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Abstract: The olive tree is perfectly adapted to the Mediterranean region, where it represents high
economic, social, and landscape importance, olive orchards being an important repository of biodi-
versity. The order Coleoptera encompasses families that provide important ecosystem services, such
as pest limitation. The objective of this work was to compare the assemblage of families of Beetles
between the olive grove and their surrounding semi-natural landscape in Trás-os-Montes. The ground
beetles on four olive groves and their adjacent shrubland areas were sampled using pitfall traps near
Mirandela (Northeastern Portugal) in May and June of 2015 and 2016. Anthicidae, Staphylinidae,
and Scarabaeidae dominated the community. The richness of the families was significantly greater
in the olive grove in both years of study. On the contrary, the overall diversity did not significantly
differ. In both years, the complementarity between the areas was low, reflecting similar communities
in terms of families. Predators were dominant in both habitats; therefore, the surrounding landscape
could act as shelter and provide alternative resources to the community of Coleoptera inhabiting the
olive grove during disturbances derived from agricultural management.

Keywords: semi-natural; families; carnivores; herbivores; detritivores; fungivores; biological control

1. Introduction

The cultivation of the olive tree (Olea europaea L.) has great economic, social, and
landscape relevance throughout the Mediterranean basin, it being an important repository
of the edaphic fauna biodiversity [1–3]. The arthropod fauna inhabiting the soil of olive
groves is highly diverse and has a significant influence on the maintenance of fundamental
ecosystem services such as pest limitation [4,5]. Among soil invertebrates, the order
Coleoptera stands out for its great taxonomic and functional diversity [6], occupying
countless ecological niches [6–8]. Beetles feed on plants and animals so that the order
encompasses herbivore and predatory species as well as frugivores, detritivores, and
parasites [6,7,9,10]. Accordingly, the functional diversity of beetles is a key trait regarding
their ecological role in agroecosystems [5,11,12].

A pool of families of Coleoptera, such as Carabidae, Staphylinidae, and Elateridae, is
considered to include potential natural enemies against the main olive pests such as the
olive fly, Bactrocera oleae (Rossi, 1790) (Diptera: Tephritidae) [1,5,12,13]. Moreover, since
beetles are extremely sensitive to human alterations caused by the intensification of land
uses, they are considered to be excellent bioindicators of agricultural practices [14].

The crop intensification of the olive grove agroecosystem [15] is a threat to this group’s
diversity balance, resulting in reduced landscape complexity. In addition, agroecosystems
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maintain close links with the surrounding areas [16], adjacent semi-natural ones being
considered key biodiversity repositories where ecological interactions such as predator–
prey interactions are established. These dynamics are supported by the shelters and food
sources available outside the crop [17].

The surrounding landscape of olive groves can be essential to increasing the diversity
of beetles and enhancing the main ecosystem services including biological control [1].
However, the structure and ecology of the assemblage of beetles associated with the olive
grove agroecosystem are not yet fully understood. In the case of beetles, the families are
usually grouped according to feeding habits. For example, following Marinoni et al. [7],
beetles can be subdivided into five trophic groups: herbivores, algivores, fungivores,
detritivores, and carnivores. This high-taxonomical-rank functional approach could also
help to shed light on the role of beetles as potential natural enemies, and the term trophic
group is used here to group in the same class all of the species that use the same food
source in the same way. This work aimed to assess the assemblage of families inhabiting
the olive grove and adjacent Mediterranean shrublands and compare the diversity between
both habitats in the region of Trás-os-Montes (Portugal). We hypothesize that the type of
area (i.e., olive crops and Mediterranean shrublands) drives the total abundance and the
richness and diversity of families of Coleoptera.

