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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Tree species, specifically oak and 
almond trees, in SNHs has a positive 
effect on Chrysopidae adults and larvae 
population in organic olive orchards. 

• Oak trees had the highest species rich
ness and diversity in Chrysopidae adults 
as compared to the other tree species 
studied. 

• The dominant species C. mutata, 
C. pallida, P. (prasinus) pp3, A. benedictae 
and P. (prasinus) pp2 were responsible 
for temporal changes among tree species 
with respect to the Chrysopidae 
community. 

• The larger number of adult Chrysopidae 
from tree species in SNHs translated into 
a larger number of larvae in olive trees. 
This coincided in time with the 
anthophagous and carpophagous gener
ations of the olive moth, Prays oleae, 
thus highlighting the potential role of 
tree species in SNHs in improving 
P. oleae control. 

• The number of larvae in olive trees 
showed a positive correlation with the 
percentage of predated eggs in the 
anthophagous and carpophagous gener
ations of Prays oleae.  
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A B S T R A C T   

Habitat management is a conservation biological control technique which helps to reduce the use of inputs in 
olive orchards and also to improve sustainability. Recent studies of olive orchards have pointed out that vege
tation cover, which provides food resources, as well as reproduction and refuge sites, increases Chrysopidae 
populations and diversity. However, little is known about the effect of woody semi-natural habitats (SNHs) in 
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Prunus dulcis 
Quercus rotundifolia 

olive orchards. In this context, our study aims to determine the attraction of adult Chrysopidae to different tree 
species in SNHs adjacent to olive orchards in order to promote the conservation biological control of this key 
predator. We vacuumed 75 almond, oak, olive and pine trees fortnightly between April and October of 2016. The 
trees were chosen at random and evenly distributed among five organic olive orchards selected according to their 
availability. Oak trees recorded the highest abundance, species richness and diversity levels of adult Chrys
opidae, while olive trees had the highest abundance of Chrysopidae larvae. A total of 20 green lacewing species, 
belonging to seven different genera, were collected, of which Chrysoperla mutata (McLachlan, 1898), Chrysoperla 
pallida Henry et al., 2002 and Pseudomallada (prasinus) pp3 (Duelli and Henry, 2020) were the most abundant 
during the period of the study and had a preference for olive trees (C. mutata and C. pallida) and oak trees 
P. (prasinus) pp3. Furthermore, the number of Chrysopidae larvae collected showed a positive correlation with 
the percentage of predated eggs in the anthophagous and carpophagous generations of Prays oleae.   

1. Introduction 

The greatest challenge facing agriculture today is the need to reduce 
the use of inputs in order to enhance the sustainability of agro
ecosystems. From an ecological perspective, this would involve efficient 
input usage and organic pest management, while, at the same time, 
ensuring profitable crop yields without harming the environment 
(Reddy, 2017). 

Conservation biological control is a sustainable approach to con
trolling pests, which could help to cut back the use of pesticides as part 
of an integrated pest management strategy (Begg et al., 2017), especially 
with respect to perennial crops (Rieux et al., 1999). Conservation bio
logical control mainly aims to conserve natural enemy populations 
(Barbosa, 1998) in which semi-natural habitats (SNHs), defined as any 
habitat within or outside a cultivated crop area containing non-crop 
plant species (Holland et al., 2017), are an important tool. These habi
tats provide natural enemies with essential resources, such as pollen, 
nectar, honeydew, alternative hosts and prey, as well as with refuge and 
reproduction sites (Bianchi et al., 2013; Duelli and Obrist, 2003; Landis 
et al., 2000). As SNHs tend to diminish with the expansion and inten
sification of agricultural practices in olive orchards (Gúzman-Alvarez 
et al., 2009), it is important to determine their impact on natural en
emies in order to conserve and promote their populations in olive or
chards for biological control propose. 

The European agricultural landscape has a wide variety of SNHs, 
whose functions and characteristics (vegetative composition, structure, 
shape and area) determine their ability to maintain natural enemies and 
to contribute to biological control (Holland et al., 2016). Thus, the 
incorporation of SNHs can clearly increase the populations and diversity 
of natural enemies (Albertini et al., 2017; Hatt et al., 2017; Holland and 
Fahrig, 2000; Pfister et al., 2017; Sorribas et al., 2016). Nevertheless, the 
relative potential of SNHs to control pests can vary drastically according 
to crop type, pest, predator, habitat management and landscape struc
ture. All these factors need to be taken into account when designing 
measures to improve biological control services through habitat resto
ration and management (Tscharntke et al., 2016). It is therefore crucial 
to increase our knowledge of the diverse range of SNHs in order to 
maximise their effectiveness in integrated pest management programs 
(Holland et al., 2017, 2016; Tscharntke et al., 2012). 

Green lacewings, which can be found in virtually all agricultural 
ecosystems, are efficient biological control agents among the natural 
enemy populations of agroecosystems (Duelli, 2001; McEwen and Se
nior, 1998; Monserrat, 2016; New, 1975; Nicoli Aldini, 2002). Their 
larval stage feeds on a wide variety of small, soft-bodied insects and 
mites, as well as lepidopteran eggs and small larvae (Ridgway and 
Murphy, 1984). The adult stage of most species, which depends on the 
vegetation to feed on nectar, pollen and honeydew, has a palyno- 
glycophagous diet (Devetak and Klokocovnik, 2016; Villenave et al., 
2006). Previous studies have reported that some plant species are spe
cifically associated with Chrysopidae species, some of which have a 
preference for trees species while others prefer herbaceous species 
(Aspöck et al., 1980; Duelli et al., 2002; Monserrat and Marín, 2001, 
1994; Nielsen, 1977; Sziraki, 1996; Villenave-Chasset and Denis, 2013). 

