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Abstract

The observations were carried out in the south-eastern part of Poland in apple orchards
with different management systems and their surroundings. During that period, 816 individuals
of the Coccinellidae belonging to 10 species were collected in apple orchards and 670 specimens
(8 species) in their neighbourhood.

In the orchards with IPM, more beetles were recorded in their surroundings than in the orchards;
presumably, use of chemical treatments in the IPM orchards negatively affected the species richness
and the number of coccinellids while in the surroundings the presence of varied vegetation (shrubs,
trees and herbaceous plants) contributed to the increase in the species richness of the Coccinellidae.
On the ecological site, however, more ladybird beetles were collected in the orchard than
in its neighbourhood.

The species which dominated the coccinellid assemblages in the orchards and their surroundings
were Coccinella septempunctata L. and Harmonia axyridis (Pall).

The research showed that in the case of coccinellids, the impact of the vegetation surrounding
the orchards on the presence of ladybugs in the orchard was smaller than the management system.
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Introduction

Orchards benefit from ecosystem services such as
pollination and natural pest control. The surrounding

*e-mail: elzbieta.wojciechowicz@gmail.com

landscape affects the species composition and
abundance of insect communities, which in turn can
lead to higher biocontrol rates and less crop damage
[1, 2].

The landscape surrounding orchards may directly
influence the biodiversity and richness of arthropods
through its effects on their immigration or emigration.
The neighbourhood vegetation may also indirectly
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affect the abundance of predators by modifying their
resources.

Predatory insects are usually found in large numbers
in the vegetation adjacent to fields or orchards, which
results in higher densities of those insects on crops.
Higher numbers of beneficial insects along the borders
with a proper plants species composition may increase
the rates of predation inside orchards [3-5]. In orchards
with integrated pest management (IPM), natural pest
enemies may supplement the insecticide treatments for
pest control [6].

Natural habitats can provide beneficial insects with
food resources, shelter during disturbances in orchards,
as well as an overwintering place, thus leading to
a higher abundance, species richness and fecundity of
those insects [2, 7-11].

The Coccinellidae are generalist predators of
a variety of hemipterous species — an important group
of pests of many crops causing serious economic losses
[6, 12- 14]. Ladybird larvae and beetles help regulate
the number of harmful species f.e. Aphis pomi DeGeer,
Dysaphis plantaginea Pass occurring on apple trees,
which results in providing environmental resistance to
phytophagous insects, as well as larger crops, for this
reason it’s important to create the best conditions for
their development [4, 10].

The abundance and diversity of predators highly
depend on the crop management system. In apple
orchards, intensive chemical pest control is applied
and the side effects of the use of chemicals are higher
mortality or lower fecundity of beneficial insects [12].
A positive effect of ecological management on the
occurrence of arthropods were shown by many authors
[15-17].

Proper arrangement of orchard surroundings can
improve the rate of arrival of predatory coccinellids
into orchards and in this way increase the efficacy of
these natural pest enemies [2]. Few studies show the
correlation between the features of the surrounding
vegetation and pest control in orchards.

The aim of the study was to determine how the
agricultural management system of apple orchards
and their surrounding vegetation (trees, shrubs and
herbaceous plants) affect the density and species
composition of predatory coccinellids occurring in
apple orchards.

The final objective was to improve predatory
insect management in apple orchards through the use
of appropriate plants in the surroundings to improve
biological pest control through a conservation strategy
of the best coccinellid species.

Materials and Methods
Research Sites

The study was conducted in the years 2011-2013 in
the south-eastern part of Poland near Przemysl (49.82°N,

22.79°E). Four apple orchard were investigated — in
three of them, integrated pest management (IPM) was
applied (sites 1-3, area of 9, 10, 8.5 ha, respectively),
and the fourth one was an ecological apple orchard (site
4, 9 ha) (no chemicals such as pesticides or fertilizers
were used in it), all of them with ‘Szampion’, ‘Elise’
and ‘Elstar’ cultivars. In the orchards apple trees grew
1.5 x 3 m apart, rows of trees were separated by sward.