2. Materials and Methods
2.1. Study Area

This study was conducted in the “Terra Quente Transmontana” region near Mirandela
(northeastern Portugal). According to the Köppen and Geiger classification, the region’s
climate is Csa-type [18], characterized by a temperate climate with hot and dry summers
and mild and humid winters, thus determining the typically Mediterranean vegetation and
agriculture. The study area’s average annual precipitation and temperature are 776 mm and
13.8 ◦C [19], respectively, with the soils classified predominantly as Leptosols [20]. Four
olive groves and their adjacent Mediterranean shrubland areas were selected. The char-
acteristics of the olive crops are described in (Supplementary Table S1). The surrounding
shrubland areas represent an important type of soil cover in the study area corresponding
to a typical Mediterranean habitat. These areas are mainly characterized by an herba-
ceous stratum dominated by plants belonging to the Asterceae, Poaceae, and Fabaceae
families, a stratum of shrubs dominated by Cistus ladanifer L., Cytisus sp., Lavandula sp.,
Rosmarinus officinalis L., Rubus ulmifolius Schott, and Crataegus monogyna Jacq, and an upper
layer dominated by trees such as Quercus rotundifolia Lam., Quercus pyrenaica Willd., and
Arbutus unedo L. [21].

2.2. Sampling of Arthropods

The sampling was conducted from May to June in 2015 (1 May to 20 June) and 2016
(1 May to 20 June) for seven weeks during the period of maximum arthropod activity in
the olive grove, since, after the hot summers in the study area, as the temperature decreases,
the arthropod abundance decreases as well [22]. In each olive grove and adjacent shrubland
area, nine pitfall traps were installed, which were regularly distributed in the form of a
3 × 3 grid, spaced approximately 50 m apart to minimize interference. At each sampling
point, a hole was dug in the soil with a width and depth sufficient to place a 200 mL plastic
cup (70 mm in diameter at the top and 90 mm in height) with its edge leveled to the soil
surface. Each trap was filled with 100 mL of a mixture of ethylene glycol, water, and
detergent (2:2:1) as a preservative solution. The plastic covers fixed to the ground with
wire were used to prevent flooding due to rainwater and the falling of medium/large-
sized animals (e.g., rodents and small lizards), thus making the preservative solution
impracticable and compromising the quality of the samples.

During the sampling periods, the traps were replaced weekly for seven consecutive
weeks. Afterwards, the traps were transported to the Agrobiotechnology Laboratory of
the Centro de Investigação de Montanha (CIMO, Portugal). The content of the traps was
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cleaned, and the individuals belonging to the beetles were sorted and preserved in 70%
ethanol for subsequent identification. The identification of the families was conducted
using a stereomicroscope and specific identification keys [10,23]. Finally, the identified
families were assigned to trophic groups following Marinoni [24] and Marinoni et al. [7].

2.3. Data Analysis

The community structure of Coleoptera was assessed in terms of total abundance and
the richness and diversity of the families. The data for each year of study (2015 and 2016)
were treated independently to avoid bias due to interannual variability. All of the statistical
analyses were performed in the R environment [25]. In terms of modelling, abundance was
calculated as the number of individuals present in each sample (N), while richness (S) was
calculated as the number of families present in each sample. The effect of the area type
(olive grove or shrubland) and the effect of the sampling week were investigated using
generalized estimating equations (GEE), an extension of the generalized linear models
(GLMs) assuming an interchangeable correlation structure between the samples (a single
correlation parameter, ρ) and the Poisson distribution due to count data [26,27].

A Venn diagram was built for each year of study, and a complementarity analysis [28]
was used to compare the pools of families in both habitats (olive grove and adjacent
shrubland areas) as:

Sjk = Sj + Sk + Vjk (1)

where Sjk is the total combined richness, Sj indicates the total family richness of the first
area, Sk indicates the total richness of the second area, and Vjk corresponds to the number
of families in common between the two areas. The number of unique species Ujk to either
inventory is:

Ujk = Sj + Sk + 2Vjk (2)

and the complementarity is measured by Cjk as:

Cjk = Ujk / Sjk (3)

where Cjk measures the complementarity and ranges from 0 (when the lists of organisms
are identical) to 1 (when the lists of organisms are completely different).