In Mediterranean olive orchards, the predominant genera are Chrys
operla Steinmann, 1964 and Pseudomallada Tsukaguchi, 1995 (Szent
királyi, 2001a). Chrysoperla carnea sensu lato (Stephens, 1836), in 
particular, which is present in olive orchards all year round, plays a key 
role in the predation of the eggs and larvae of the olive moth, Prays oleae 
(Bernard, 1788), one of the principal olive pests (Campos, 1989; Ramos 
et al., 1984a; Szentkirályi, 2001a). Furthermore, due to its agricultural 
importance, C. carnea s.l. was declared insect of the year in 1999 (Dathe, 
1999). While the precise characterization of certain sibling C. carnea s.l. 
species with respect to morphological characteristics, habitat, courtship 
songs and molecular techniques has provided a better understanding of 
their biology and ethology in the context of the conservation biological 
control (Cordero-Rivera and Galicia-Mendoza, 2017), their taxonomy 
has not been fully elucidated (Monserrat, 2016). Furthermore, recent 
studies have identified three new Chrysopidae species in the Pseudo
mallada complex (Duelli and Henry, 2020; Duelli and Obrist, 2019), 
which has been taxonomically affected by the rediagnosed genus Aper
tochrysa Tjeder, 1966 (Breitkreuz et al., 2021). 

Previous studies of SNHs have revealed how Chrysopidae use vege
tation cover for reproduction and feeding (Alcalá Herrera et al., 2019b; 
Franin et al., 2016; McEwen and Ruiz, 1994; Villenave et al., 2005, 
2006) which also has a positive impact on Chrysopidae abundance and 
diversity in olive orchards (Porcel et al., 2017). Earlier studies found 
that tree species in adjacent SNHs sometimes boost Chrysopidae abun
dance in citrus orchards and, at other times, diminish their abundance in 
carrot crops (Mignon et al., 2003; Sorribas et al., 2016). González et al. 
(2008) found that Chrysopidae abundance and diversity in an olive or
chard adjacent to Pinus halepensis Mill. (pine) trees were lower than in 
one bordered by Quercus rotundifolia Lam. (oak) trees. 

In this context, our study aimed to evaluate the attraction of green 
lacewing adults to different tree species in SNHs adjacent to Mediter
ranean olive orchards to promote their populations in olive orchard. On 
the one hand, to identify the potential of each tree species to improve 
Chrysopidae species which could help to increase a P. oleae pest control. 
In the SNHs of the olive orchards studied, the predominant tree species 
were Q. rotundifolia, Prunus dulcis (Mill.) D. A. Webb (almond) and 
P. halepensis, which bordered the olive orchards in vegetation patches 
and individually. We therefore hypothesized that green lacewing 
abundance and diversity in each tree species differ, while the presence of 
P. oleae in the agro-ecosystems may influence the Chrysopidae 
community. 

2. Material and methods 

2.1. Area of study 

The study was carried out in the province of Granada in the south of 
Spain, where 49,927 hectares (ha) are devoted to olive orchards (Junta 
de Andalucía, 2014a). Interspersed in a landscape dominated by olive 
orchards are vegetation patches bordering and/or inside the cultivated 
crop areas composed of P. halepensis, Q. rotundifolia, P. dulcis and 
Quercus coccifera L. (Fagales: Fagaceae) trees and/or native shrubs such 
as Juniperus oxycedrus L. (Pinales: Cupressaceae), Cistus albidus L. 
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(Malvales: Cistaceae), Cistus clusii Dunal (Malvales: Cistaceae), Genista 
cinerea (Vill.) DC. (Fabales: Fabaceae), Lavandula latifolia Medik. (Lam
iales: Lamiaceae), Pistacia terebinthus L. (Sapindales: Anacardiaceae) and 
Rosmarinus officinalis L. (Lamiales: Lamiaceae). These types of vegetation 
are the remains of pre-crop vegetal formations, reforestation and, in 
some cases, plants sown by farmers. 

Weather conditions are characterized by an oceanic-pluviseasonal 
Mediterranean bioclimate, an upper meso-Mediterranean thermotype 
and a low subhumid ombrotype, with an annual average temperature 
and precipitation of 14 ◦C and 672.3 mm, respectively (Valle Tendero 
et al., 2005). 

We selected five organic olive orchards (Olea europaea L.) of a Picual 
variety (Table 1) located at similar altitudes of between 800 and 1100 m 
above sea level, covering an area of between 0.9 and 215 ha. All five 
olive orchards have spontaneous vegetation cover, which is removed by 
mowing, tillage or grazing between April and May. In addition, during 
the post-harvest period, the soil was fertilized with organic material, and 
crushed pruning waste was placed in the rows between orchards to 
create inert cover. The incidence of the pest P. oleae and the disease 
Fusicladium oleagineum, was remedied by timely and targeted treatments 
(one for the pest in local patches and two for the disease) with Bacillus 
thuringiensis var. kurstaki (strain PB54) and copper oxychloride (50–70 
% w/v), which are listed in Annex II of Commission Regulation (EC) no. 
889/2008 concerning organic management (European Union, 2008). 

