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Abstract. Coccinellidae are well known predators in agroecosystems. In olive groves they may exert
control against scales, such as the black scale, Saissetia oleae (Olivier, 1791). Laboratory studies on the
consumption of three phenological stages (eggs, first and second instar nymphs) of S. oleae by four
coccinellid species (Chilocorus bipustulatus, Scymnus (Pullus) subvillosus, Scymnus (Mimopullus)
mediterraneus and Scymnus (Scymnus) interruptus) were carried out. C. bipustulatus presented a
significantly high consumption of eggs, first and second instar nymphs compared with the other species.
All coccinellids consumed eggs and first instar nymphs; however the second instar nymphs were only
consumed by S. interruptus and C. bipustulatus. In a second experiment, larval stages of C. bipustulatus
were reared on different phenological stages of S. oleae. Coccinellid larvae fed with eggs or first instar
nymphs completed their life cycle, contrarily to those that were fed with second instar nymphs. The
apparent voracity of C. bipustulatus on the different phenological stages of S. oleae is an aspect that
suggests the possible use of this coccinellid species in biological control programs against this pest in
olive groves.

Keywords: Predation, Chilocorus bipustulatus, Pullus (Mimopullus) mediterraneus, Scymnus (Pullus)
subvillosus, Scymnus (Scymnus) interruptus, black scale.

Introduction

In the Mediterranean countries, the black scale, Saissetia oleae (Olivier, 1791), is an
important pest in the olive grove and natural enemies belonging to the Coccinellidae
family are known to be associated with this pest [1, 2, 3, 7]

Voracity studies intend to investigate the potential of a natural enemy to consume a
specific prey. This elucidation about the predatory characteristics of coccinellids is the
basis for developing management strategies to successfully combat black scale
infestations. Successful natural control of pests depends on the fact that a predator kills
or consumes a sufficient number of pest individuals to maintain its density at a low level
[13]. Such information would be useful for determining which developmental stage of
S. oleae is the most predated and will facilitate further laboratory rearing of these
insects, which is a prime objective in a biological control program [12].

Coccinellid species like Chilocorus bipustulatus (L.), Scymnus (Pullus) subvillosus
(Goeze), Scymnus (Mimopullus) mediterraneus lablokoff-Khnzorian and Scymnus
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interruptus (Goeze) are common in the olive grove of the Mediterranean region and
both adults and larvae are predaceous stages [1, 3]. Field studies showed that the most
predated phenological stages of S. oleae by coccinellids were potentially the first and
second instar nymphs (Santos et al., unpublished data). Moreover, S. oleae eggs have
been used to feed different coccinellid species in laboratory cultures [1, 2, 3]. Therefore,
it is important to gain insight about the effective predated stages of S. oleae by
coccinellids. This information will help on further studies concerning the natural control
of S. oleae by coccinellids in field and also the maintenance of laboratory cultures of
coccinellids reared on S. oleae.

The objective of this study was to investigate, under controlled conditions, the ability
of selected coccinellid species to use different phenological stages of S. oleae as food
item.

Material and Methods

To study the consumption of different phenological stages of S. oleae by coccinellid
species, two experiments were carried out: (1) screening of coccinellids voracity using
adult stages, and (2) assessment of feeding rates, along the life-cycle of the most
voracious coccinellid species, using eggs, first instar and second instar nymphs of S.
oleae as food items.

To perform the first experiment, specimens belonging to the four most common
coccinellid species namely, S. mediterraneus, S. subvillosus, S. interruptus and C.
bipustulatus, were captured by the beating technique in an organic olive grove -
Valbom-dos-Figos (41° 33° 4 N, 7° 8 43> W) - located near Mirandela, Tras-os-
Montes (north-east of Portugal). The three different phenological stages of S. oleae
(eggs, first and second instar nymphs) were collected with the leaf.

In the laboratory, 30 coccinellid specimens of each species were placed in individual
Petri dishes (9 cm diameter x 2 cm height) with moistened filter paper covering the
bottom of the box and starved during 24 hours.

Each species was separated in three groups of ten specimens. Each group was fed
daily with a different phenological stage of S. oleae during five days: group 1 was fed
with 100 eggs/day, group 2 with 10 first instar nymphs/day and the third group with 10
second instar nymphs/day. During five days, specimens were allowed to forage for 24 h
after which the food was renewed and the total number of prey eggs, N1 nymphs or N2
nymphs was recorded.

Based on the results of the first experiment, C. bipustulatus was selected to perform
the second experiment where the consumption of eggs and first and second instar
nymphs of S. oleae by larval stages and adults of C. bipustulatus was studied.