The ordination of families was assessed through canonical correspondence analysis
(CCA) using the “cca” function of the “vegan” package [29] such that the data matrix was
χ2-transformed and subjected to weighted linear regression on the drivers. Finally, the
Simpson Index was calculated as a measure of diversity per sample. The Simpson index [30]
reflects the probability that two individuals randomly captured in the community belong
to the same species. The greater this probability, the lower the degree of diversity this
community has. The index varies from 0 to 1, and the closer the value is to 1, the greater
the probability that the individuals belong to the same species—that is, the greater the
dominance and the lesser the diversity. The index was calculated for each year as:

D = ∑ ni ((ni − 1) / N (N − 1)) (4)

where D is the Simpson index, ni indicates the density of each family, and N represents the
total number of individuals in the sample. Subsequently, the index value was transformed
as 1-D to facilitate its direct interpretation in terms of diversity.

3. Results

In total, 4.742 individuals were captured, of which 2.016 were registered in 2015
and 2.726 were registered in 2016 (Table 1). Over the two years of study, the Anthicidae,
Staphylinidae, and Scarabaeidae families (1.074, 771, and 707 individuals, respectively)
were the most abundant, whereas the Buprestidae, Cleridae, and Ripiphoridae families (a
single individual captured from each family) were the least abundant (Table 1).
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Table 1. Abundance and Frequency (%) of Beetles Captured in Olive Groves (OG) and Adjacent
Shrubland Areas (ASA) in the Mirandela Region (Northeast Portugal) in 2015 and 2016. TG Stands
for Trophic Groups (H: Herbivores; C: Carnivores; F: Fungivores; D: Detritivores).

Family TG
2015 2016

OG % ASA % OG % ASA %

1. Anthicidae C, D 56 5.52 566 56.48 113 5.96 339 40.89
2. Buprestidae H 0 0 1 0.09 0 0 0 0
3. Cantharidae C, H 0 0 1 0.09 0 0 1 0.12
4. Carabidae C, H 140 13.81 70 16.97 308 16.24 83 10.01

5. Cerambycidae H 1 0.09 0 0 0 0 3 0.36
6. Chrysomelidae H 6 0.59 2 0.19 61 3.21 46 5.55

7. Cleridae C 0 0 0 0 1 0.05 0 0
8. Coccinellidae C 5 0.49 0 0 10 0.53 4 0.48

9. Cucujidae C 0 0 1 0.09 1 0.05 0 0
10. Curculionidae H 100 9.86 43 4.29 205 10.81 54 6.51

11. Elateridae D, F, H 11 1.08 3 0.29 50 2.63 0 0
12. Histeridae C 10 0.99 1 0.09 57 3.00 5 0.60
13. Leiodidae D 2 0.20 35 3.49 10 0.53 19 2.29

14. Malachiidae C 0 0 2 0.19 2 0.10 16 1.93
15. Meloidae H 30 2.96 6 0.60 12 0.63 2 0.24
16. Melyridae C 29 2.86 18 1.80 30 1.58 19 2.29

17. Mordellidae D, H 0 0 0 0 3 0.16 5 0.60
18. Oedemeridae D, H 24 2.36 3 0.29 11 0.58 0 0
19. Phalacridae F, H 1 0.09 0 0 2 0.10 0 0

20. Ptinidae F, D 0 0 4 0.39 7 0.37 9 1.08
21. Ripiphoridae C 0 0 0 0 0 0 1 0.12
22. Scarabaeidae C, D, F, H 208 20.51 34 3.39 444 23.40 21 2.53

23. Silphidae D 0 0 0 0 1 0.05 0 0
24. Staphylinidae C, D, F 140 13.81 167 16.67 290 15.29 174 20.98
25. Tenebrionidae C, D, F, H 251 24.75 45 4.49 279 14.71 28 3.38

Total abundance 1014 100 1002 100 1897 100 829 100

Herbivores (total abundance) 137 52 278 105
Non-herbivores (total abundance) 874 950 1.619 724