2.2. Collection of Chrysopidae from tree species 

Chrysopidae adults and larvae were collected from a total of 75 trees 
per species – olive, oak, almond and pine – per sampling date from five 
sites, whose distribution in each site depended on their availability in 
each olive orchard (Table 1). The trees were randomly selected, with a 
minimum distance of 15 m between trees to ensure spatial indepen
dence. Almond, oak and pine trees were located in the SNHs edge and in 
the vegetation patch in SNHs, and olive trees were part of the orchard. 
Canopy suction samples were obtained using a field aspirator (Insecta
Zooka BioQuip®, Rancho Dominguez, CA, USA), which was pre-tested 
for capturing small arthropods, especially Chrysopidae (Doxon et al., 
2011; Hossain et al., 1999; Macleod et al., 1994; Samu and Sarospataki, 
1995; Sanders and Entling, 2011; Sorribas et al., 2016; Wilson et al., 
1993). For each sample, the aspirator was moved up to a height of three 
meters for two minutes to cover the whole sampled tree. This precise 
suction sampling technique enables arthropod fauna to be collected, 
specifically from individual trees and/or vegetation cover of interest, 
differs from other methods, such as water traps and McPhail traps, and 
can also collect larger quantities of arthropods than pitfall traps or 
branch beating sampling (Brook et al., 2008). A total of 13 samplings 
were carried out fortnightly between April and October 2016. The 
sampling period was chosen to avoid winter inactivity of the olive or
chard insect community (Ruano et al., 2004; Santos et al., 2007). The 
suction samples were cold-stored in the field and stored in a freezer at 
− 20 ◦C until identification. The adult Chrysopidae collected were 
counted and identified under a stereomicroscope (Nikon SMZ 800; 
Nikon, Tokyo, Japan) up to species level according to Monserrat (2016), 
Duelli and Henry (2020) and (Canard and Thierry, 2017) keys, as well as 

to the latest taxonomic review of the genus Apertochrysa (Breitkreuz 
et al., 2021). 

2.3. Presence and infestation of P. Oleae 

The presence of P. oleae adults was monitored over three generations 
using funnel traps (Econex TA027; Sanidad Agrícola Econex S.l., San
tomera, Murcia, Spain), a pheromone lure and Snailnex® insecticide 
(Sanidad Agrícola Econex S.l., Santomera, Murcia, Spain). Ten funnel 
traps (two per site), placed at least 150 m apart, were inspected monthly 
from April to November 2016 and every-eight or ten days in June and 
July. Prays oleae adults collected was expressed as the number of adults 
collected per trap per day (ATD) index (Equation (1)). This is a well- 
known and commonly used index to express the presence of P. oleae 
adults (Civantos, 1999; Junta de Andalucía, 2014b; Ramos et al., 1998, 
1984b). 

ATD =
Number of adults collected in both traps

Number of traps × number of days elapsed
(1) 

To measure the infestation of the phyllophagous, anthophagous and 
carpophagous generations of P. oleae in each olive orchard, damage to 
specific vegetative organs in each generation was examined under a 
stereomicroscope. 

Phyllophagous generation (April-May; two samplings) – 10 randomly 
selected shoots from 10 randomly selected olive trees per site per sam
pling (100 shoots in total) were collected, the shoots attacked were 
counted and the percentage of shoots attacked per tree was calculated 
(Equation (2)). 

%shoots attacked =
Number of shoots attacked
Number of shoots observed

× 100 (2) 

Anthophagous generation (May-June; two samplings) – two randomly 
selected inflorescences per shoot in each of the 50 shoots from five olive 
trees selected at random per site per sampling (100 inflorescences in 
total) were inspected; the eggs incubated, hatched and predated were 
counted in order to calculate the percentage of inflorescences attacked 
(Equation (3)) and eggs predated (Equation (4)) per tree. 

%inflorescences attacked =
Number of inflorescences attacked
Number of inflorescences observed

× 100 (3)  

%eggs predated =
Number of eggs predated

Total number of eggs counted
× 100 (4) 

Carpophagous generation (July; two samplings) – two randomly 
selected fruits per shoot in each of the 50 shoots from five olive trees 
selected at random per site per sampling (100 fruits in total) were 
examined; the eggs incubated, hatched and predated were counted to 
calculate the percentage of fruits attacked (Equation (5)) and eggs pre
dated (Equation (6)) per tree. 

%fruits attacked =
Number of fruits attacked
Number of fruits observed

× 100 (5)  

%eggs predated =
Number of eggs predated

Total number of eggs counted
× 100 (6) 

Table 1 
Site characteristics and number of tree species sampled in each site.  

Site Coordinates (datum: WGS 84) Area (ha) Number of trees sampled 

Almond Oak Olive Pine Total 

Norberto 37◦19′5.96′′N; 3◦34′9.92′′W 4.3 25 15 15 25 80 
La Pedriza 37◦20′17.44′′N; 3◦33′39.21′′W 0.9 – 15 15 25 55 
Los Almendros 37◦22′24.76′′N; 3◦37′46.03′′W 215 25–26 15 15 – 55–56 
Píñar (right) 37◦24′14.29′′N; 3◦29′14.13′′W 58 – 15 15 25 55 
Píñar (left) 37◦24′40.93′′N; 3◦28′52.41′′W 124 24–25 15 15 – 54–55 
Total   75 75 75 75 300  
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2.4. Statistical analysis 

We analysed the data using R version 3.5.0 (R Development Core 
Team, 2017) and R Studio software (RStudio Team, 2016) together with 
the packages glmmTMB (Brooks et al., 2017), lme4 (Bates et al., 2014) 
and vegan (Oksanen et al., 2018). For each model, residuals were 
examined for model validation using the DHARMa package (Hartig, 
2018). We checked fixed factors for significance using Wald tests with 
the aid of the car package (Fox and Weisberg, 2019), as well as multiple 
comparisons between fixed factor levels for significance using lsmeans, 
emmeans and multcomp packages (Hothorn et al., 2008; Lenth, 2020, 
2016). 

