ants might prevent parasitoids
of flying pests from feeding on honeydew, increasing
the probability that they will move towards different
food sources away from olives.

We found that tending behaviour towards soft
scales was influenced by the short-term availability of
carbohydrates, as a few days of sucrose supplemen-
tation was effective in reducing ant attendance.
Reduced tending has also been shown, for example,
by Offenberg (2001) for Lasius niger and by Wickers
et al. (2017) for Lasius grandis. The rapidity of this
response indicates that this species can opportunisti-
cally modulate its behaviour as resource availability
changes over time (Frizzi et al. 2016). However, we
did not observe any direct predation attempts on soft
scales by ants, as happens in other species that switch
from tending to predation when colonies are supplied
with abundant carbohydrates and are short on proteins
(Sakata 1995; Offenberg 2001). In our specific case,
the duration of supplementation was likely too short to
trigger such a response. Amino acid supplementation
did not have any influence on ant behaviour, confirm-
ing the results obtained by Frizzi et al. (2016) on the
foraging choices of this species. The most exciting and
unexpected result of this study was the effect of water
supplementation, which elicited a significant decrease
in attendance, although slower and less marked than
with sucrose. This effect indicates that during the
summer, ants may seek out soft scales as not only a
source of carbohydrates, but also of water. This
finding reinforces the importance of water regulation
during the summer by ant colonies. In a recent study
on the feeding preferences in this species, Frizzi et al.
(2016) demonstrated that when facing a water short-
age during the summer, the ants include low-value
carbohydrate solutions in their diet, which were not so
actively sought when water was not limiting. An
interesting point that deserves further investigation is
whether these findings can have some practical utility
in, for example, the planning of colony supplementa-
tion with carbohydrates during critical stages for the
soft scales (Wickers et al. 2017) or with water during
the summer, both of which should reduce tending and
soft scale survival. Nevertheless, it must be recalled
that seasonality can significantly affect the nutritional
needs of the colonies (see Csata and Dussutour 2019
for a review). For example, during the early phase of
the development of the larvae, the colony usually
tends to utilise proteins (Wheeler and Buck 1995),

whereas during the peak of activity, carbohydrates are
preferred (Cook et al. 2011). The two summer months
when our experiments were carried out are months in
which C. scutellaris is nearly at the peak of its activity
(Santini et al. 2007), so a considerable need for
carbohydrates was expected. This may partially
explain the low interest shown by the ants for protein
solutions. In general, however, previous investigations
on the same species have demonstrated a higher
preference for sugar resources than for protein
resources, independent of season (Frizzi et al. 2016).
From a practical point of view, as ants significantly
reduce their attendance despite their higher need for
carbohydrates, it is suggested that supplementation
with sugar could have detrimental effects on soft scale
pests, at least during the period of maximum activity
of the ants.

A final important point worth examining is the
spatial distribution of the observed effects. C. scutel-
laris is known to be a polydomous species, with
colonies often subdivided among several intercon-
nected nests. This, of course, is the norm in the studied
system (Santini et al. 2011). Additionally, this species
shows a clear preference for large, old trunks in which
a nest is easier to excavate, and the spatial distribution
of these trunks drives the spatial arrangement of
colonies (Santini et al. 2011). Under some circum-
stances, this leads to a mosaic-like system charac-
terised by patches of trees dominated by this species
intermixed with other patches in which this species is
not present. Therefore, both predation and soft scale
infestation will also have a patchy distribution, with
Crematogaster-dominated areas having higher preda-
tion rates and higher soft scale infestation risk and
Crematogaster-free areas having less predation but
lower soft scale densities. Beyond the many interest-
ing ecological consequences that this spatial pattern
may have (Massol et al. 2011; Tilman and Kareiva
1997), it is important to understand whether this
knowledge could be of any management utility. Both
surveillance and the treatments could be targeted to a
reduced number of selected trees in the orchard,
although the trees to be treated would be different
depending on the type of pest considered. Any action
aimed at the control of sap-feeders would preferen-
tially be addressed towards trees hosting a nest, while
any action against other pests should be preferentially
targeted towards Crematogaster-free trees.

@ Springer



F. Frizzi et al.

By hypothetically transposing the results of our
predation trials onto specific olive pests other than soft
scales, in our opinion, the final balance may be more in
favour of positive over negative effects. The impact of
sap-feeders such as S. oleae is usually less harmful
than other pests, such as P. oleae or the olive fruit fly,
Bactrocera oleae, because the only damage they
typically cause is limited to the contamination of a
small portion of the olives by sooty mould without
impairing olive production (Lampson and Morse
1992). On the other hand, massive outbreaks of the
latter species can extend over large spatial scales and
can put the entire yearly production of a country at
risk. Damage caused by this pest amounts to several
hundreds of thousands of US$ annually (Montiel-
Bueno and Jones 2002; Tzanakakis 2003). In parts of
the Mediterranean basin, where most of the olive
production takes place, the losses can reach 80—-100%
of the total harvest in some years (e.g. Katsoyannos
1992; Broumas et al. 2002). This situation is in danger
of worsening after the European Regulation
2019/1090 of 26 June 2019 which banned the use of
dimethoate, a widely used organophosphate insecti-
cide, in all of the European Union starting in the 2020
olive crop season (Official Journal of the European
Union L 173/39, 27 June 2019). B. oleae is also
considered the primary pest for olive production in the
USA (Burrack et al. 2008; Daane et al. 2005). The
same is not true for soft scale infestations, whose
impact is considerably lower and usually more
spatially restricted (Delrio and Foxi 2010). However,
it should be considered that such a parallel between the
model prey we used in our experiment (housefly) and
other potential olive pests might not be that simple.
First, since we used fly larvae, the predation rate we
recorded should, in theory, be applied only to larval
stages of the two main insect olive pests, P. oleae and
B. oleae, but not to their adults. From this perspective,
our conclusions likely fit better with P. oleae than with
B. oleae since the cryptic developmental stages of the
latter within olive drupes (Dominici et al. 1986) might
hamper ant predation. Conversely, the pupal develop-
mental stage of P. oleae is more exposed to predation,
as pupation can take place in the soil at the base of the
tree at the end of the season (Dimou et al. 2003; Picchi
et al. 2017). Second, pest species may have evolved
escape strategies or other protection measures to deal
with canopy ants that probably never evolved in
housefly larvae. These points should be considered
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when speculating on the usefulness of the presence of
a C. scutellaris nest in olive trees, since its predatory
ability might be only partially effective in the control
of such olive pests.

In conclusion, this study provided some evidence
that even though the occurrence of C. scutellaris is
related to sap-feeding soft scale infestation in olive
groves, it may also act as a biological control agent
against larval stages of other herbivorous pests such as
the olive moth and, to a lesser extent, the olive fly,
similar to what occurs with Oecophylla ants in tropical
Africa and Asia. Future studies aiming to test the
effective usefulness of this feature in biological
control are recommended.
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