C. bipustulatus adult specimens were captured in the same grove mentioned above.
In the laboratory, they were coupled in Petri dishes (9 cm diameter x 2 cm height) with
moistened filter paper covering the bottom of the box and fed with S. oleae eggs. Newly
laid eggs were transferred individually to a clean Petri dish with a soft brush and daily
observed till hatching. Forty-five recently emerged L, larvae were divided in three
groups with fifteen specimens. Group 1 was supplied with 100 eggs/day, group 2 with
10 first instar nymphs/day and group 3 with 10 second instar nymphs/day. Each Petri
dish was examined daily to record consumption. Moulting marked the differentiation
between larval stages. Freshly emerged adults were used to make the same set of
experiments as in larval stages.
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All experiments were conducted at a temperature of 25+2° C and under a 16L: 8D h
regime.
Data analysis

Univariate statistical analyses were performed using the Statistica Statistical
package, version 7.0 [15]. Data were evaluated for normality and homogeneity of
variances with Kolmogorov-Smirnov test and Bartlett’s test, respectively. One-way
ANOVA was used to compare the consumption of S. oleae phenological stages by each
coccinellid species. A significant level of 0.05 was used for all statistical tests.

Results and Discussion

In the first experiment, the food intake by the four coccinellid species tested was
maintained constant during the five days, except in the case of the consumption of the
first instar nymphs by S. interruptus that varied significantly (Table 1). C. bipustulatus
showed a significantly high consumption for all phenological stages of S. oleae with a
mean total consumed eggs, first instar and second instar nymphs respectively of 381.3 +
15.3 (mean + standard error of the mean - SE, n = 10), 8.6 £ 0.7 and 15.3 £ 1.9, when
compared with the other species tested (Fig. /). S. interruptus consumed a mean total of
160.1 £ 6.9 eggs, 5.2 £ 0.7 first-instar nymphs and 0.3 + 0.2 second-instar nymphs and
S. subvillosus consumed 150.4 + 20.5 eggs and 4.5 + 1.2 first-instar nymphs. On the
other hand, S. mediterraneus showed a significantly low consumption of eggs and the
lowest consumption of the first instar nymphs, with a mean total of respectively 52.9 +
4.5 and 2.8 = 0.4, relatively with the other species. Second instar nymphs were not
consumed by S. mediterraneus and S. subvillosus.

Table 1. Consumption by coccinellids species (n = 10) of three phenological stages of
Saissetia oleae (mean + standard error of the mean) during five days of experiment.

Coccinellid species }.:O()d Days Fyui P
item 1 2 3 4 5
Chilocorus bipustulatus eggs 81.6£3.75  76.3+3.04 7794351  75443.04  70.1£6.27 1.04 n.s.

N1 2.6+0.40 1.8+0.44 1.5+0.27 1.2+0.25 1.5+0.34 237 ns.
N2 4.1£0.71 3.5+0.50 2.9+0.28 2.6+0.50 2.240.36 234 ns.

Scymnus (Mimopullus) mediterraneus eggs ~ 10.5+1.89 ® 1294138 ™ 1394155  7.5+1.30° 8.1+1.49*® 340 *
N1 09+0.18 084025  05+0.17  04#022  02#0.13  2.20 ns.

N2 0 0 0 0 0 - -
Scymnus (Pullus) subvillosus eggs 40.7+6.49  32.84536  27.9+5.57 274432 2243.39 1.90 n.s.
N1 1.5+0.31 0.9+0.28 0.7+0.33 0.7+0.37 0.7+0.40 1.04 n.s.
N2 0 0 0 0 0 - -
Scymnus (Scymnus) interruptus eggs 30.7+534  36.6+3.63 3343.16  34.6+£3.56  25.24391 1.21 ns.
N1 24037 1.6£040°  0.8+020™  0.6£022"™ 0240.13°  6.85 *x*
N2 0.2+0.13 0 0 0.1+0.10 0 1.44 n.s.

Means sharing the same letter within rows are not significantly different at p>0.05.
ns- non significant.
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Figure 1. Consumption (mean + standard error of the mean) of the three phenological stages of
Saissetia oleae by the four coccinellid species tested: Smed - Scymnus mediterraneus, Ssub -
Scymnus subvillosus, Sint - Scymnus interruptus, Cbip - Chilocorus bipustulatus. n=10.
Different axis scales were used. Bars sharing the same letter are not significantly different at
P>0.05.

In laboratory studies [1] showed that it was possible to obtained consecutive
generation of C. bipustulatus fed with S. oleae (phenological stage was not specified)
but unsuccessful attempts were obtained for S. subvillosus. Also, [2] showed that S.
mediterraneus completed its life cycle consuming a large amount of eggs of S. oleae.