To investigate the effect of site and tree species on the number of the 
Chrysopidae adults and larvae collected, suction sampling data were 
analysed using generalized linear mixed models (GLMM) combined with 
a negative binomial (NB) distribution to correct for overdispersion. In 
each model, sampling date was established as a random effect to account 
for repeated measures on the same site and tree species at different 
times, as well as variations in population dynamics. Species richness, 
which was calculated as the number of Chrysopidae adult species 
collected per sample, was analysed using a Poisson GLMM to determine 
the effect of the tree species and site as a fixed factor and sampling date 
as a random factor. Species diversity was calculated using the Shannon- 
Wiener diversity index (hereafter referred to as Shannon diversity). 
During the preliminary data analysis stage, we noticed that data distri
bution was not normal. Thus, before calculating Shannon diversity, the 
numbers of Chrysopidae adults collected were grouped by tree species 
and sampling date. Shannon diversity was modelled using a linear mixed 
model (LMM) with a Gaussian distribution with tree species as a fixed 
factor and sampling date as a random factor. Following univariate 
analysis, principal response curve (PRC) analysis was used to explore 
both the temporal dynamics of the Chrysopidae adult community and 
the contribution of each Chrysopidae species to these dynamics for each 
tree species, according to the method described by Auber et al. (2017). A 
Hellinger transformation was applied to the Chrysopidae species count 
data to reduce the predominance of major Chrysopidae species values, 
as recommended by Borcard et al. (2011). PRC analysis is a multivariate 
method based on partial redundancy analysis developed by Van den 
Brink and Ter Braak (1999). The PRC is graphically represented by the 
canonical coefficient (Cdt) on the y axis against time on the x axis. Cdt 
was used to quantify the pattern of community responses relative to the 
control. The olive trees, which were designated as control and were 
represented by a horizontal line in the PRC graph, acted as a reference to 
evaluate its relationship with the other tree species. The sign of the Cdt 
indicates the type of community response and is interpreted by com
parison with the signs of species weight (bk) (Auber et al., 2017). A Cdt of 
up to zero indicates that abundance of Chrysopidae species is higher 
than that of the control (olive tree) in this period. Conversely, a Cdt of 
less than zero shows that Chrysopidae abundance is lower than that of 
the control (olive tree) in this period. In the same graph, bk quantifies the 
contribution of each individual Chrysopidae species with respect to the 
overall community response. A bk value of up to 0.5 indicates that the 
response of the species is likely to follow the pattern in the PRC graph, 
with bk values of between − 0.5 and 0.5 indicating a weak response, 
while high negative bk values of up to − 0.5 denote a reverse trend from 
that in the PRC graph (Auber et al., 2017). A Monte Carlo permutation 
test, with 999 permutations, was performed to test the significance of 
the y axis. 

Prays oleae infestation was analysed in order to evaluate differences 
between the sampled sites by determining the percentage of shoots, 
inflorescences and fruits attacked, as well as eggs predated, in the 
phyllophagous, anthophagous and carpophagous generations using a 
GLMM with a beta-binomial distribution to correct for overdispersion. 
Models included site as a fixed factor and sampling date as a random 
effect in order to correct for repeated measures over time. To investigate 

the relationship between the number of Chrysopidae collected and the 
P. oleae infestation, the total Chrysopidae adults and larvae collected in 
the olive trees per site at the same period of P. oleae sampling date 
(anthophagous and carpophagous generations) were analysed in two 
different models using a GLMM with a NB distribution for Chrysopidae 
adults and a Poisson distribution for Chrysopidae larvae. The models 
included the percentage of eggs predated as a fixed factor in both models 
and as a random factor: sampling date in the model for Chrysopidae 
adults, as well as the sampling date and site in the model used for 
Chrysopidae larvae. 

3. Results 

3.1. Collection of Chrysopidae from tree species 

A total of 3477 individual Chrysopidae (2918 adults as compared to 
559 larvae) were collected between April and October 2016 (Table A.1). 
The smallest number of captures was in April (21 individuals), while the 
largest number of both adults and larvae were collected in September 
(800 individuals), with intermediate values being recorded in the other 
months (Table A.1). 

Adult Chrysopidae vacuumed from the four tree species showed the 
following significant variations (GLMM, χ2 = 541.34, d.f. = 3, P <
0.001) (Fig. 1A, Table A.2): oak trees recorded by far the largest number 
of adult Chrysopidae (mean ± SE) (1.42 ± 0.07; 1381 adults), followed 
by olive trees (0.87 ± 0.05; 848 adults), almond trees (0.50 ± 0.04; 486 
adults) and pine trees (0.21 ± 0.02; 203 adults). With respect to seasonal 
numbers of adult Chrysopidae associated with the different tree species 
(Fig. 2), oak trees reached a peak in early July (2.73 ± 0.32) and 
September (2.44 ± 0.37), while adult Chrysopidae in olive trees were 
abundant from May, decreased in early July, and reached a peak in late 
September (2.75 ± 0.29) and also in October (2.24 ± 0.24). On the other 
hand, the number of adult Chrysopidae in both pine and almond trees 
peaked at the beginning of June (0.87 ± 0.19 and 1.49 ± 0.21, 
respectively), while almond trees again reached a peak at the beginning 
of September (0.96 ± 0.22) (Fig. 2). The number of adult Chrysopidae 
collected also differed significantly between sites (GLMM, χ2 = 127.25, 
d.f. = 4, P < 0.001) (Fig. 1B, Table A.2), with the Norberto site (0.92 ±
0.05; 958 adults) recording the largest number of adult Chrysopidae as 
compared to the other sites. Oak trees clearly showed the highest values 
for Shannon diversity (mean ± SE) (1.80 ± 0.06) (LMM, χ2 = 44.90, d.f. 
= 3, P < 0.001) and species richness (mean ± SE) (0.99 ± 0.04) (GLMM, 
χ2 = 681.61, d.f. = 3, P < 0.001) (Fig. 3A and C, Table A.2). Species 
richness also differed significantly between sites (GLMM, χ2 = 108.93, d. 
f. = 4, P < 0.001) (Fig. 3B, Table A.2), with the Norberto site (0.62 ±
0.03) recording the highest richness compared to the other sites. 