The surroundings adjacent to the orchard were 7-8 m
wide. The vegetation were determined by manually
assigning and consisted of:

site 1 — woodlands (Cerasus vulgaris Mill., Juglans
regia L., Picea abies (L.), Prunus L., Rhus typhina
L.), shrubs (Berberis vulgaris L., Corylus avellana
L., Crataegus monogyna Jacq., Ligustrum vulgare
L., Photinia melanocarpa Michx., Ribes uva-crispa
L., Rosa canina L., Rubus L., Sambucus nigra L.,
Syringa vulgaris L.) and herbaceous plants (Achillea
millefolium L., Aegopodium podagraria L., Artemisia
absinthium L.; Capsella bursa-pastoris L., Daucus
carota L., Galinsoga parviflora Cav., Galium aparine
L., Lamium album L., Matricaria discoidea DC.,
Plantago lanceolata L., Ranunculus acris L., Rhamnus
cathartica L., Rumex acetosa L., Stellaria media (L.)
Vill.,, Solidago virgaurea L., Taraxacum officinale
Web., Trifolium repens L., Urtica dioica L., Veronica
chamaedrys L.);

site 2 — a pear orchard (Pyrus L.) (also with IPM)
and herbaceous plants (Achillea millefolium L.,
Aegopodium podagraria L., Capsella bursa-pastoris L.,
Daucus carota L., Galinsoga parviflora Cav., Galium
aparine L., Lamium album L., Matricaria discoidea
DC., Plantago lanceolata L., Ranunculus acris L.,
Rumex acetosa L., Stellaria media (L.) Vill., Solidago
virgaurea L., Taraxacum officinale Web., Trifolium
repens L., Urtica dioica L., Veronica chamaedrys L.);

site 3 — a pear orchard (also with IPM), woodlands
with a predominance of Cerasus vulgaris Mill., Picea
abies (L.), Prunus L., Rhus typhina L. Berberis vulgaris
L. Corylus avellana L Ligustrum vulgare L and
herbaceous plants (degopodium podagraria L., Daucus
carota L., Lamium album L., Plantago lanceolata L.,
Ranunculus acris L., Rhamnus cathartica L;, Stellaria
media (L.), Taraxacum officinale Web., Trifolium repens
L., Urtica dioica L., Veronica chamaedrys L.);

site 4 — an ecological walnut orchard (Juglans regia
L.) and herbaceous plants (Aegopodium podagraria L.,
Matricaria discoidea DC., Plantago lanceolata L., Poa
annua L., Stellaria media (L.) Vill., Solidago virgaurea
L., Trifolium repens L., Urtica dioica L., Veronica
chamaedrys L.).

No chemical pesticides were used in the ecological
orchard, as well as in surrounding walnut orchard
while the plants in the IPM orchards were protected
in accordance with the methodology of integrated
production in the same terms against the diseases and
pests in all the orchards. In each orchard, depends on
year of study, 5-7 procedures against diseases and 6-7
against pests were performed.
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Coccinellid Sampling

Coccinellidae adults were caught using the yellow
Moericke traps — yellow plastic pans filled with water
and glycol [18], 17 cm in diameter and 20 cm in deep.
All traps were placed 1.5-2 m above the ground, 10 pans
in each orchard and 10 pans in its surroundings. On each
site, the traps were placed 10 m apart from each other in
rows in the middle of the respective area - no traps were
placed on the edge of the orchard and surroundings to
avoid marginal effects. Coccinellid adults caught in
the traps were counted, recorded, and removed every
2 weeks from the end of April to the end of September.
Insects collected in one pan during 14 days constituted
one sample. The identification of coccinellids was
based on the Bielawski [19] key.

Statistical Analysis

The captured Coccinellidae individuals were
analyzed with respect to the species composition,
abundance, dominance structure frequency and species
richness.

The similarity of coccinellid communities among
the apple orchards and their neighbouring vegetation
was estimated using Jaccard classic index [20] which is
used for gauging the similarity and diversity of samples.

J . =A/A+B+C
J,.~ Jaccard similarity index, A- number of shared
species, B - number of species unique to the first
assemblage, C -number of species unique to the second
assemblage.