In total, 25 families were recorded (Table 1). In 2015, the Buprestidae, Cantharidae,
Cucujidae, Malachiidae, and Ptinidae families were exclusive families of the shrubland
areas, whereas Cerambycidae, Coccinellidae, and Phalacridae were exclusive families of the
olive groves (Figure 1). In 2016, Cantharidae, Cerambycidae, and Ripiphoridae were found
exclusively in the shrubland areas, whereas Cleridae, Cucujidae, Elateridae, Oedemeridae,
Phalacridae, and Silphidae were exclusively found in the olive groves (Figure 1).
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Figure 1. Complementarity of Coleoptera families in the Mirandela region (Northeast Portugal) in
(a) 2015 and (b) 2016. Circles inside the Venn diagrams indicate the most abundant families. Numbers
inside the Venn diagrams correspond to the families indicated in Table 1.
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The complementarity between the areas was 0.17 in both years of study (Figure 1).
The CCA explained 68% and 54% of the variation in 2015 (χ2 = 0.89, d.f. = 7, p < 0.01) and
2016 (χ2 = 0.76, d.f. = 7, p < 0.01), respectively, and the two habitats (i.e., the olive grove
and surrounding shrubland areas) were separated by the first axis (Figure 2).
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Figure 2. Ordination plot (canonical correspondence analysis CCA) for the complete pool of
Coleoptera families found in the olive groves (blue) and shrubland (yellow) in Trás-os-Montes
(Portugal) in 2015 and 2016. Ellipses represent the standard deviation. The numbers within the panels
correspond to the numbers of the families in Table 1.

The abundance of beetles in the olive grove was significantly higher than that in the
shrubland area only in 2016 (Table 2, Figure 3), whereas the week of sampling significantly
influenced the number of individuals captured only in 2015 (Table 2). In both years of study,
the richness of the families (S) in the olive grove areas was significantly greater than that in
the adjacent shrubland areas (Table 2, Figure 3). The Simpson index was not significantly
different between the study areas (Table 2, Figure 3).

Table 2. Summary Statistics for the Models Developed to Assess the Effect of the Area (Olive Grove vs.
Adjacent Shrubland Area) and the Week of Sampling on the Diversity of Families of Coleoptera in the
Mirandela Region (Northeast Portugal) in 2015 and 2016. DV: Dependent Variable. IV: Independent
Variable. SI: Simpson Index. df: Degrees of Freedom.

Year DV IV df χ2 p

2015

Abundance
Area 1 <0.01 0.96
Date 6 40.4 <0.01

Richness
Area 1 10.5 0.01
Date 6 43.2 <0.01

SI
Area 1 2.79 0.10
Date 6 2.03 0.92

2016

Abundance
Area 1 28.4 <0.01
Date 6 21.2 <0.01

Richness
Area 1 68.7 <0.01
Date 6 12.4 0.06

SI
Area 1 2.48 0.12
Date 6 7.84 0.25
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Figure 3. Comparison of the samples of Coleoptera (GEEs) between the two studied habitats (olive
grove and adjacent shrublands) in the Mirandela region (Northeast Portugal) in 2015 and 2016.
(a,b): Total abundance; (c,d): Richness of families; (e,f): Simpson index for families. Asterisk (*) indi-
cates significant differences between habitats (α < 0.01).

4. Discussion

In this study, the diversity of the order Coleoptera in olive groves and their corre-
sponding areas of adjacent Mediterranean shrubland was evaluated over two years. The
sampling was conducted for seven weeks in the spring. Although this could be a short
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sampling period, during this time-lapse, the abundance of arthropods maximizes, and the
data better reflect the differences among the plots (see [22]).

The 25 families identified represent 23.58% of the Iberian coleopteran diversity at
this taxonomic level [31]. In general, both the abundance and richness of the families of
beetles were greater in the olive groves. Although the significantly higher abundance of
beetles in 2016 could be solely due to interannual variation, the greater richness of the
families was consistent over the two years of study. The CCA separated both habitats;
however, the identification of the community of beetles at the family level prevents a
clear separation regarding the feeding habits [32]. The complementarity of the families
between the two areas was relatively low in both years, indicating an overlap of the
assemblages between the olive groves and the adjacent shrub areas. On the other hand, a
separation into herbivores and non-herbivores (i.e., carnivores, fungivores, and detritivores)
allowed for a different point of view of the community structure. In this sense, there was
a dominance of non-herbivorous beetles. Their higher abundance may be related to the
complexity of the landscape and may also be a result of the sampling method, since pitfall
traps capture mostly carnivores, fungivores, and detritivores [24]. Among the families
considered exclusively herbivorous, Curculionidae was abundant in the two years of study.
In the olive groves this family is linked to the olive bark beetle, Phloeotribus scarabaeoides
Bern, 1788, and other phytophagous bark beetles [33].