Although the sampling method was particularly oriented towards the 
capture of adult Chrysopidae, larvae were also collected, whose 
numbers in the tree species varied significantly (GLMM, χ2 = 162.72, d. 
f. = 3, P < 0.001) (Fig. 1, Table A.2): olive trees (0.27 ± 0.02; 259 
larvae) had the largest number of larvae collected, with pine trees (0.06 
± 0.01; 62 larvae) showing an opposite trend, while almond and oak 
trees both recorded intermediate values without any significant statis
tical differences being observed. The seasonal number of larvae associ
ated with oak trees peaked at the end of June (0.49 ± 0.08), while 
Chrysopidae larvae increased steadily in olive trees from the beginning 
of May, reached a maximum in early July (0.67 ± 0.12), diminished and 
did not increase again until the months of September and October 
(Fig. 2). In almond trees, the number of larvae increased from late May 
and peaked in early August (0.37 ± 0.09), and, from then on, began to 
decline. On the other hand, the number of larvae in pine trees remained 
almost flat during the study period (Fig. 2). Distribution among sites also 
varied significantly (GLMM, χ2 = 95.64, d.f. = 4, P < 0.001) (Fig. 1 and 
Table A.2): the Norberto site (0.23 ± 0.02; 235 larvae) presented the 
largest number of larvae as compared to La Pedriza, Los Almendros, 
Píñar (right) and Píñar (left), with no significant differences observed 
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between the latter four sites. 
We collected the 2918 Chrysopidae adults belonging to 20 species 

from the following seven genera of the Chrysopidae family: Apertochrysa 
(six species), Chrysopa Leach, 1815 (four species), Chrysoperla (four 
species), Pseudomallada (three species), Cunctochrysa Hölzel, 1970 (one 
species), Italochrysa Principi, 1956 (one species), and Rexa Navás, 1920 
(one species) (Table A.3). 

The most abundant species were Chrysoperla mutata (McLachlan, 
1898) (0.20 ± 0.01; 774 adults), followed by Chrysoperla pallida Henry 
et al., 2002 (0.13 ± 0.01; 520 adults), Pseudomallada (prasinus) pp3 
(Duelli and Henry, 2020) (0.12 ± 0.01; 460 adults), Chrysoperla lucasina 
(Lacroix, 1912) (0.11 ± 0.01; 424 adults), Apertochrysa benedictae 

(Séméria, 1976) (0.04 ± 0.00; 168 adults) and Pseudomallada (prasinus) 
pp2 (Duelli and Henry, 2020) (0.04 ± 0.00; 160 adults) (Table A.3). The 
following species, which ranged from 1 to 81 adults collected, were 
much less abundant: Apertochrysa picteti (McLachlan, 1880), Pseudo
mallada (prasinus) pp1 (Duelli and Henry, 2020), Cunctochrysa baetica 
(Hölzel, 1972), Apertochrysa granadensis (Pictet, 1865), Chrysoperla 
mediterranea (Hölzel, 1972), Apertochrysa flavifrons (Brauer, 1851), 
Chrysopa viridana Schneider, 1845, Chrysopa formosa Brauer, 1851, 
Apertochrysa ibericus (Navás, 1903), Rexa almerai (Navás, 1919), Aper
tochrysa subcubitalis (Navás, 1901), Chrysopa dorsalis Burmeister, 1839, 
Chrysopa pallens (Rambur, 1838) and Italochrysa italica (Rossi, 1790) 
(Table A.3). 

Fig. 1. Number of Chrysopidae adults and larvae collected per tree (mean ± SE) in A) each tree species and B) site. Different letters indicate statistically significant 
differences between Chrysopidae adults (capital letters) and larvae (lower case letters) (GLMM, Tukey’s test, P < 0.05). 

Fig. 2. Number of Chrysopidae adults and larvae (mean ± SE) collected from almond, oak, olive and pine trees on each sampling date.  
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PRC analysis of adults showed deviations from the olive tree species 
during the period of the study, which were especially marked from the 
end of June when the total number of adult Chrysopidae increased in the 
agroecosystems (Fig. 4). We observed positive deviations of oak trees 
from olive tree species during the end of June until the beginning of 
August, followed by slight or negative deviations (Fig. 4). Meanwhile 
almond trees showed a slight positive deviation at the end of June, 
followed by slight or negative deviations (Fig. 4). However, pine trees 
recorded negative deviations virtually throughout the whole period of 
the study. The species Chrysoperla mutata, C. pallida, P. (prasinus) pp3, 
A. benedictae and P. (prasinus) pp2 were the principal contributors to the 
community deviations observed (Fig. 4). Although C. mutata was mainly 
collected from the almond, oak and olive trees, the number of adults 
mostly varied between oak and olive trees (Table A.3). The numbers of 
Chrysoperla mutata in oak tree species, which reached a peak in August, 
then diminished, especially with respect to olive tree species (Table 
A.3). Chrysoperla pallida, P. (prasinus) pp3 and P. (prasinus) pp2 reached a 
peak in July in oak trees and then diminished in favour of olive and 
almond tree species (Table A.3). On the other hand, A. benedictae was 
most commonly found in the oak tree species, with a peak in September 
and fewer captures from almond, olive and pine tree species (Table A.3). 