The consumption of the different phenological stages of S. oleae depends mostly on
the characteristics of the tegument of the prey [5], the relation between the sizes of
predator and prey and also the nutritional quality of the prey [11]. Easily penetrated
covers are more likely to be suppressed than thick covers [5]. In this way, it was
probable that first instar nymphs are softer and easier to handle by smaller coccinellid
species (e. g. S. mediterraneus) than the second instar nymphs. On the other hand,
because of their large size, adult C. bipustulatus can easily chew through the covers of
greater nymphs that provide higher energetic gain than smaller nymphs [10]. Thus, the
consumption of each phenological stage of S. oleae can be considered as a trade-off
between its energetic value and the morphological characteristic of the integument that
makes predation by coccinellids difficult.

The consumption of S. oleae eggs by the majority of coccinellid species will be
difficult under field conditions due to the hard integument of the egg-bearing females.
Eventually, only C. bipustulatus can predate egg-bearing females because it possesses
highly modified mandibles that are unique to the genus - they are acutely angled with a
single tooth at their apex, which can be inserted between the scale and the substrate [5].
Other coccinellid species consume preferentially first and second instar nymphs of S.
oleae that are abundant and accessible stages in summer and autumn in olive groves [8;
Santos et al., unpublished data]. Nonetheless, due to its high nutritive value, eggs can be
used as food for rearing laboratory cultures since they were successfully fed by all
coccinellid species.

In the second experiment, the consumption of S. oleae eggs and first instar nymphs
by the successive larval stages of C. bipustulatus increased with their development. The
general pattern of food consumption by larval stages showed a gradual increase
immediately after each moult but in third and fourth larval stages, a small decline
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occurred as larvae approached the ecdysis (Fig. 2). No differences were found between
the developmental period of specimens fed with eggs and those fed with first nymphal
nymphs. [9] observed a similar pattern in all larval stages of Chilocorus nigritus (F.)
reared on the cyanophyllum scale Abgrallaspis cyanophylli (Signoret). A total mean of
976 + 11.22 eggs of S. oleae were consumed by each larva of C. bipustulatus. First
instar larvae consumed 3.6%, second instars 9.5%, third instars 27.3% and fourth instars
59.6% of the total eggs intake. Considering the intake of first instar nymphs of S. oleae,
a mean total number of 86 £ 6.1 was consumed by each larva of C. bipustulatus, where
first instar larvae consumed 10.3%, second instar 12.2%, third instar 26.5% and fourth
instar 51.0% of total intake. Compared with C. nigritus, the consumption by first instar
larvae of C. bipustulatus was generally high and the fourth very low - 3 and 73%
respectively [9].
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Figure 2. Consumption of eggs (A) and first instar nymphs (B) (mean = SE) of Saissetia oleae
by Chilocorus bipustulatus larvae and adult stages. Different axis scales were used. n=15.

The egg consumption by adults increased in the first six days after eclosion and then
it remained constant till the end of the experiment (Figure 2). According [9], adult food
intake in coccidophagous coccinellids is known to be low after eclosion, increasing
gradually to a peak at the end of the first week. Each adult consumed a mean of 1227 +
51.98 eggs after 14 days of the experiment. The consumption of the first instar nymphs
increased in the first four days and a total mean of 61 £ 11.2 first instar nymphs of S.
oleae was consumed by each adult specimen after 14 days of experiment.

None of the second instar nymphs supplied were totally consumed by the first larval
specimens of C. bipustulatus, which only developed to the second instar and
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consequently, the life cycle was not completed. As a result, alternative preys should be
essential items in the first larval stages of this coccinellid species to successfully
complete its life cycle. Despite their polyphagy, coccinellid adults tend to feed more
certain types of food [6] and the beneficial effect that food has on individual predators
leads to increased rates of growth, development and fertility, and decreased rates of
mortality [4].

This study provides a better understanding of the consumption of different
phenological stages of S. oleae by coccinellid species and the capacity of both larvae
and adult stages of C. bipustulatus to feed on this pest and complete their life-cycles.
The apparent voracity of C. bipustulatus on the different phenological stages of S. oleae
is an attribute that should make it an important predator contributing for the natural
biological control of the pest in the olive grove. Moreover, the larva is the most
voracious stages of coccinellids [14], requiring great amounts of food to grow up
rapidly. This aspect supports the likely use of this coccinellid species in biological
control programs against S. oleae. In this context, the mass release of larval specimens,
particularly the most resistant third instar larvae, can be done in order to maximize the
predaceous action of C. bipustulatus in the olive grove.
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