The Anthicidae family was dominant in the adjacent shrubland areas compared to
the olive groves. Marinoni and Ganho [34] attribute the dominance of a group to the
availability of food. Anthicidae beetles are cosmopolitan and predatory, occurring in
halophilic, forest, coastal, floricultural, and riverine areas [35]. The species of this family
usually inhabit leaves, flowers, rocks, trunks, or debris and are associated with ants, feeding
on the eggs of Lepidoptera, first instar larvae, other insect pupae, small dead invertebrates,
and pollen [36–38]. Carpio et al. [39] found that bare soil areas favored the presence of
Anthicidae. In contrast, our results suggest that the adjacent shrubland may favor this
family due to the greater plant complexity and the large rocky structures found in these
areas compared to the olive grove.

The selected groves are conducted under Organic Production or Integrated Pest Man-
agement, in which the vegetation cover is maintained between the rows of the plantation
and the soil is not tilled. Álvarez et al. [40] found that a spontaneous vegetation cover is a
source of food and ecological niches for different arthropods. In the case of ground beetles,
this may explain the higher abundance of Tenebrionidae and Scarabaeidae in the olive
grove areas compared to that in the shrubland areas in both years of study (see [33,41]).

Most species of Tenebrionidae feed on decaying plants or animal matter and soil-
inhabiting larvae, although they can also feed on roots and seeds, live in forest areas and eat
fungi, or even act as facultative predators [7,42]. On the other hand, the Scarabaeidae family
provides important soil services such as nutrient recycling. The species of Scarabaeidae
are ecological indicators of environmental changes regulating the populations of other
arthropods [43,44]. Our results in the olive grove areas support those reported by other
authors who observed the Tenebrionidae, Scarabaeidae, Carabidae, and Staphylinidae
families as being particularly associated with systems with a vegetation cover at the ground
level [7,12,45].

Carabidae and Staphylinidae are commonly reported in olive groves, where their pres-
ence is relevant regarding the limitation of pests such as the olive fly, Bactrocera oleae [5,10,24].
The presence of these families in the adjacent shrublands suggests that the heterogeneity
of the landscape surrounding the olive groves could contribute to their conservation, as
the temperature and soil moisture are factors that regulate their distribution [46]. This is
consistent with the work of Taboada et al. [47] and Madeira et al. [16], who found adjacent
areas of complex structures housing predatory species beneficial to cultivated areas.

Preserved ecosystems have a greater complexity in terms of ecological niches and a
higher abundance of non-herbivorous beetles [34,48,49]. Subsequently, this could result in
a greater contribution to biological control (e.g., Carabidae and Staphylinidae). Although
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high-rank taxonomic studies may help in characterizing the community of soil-inhabiting
beetles in olive groves and adjacent landscapes, species-based studies are mandatory
to shed light on the effect of environmental variables on the spatiotemporal patterns of
the assemblage.

5. Conclusions

Olive groves provide habitats to communities of beetles, supporting a greater abun-
dance and richness of families compared to the adjacent shrubland area in Trás-os-Montes.
Furthermore, the adjacent semi-natural areas could house relevant beetle diversity, indi-
rectly contributing to the natural limitation of pests in neighboring agroecosystems such
as the olive grove. Species-level studies on diversity and its relationship with the environ-
mental variables, feeding habits, and population dynamics of beetles are still needed to
understand the extent to which key species and guilds may exert efficient pest suppression
in the olive grove agroecosystem. For example, mark-release-recapture experiments in
different seasons would provide information on the migration patterns of beetles between
olive groves and adjacent shrublands, whereas functional response assays can allow for the
assessment of the potential efficiency of pest suppression exerted by key species.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agriculture12060771/s1, Table S1: Main characteristics of the
selected olive groves and their adjacent shrublands.
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