With regard to the other Chrysopidae species, it has to be emphasized 
that C. lucasina specimens were collected from all tree species, partic
ularly between May and July from almond, oak and pine trees, as well as 
from olive tree species in April and October (Table A.3). While not 
contributing to the deviations observed, C. mediterranea, A. granadensis 
and A. picteti were the Chrysopidae species most commonly found in 
pine trees (Table A.3). 

3.2. Presence and infestation of P. Oleae 

According to the ATD index, P. oleae adults appeared in April and 
continued to increase before reaching a peak at the end of June (mean ±
SE) (217.43 ± 36.26), when they began to decrease drastically before 
disappearing altogether in August and then only reappeared in October 
(38.28 ± 14.59) (Figure A.1). 

With respect to the infestation of the phyllophagous generation of 
P. oleae, the percentage of shoots attacked was significantly higher in 
Norberto (mean ± SE) (90.00 ± 2.29) than in the Los Almendros site 
(77.00 ± 2.91), although neither site differed significantly from the 
other sites (GLMM, χ2 = 10.60, d.f. = 4, P < 0.05) (Fig. 5A and Table 
A.2). 

Fig. 3. Species richness (mean ± SE) in A) tree species and B) Site, and Shannon diversity in C) tree species. Different letters indicate statistically significant dif
ferences between tree species and site (GLMM to species richness and LMM to Shannon diversity, Tukey’s test, P < 0.05). 

Fig. 4. PRC graph showing the effect of almond, oak, pine and olive trees on the Chrysopidae species composition collected from tree species on each sampling date 
by of suction sampling. The y axis was significant (Monte Carlo permutation test, P < 0.05). 

R. Alcalá Herrera and F. Ruano                                                                                                                                                                                                             



Biological Control 174 (2022) 105003

7

With regard to the anthophagous generation, the percentage of in
florescences attacked varied significantly between the Píñar (left) (51.00 
± 4.64) and Norberto (31.00 ± 5.57) sites, neither of which differed 
from the other sites (GLMM, χ2 = 17.28, d.f. = 4, P < 0.01) (Fig. 5B and 
Table A.2). On the other hand, the percentage of eggs predated was 
significantly higher in La Pedriza (32.99 ± 7.59) and Norberto (25.45 ±
6.33) than in Píñar (left) (5.53 ± 1.72) and Píñar (right) (5.92 ± 2.74) 
(GLMM, χ2 = 42.76, d.f. = 4, P < 0.001) (Fig. 5B and Table A.2). 

The carpophagous generation did not show any variations in the 
percentage of fruits attacked between the different sites (GLMM, χ2 =

1.60, d.f. = 4, P = 0.900) (Fig. 5C and Table A.2). On the other hand, the 
percentage of predated eggs was significantly higher in La Pedriza 
(84.21 ± 2.06) and Norberto (87.09 ± 2.23) than in the other sites 
(GLMM, χ2 = 73.53, d.f. = 4, P < 0.001) (Fig. 5C and Table A.2). 

The number of Chrysopidae adults was unrelated to the percentage 
of predated eggs for the anthophagous and carpophagous generations 
(GLMM, χ2 = 1.34, d.f. = 1, P = 0.250) (Fig. 6A and Table A.2). How
ever, the number of Chrysopidae larvae was significantly correlated with 
the percentage of predated eggs during the anthophagous and car
pophagous generations (GLMM, χ2 = 5.37, d.f. = 1, P < 0.05) (Fig. 6B 
and Table A.2). 

4. Discussion 

Our study shows that the presence of almond, oak and pine trees 
adjacent to the olive orchard had a positive effect on the Chrysopidae 
community. The increased abundance of adult Chrysopidae in the 
different tree species translated into an increase in the abundance of 
larvae in olive trees, during the anthophagous and carpophagous gen
erations of olive moths. 

SNHs, which provide suitable refuge, oviposition and overwinter 
sites, as well as alternative food resources, are valuable structures for 
conserving and promoting Chrysopidae populations (Szentkirályi, 
2001b). In vineyards, SNHs increase both the abundance and diversity of 
Chrysopidae on vine canopies (Serée et al., 2020). SNHs, such as 
hedgerows, windbreaks, shelterbelts, flower strips and cover vegetation, 
bordering and within cultivated crop areas, differ according to their 
floral composition and structure (Holland et al., 2016). Previous studies 
have reported that the presence of garrigue vegetation, legume fields or 
native vegetation, such as Spartium, Cistus, Rosmarinus, Pistacia, Pinus 
and Quercus, surrounding olive orchards, produces Chrysopidae assem
blages displaying the largest number of species and highest abundance 
levels inside these orchards (Alrouechdi et al., 1980; Campos and 
Ramos, 1983; Canard et al., 1979). Furthermore, Porcel et al. (2017) 
have demonstrated that spontaneous vegetation cover could play an 
important role in enhancing the abundance and diversity of Chrysopidae 

on olive tree canopies. Having simultaneously collected samples from 
tree species in SNHs and from the olive trees, we found that adult 
Chrysopidae were most attracted to oak trees and least attracted to pine 
trees. This appears to corroborate the results of González et al. (2008), 
who observed that olive orchards bordering oak trees (Q. rotundifolia) 
have higher Chrysopidae abundance than those next to pine trees 
(P. halepensis). We found that Chrysopidae species richness levels in our 
organic olive orchards were higher than those reported by Porcel et al. 
(2013) for olive orchards subjected to conventional agronomic man
agement. This could be explained by the use of pesticides which have a 
negative impact on species richness and diversity (Porcel et al., 2013). 
Furthermore, we showed that oak trees had higher Shannon diversity 
and species richness than the other tree species. This could be explained 
by the specificity of the Chrysopidae community in relation to the 
vegetation (Monserrat and Marín, 1994), the suitability of the food re
sources, as well as the refuge and reproduction sites of each tree species 
(Alcalá Herrera et al., 2019a). 

Regarding the Chrysopidae larvae collected, olive trees recorded 
significantly higher number of Chrysopidae larvae than other tree spe
cies, which reached peak levels between late June and early July. We 
found that the number of Chrysopidae larvae significantly correlated 
with the percentage of predated eggs during the anthophagous and 
carpophagous generations of Prays oleae. On the other hand, the number 
of Chrysopidae adults was unrelated to the percentage of predated eggs, 
as most of the Chrysopidae adult species collected were non-predatory. 
Previous studies have reported that C. carnea s.l. are attracted by the 
carpophagous generation of P. oleae, during which their highest egg 
predation rates have been recorded (Ramos et al., 1984a), while sero
logical tests have confirmed that C. carnea s.l. feed on P. oleae eggs 
(Morris et al., 1999). Furthermore, the biological control of P. oleae is 
also driven by other predators such as Formicidae, Heteroptera and 
Arachnida (Álvarez et al., 2021; Morris et al., 1999), which were not 
investigated in our study. Tree species in SNHs are invaluable, and 
further studies of the temporal dynamics of Chrysopidae and intraguild 
predator communities need to be carried out in order to measure P. oleae 
egg consumption in relation to conservation biological control in olive 
orchards. 

On the other hand, Chrysopidae abundance levels were very similar 
at site level except for Norberto and Píñar (left), which had the highest 
and lowest abundance, respectively, thus showing that the Chrysopidae 
community in the area covered by the study is quite stable. The highest 
abundance and species richness levels were observed in the Norberto 
site, which might be due to the presence of the almond, oak and pine tree 
species in the areas surrounding the olive orchard. Thus, a broad di
versity of habitats and food sources might attract a large number of adult 
Chrysopidae. This situation has also been described when spontaneous 

Fig. 5. Prays oleae infestation per tree (mean ± SE) in A) the phyllophagous generation (percentage of shoots attacked), B) anthophagous generation; percentage of 
inflorescences attacked (left axis) and eggs predated (right axis) and C) the carpophagous generation; percentage of fruits attacked (left axis) and eggs predated (right 
axis) in each site. Different letters indicate statistically significant differences between sites with lower case letters to indicate shoots, inflorescences and fruits 
attacked and capital letters for eggs predated (GLMM, Tukey’s test, P < 0.05). 
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vegetation cover was established in olive orchards (Porcel et al., 2017) 
and when different types of SNHs (vegetation cover and hedgerows) 
were combined, as Sorribas et al. (2016) have reported in relation to 
citrus orchards. In vineyards, Serée et al. (2020) found that Chrysopidae 
abundance is more affected by the proportion of SNHs than by the 
landscape configuration, which is influenced by factors such as patch 
size and connectivity. Furthermore, Serée et al. (2020) have shown the 
impact of a positive interaction between landscape context and sampling 
period on Chrysopidae population dynamics. Meanwhile, Alves et al. 
(2021) have reported that land uses such as shrublands, grasslands and 
vineyards, as well as pine and oak forests surrounding olive orchards, do 
not affect C. carnea s.l. populations. Alves et al. (2021) have attributed 
their results to the impact of meteorological parameters on C. carnea s.l. 
dispersal strategies. 

Despite their uniform morphological traits, Chrysopidae have 
different biological and ecophysiological characteristics (Canard, 1998). 
It is therefore important to increase our knowledge of their temporal 
dynamics at species level in order to better understand the factors that 
influence their spatial cycles and their availability to contribute to 
biological control (Paulian, 2001). Most of the 20 Chrysopidae species 
collected in our study were previously found in Spanish olive orchards 
(Campos and Ramos, 1983; González et al., 2008; Monserrat, 2016; 
Porcel et al., 2017), except to A. benedictae, P. (prasinus) pp1, pp2 and 
pp3, which, to the best of our knowledge, were identified for the first 
time in Spanish olive orchards. Our study shows that tree species plays 
an important role in Chrysopidae temporal dynamics. Monserrat and 
Marín (1994) have reported that different types of vegetation, herba
ceous, shrubs and tree species are specifically associated with Iberian 
Chrysopidae species. Between the months of April and October, we 
collected the species C. mutata, C. pallida, P. (prasinus) pp3, A. benedictae 
and P. (prasinus) pp2, which were mainly responsible for the differences 
between the tree species. As with C. mediterranea and pine trees, 
A. benedictae was found to be markedly specific to oak trees. Meanwhile, 
C. mutata, C. pallida, P. (prasinus) pp3 and P. (prasinus) pp2 were 
recorded in almond, oak and olive trees, with slight differences between 
the tree species, which may be indicative of differing behaviour pat
terns. Except for the genus Chrysopa, most Chrysopidae species collected 
from almond, oak, pine and olive tree species are basically palyno- 
glycophagous. This indicates that the tree species sampled could be 
used for refuge, feeding and reproduction purposes as most of the 
Chrysopidae community was shared by all the tree species studied. In a 
previous study, we confirmed that the most abundant adult Chrys
opidae, C. pallida, C. mutata, C. lucasina and P. prasinus, collected in our 
current study use mainly almond, oak and olive trees for reproduction 
(Alcalá Herrera et al., 2019a). Furthermore, Villa et al. (2019) have 
reported that C. carnea s.l. collected from olive orchards feed on pollen 

grains from trees, shrubs and herbaceous species such as O. europaea, 
Fabaceae, Pinaceae, Cistaceae and Ericaceae, as well as on pollen settled 
on vegetation surfaces. As also reported by Villa et al. (2019) adult 
Chrysopidae collected from olive trees in September and October in our 
study may consume olive pollen grains on olive tree surfaces and com
plement their diet with other pollen grains from surrounding plant 
species. 

Unfortunately, according to field observations by Szentkirályi (1991) 
and (Alcalá Herrera et al., 2022) with regard to arable crops, SNHs 
adjacent to crops could prevent female Chrysopidae from laying their 
eggs in the crop. The weak response of Chrysopidae oviposition to pests 
may be a consequence of the non-predatory nature of most of the 
Chrysopidae species collected; egg laying by these species does not 
appear to be related to pest abundance, and there is a time-lag between 
the migratory flight of Chrysopidae and oviposition (Duelli, 1984; Rácz 
et al., 1986; Sakuratatani, 1986; Szentkirályi, 1991). With regard to 
Chrysopidae movement in the agroecosystem, Lefebvre et al., (2017) 
observed that Chrysopidae prefer to frequently move from adjacent 
SNHs to the orchard. Furthermore, Duelli (2001) found that Chrys
opidae, which return to the field crop following the winter diapause, 
behave nomadically during the reproductive period in order to reduce 
the risk to the offspring in unpredictable, temporary and patchy habi
tats. Unlike Lefebvre et al., (2017), we did not mark individual Chrys
opidae in the SNHs in order to confirm their movements between the 
olive tree and SNHs. However, based on the Chrysopidae captured, in 
our study, Chrysoperla sp. and Pseudomallada sp. may have been 
involved in the movements between the tree species in SNHs and the 
olive orchard. 

Although C. lucasina was mainly captured between May and July (a 
total of 424 individuals), its contribution to global changes in the 
Chrysopidae community structure was limited according to the bk value 
in the PRC. Chrysoperla lucasina is an opportunistic species attracted by 
herbaceous vegetation (Alcalá Herrera et al., 2020; Villenave et al., 
2005). All olive orchards in our study have spontaneous vegetation 
cover, which can provide food resources such as pollen, nectar and 
honeydew in spring and summer (Alcalá Herrera et al., 2020; Gonzalez 
et al., 2016; Villenave et al., 2005). Furthermore, C. lucasina use the tree 
species studied for the purposes of oviposition (Alcalá Herrera et al., 
2019a) and possibly also for refuge (Duelli 2001). This could explain the 
captures of C. lucasina in almond, oak, pine and olive trees up to the 
month of July due to the removal of vegetation cover between the 
months of April and May. 

5. Conclusions 

We showed that adult Chrysopidae had the highest levels of 

Fig. 6. Predicted GLMM values (±95 % CI) for the number of (A) Chrysopidae adults (χ2 
= 1.34, d.f. = 1, P = 0.250) and (B) Chrysopidae larvae (χ2 

= 5.37, d.f. = 1, 
P < 0.05) relative to the percentage of predated Prays oleae eggs. 
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abundance, species richness and diversity in oak trees and the lowest 
abundance, richness and diversity levels in pine trees; olive trees 
recorded the most abundance of Chrysopidae larvae, with pine trees 
recording the lowest levels. Regarding sites, Norberto had the largest 
number of Chrysopidae adults and larvae, probably due to the presence 
of all the tree species studied. In our study area, a total of 20 Chrys
opidae species were collected, with a predominance of the species 
C. mutata, C. pallida, P. (prasinus) pp3, A. benedictae and P. (prasinus) pp2, 
which were responsible for the temporal deviations in the Chrysopidae 
community among the different tree species. Chrysoperla mutata and 
C. pallida had a preference for olive trees, while A. benedictae, 
P. (prasinus) pp2 and pp3 preferred oak trees. Furthermore, we observed 
a positive relationship between the number of Chrysopidae larvae and 
the percentage of predated eggs in the anthophagous and carpophagous 
generations of Prays oleae. Our study has important implications for the 
protection and promotion of SNHs in agricultural landscapes aimed at 
conserving and maintaining Chrysopidae in olive orchards. We recom
mend planting oaks and almond trees around olive orchards. Both these 
tree species attract Chrysopidae species which are predominant in olive 
agroecosystems. However, further research is required to investigate the 
connection between the effect of temporal variations in the Chrysopidae 
community on P. oleae pest control in olive orchards and their interac
tion with the SNH design. 
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Franin, K., Barić, B., Kuštera, G., 2016. The role of ecological infrastructure on beneficial 
arthropods in vineyards. Spanish J. Agric. Res. 14, 1–10. https://doi.org/10.5424/ 
sjar/2016141-7371. 
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