The similarity was also studied using cluster
analysis, and the results were presented as a
dendrogram. The abundance of predatory species
collected from each site was examined by applying
principal components analysis (PCA) (Statistica 13.3).

Results

During the 3 years of observations, 816
Coccinellidae individuals belonging to 10 species were
collected in the yellow Moericke traps in apple orchards
with different management systems, and 670 specimens
(8 species) in their neighbourhood. The total number
of the collected ladybird beetles was 1486 specimens
(Table 1).

There were differences in the number of beetles
occurring on the various sites. In all the years of the
experiment, the Coccinellidae were the most numerous
(481 individuals) on site 4 (ecological orchard), where
no chemical treatments were applied (Table 1).

Of the three IPM-orchards, the Coccinellidae
most often occurred in orchard 2 (153 specimens) and
the surroundings of orchard 1 with the most varied
vegetation in the neighbourhood (374 individuals);

however, the most species were collected on site 3
(Table 1). The presence of trees and shrubs with
herbaceous vegetation provides an ideal living place for
these beetles so could be a source of ladybugs which in
IPM orchards had worse development conditions due to
the use of chemicals.

Many species of aphids were observed on the
vegetation surrounding the orchards, e.g. Aphis
grossulariae  Kalt.,, Aphis podagrariae Schrank,
Aphis sambuci L., Aphis urticata Gmelin, Dysaphis
crataegi Kalt., Liosomaphis berberidis Kalt., Myzus
cerasi F., Myzocallis coryli Goetze, and Myzus ligustri
Mosley. They attracted adult ladybirds and provided
alternative food for the larvae and beetles. The lowest
number of beetles (69 individuals) were recorded in the
surroundings of orchard 4 — the place with the least
diverse vegetation (walnut orchard and few species of
herbaceous plants).

In all the orchards and their surroundings, two
common ladybird species were found: Coccinella
septempunctata L. and Harmonia axyridis Pallas.
There were two species specific to the orchards:
Calvia quatuordecimguttata (L) and Coccinella
quinquepunctata (L.), whereas no exclusive species
were noted in the surroundings (Table 1).

In all the apple orchards and their surroundings,
two eudominants were found: C. septempunctata
with a share of 23.2-949% and H. axyridis
(18.9-76.8%). Only in the edge vegetation of orchard 1
was H. axyridis a subdominant species (Table 1). These
two species constituted 96.2% of all the collected
ladybirds. C. septempunctata was the most numerous in
the surroundings of orchard 1 (355 individuals — 23.9%
of all the collected coccinellids); its frequency ranged
from 19.4% to 66.7% (it was collected in 2/3 of the
samples), whereas H. axyridis was the most common
in orchard 4 (314 specimens — 21.1% of all the beetles
recorded). Its frequency ranged from 25 to 58.3%, which
means that it was found in % to half of all the samples.
Other species with high density were Adalia bipunctata
(L) and Propylaea quatuordecimpunctata (L.)
(18 specimens each). The remaining species occurred
sparsely, including Calvia quatuordecimguttata (L.) and
Coccinella quinquepunctata (L.). They included mainly
recedents and subrecedents (Table 1).

Having analyzed the number of species of the
Coccinellidae in the orchards and their surroundings,
the greatest richness of species was found in orchard
3 (3.1) and its surrounding (2.8), whereas the poorest
species composition and the lowest richness in the
surroundings of orchard 4 (richness — 0.5). Species
richness in other sites was similar and ranged from 1.4
to 2.0.

The communities of coccinellid beetles collected
in the apple orchards and their surroundings were
compared in terms of quantity using Jaccard index
[20] (Table 2). The communities of the particular sites
were found to be mostly similar in over third of their
species composition. The highest similarity between
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Table 2. Similarity of coccinellid associations collected into yellow traps calculated from Jaccard classic index.
Site 1 Site 1 Site 2 Site 2 Site 3 Site 3 Site 4 Site 4
orchard | surrounding | orchard | surrounding | orchard | surrounding | orchard | surrounding
Site 1 orchard X 0.50 0.667 0.80 0.571 0.571 0.333 0.50
Site 1 surrounding 0.50 X 0.571 0.571 0.50 0.714 0.286 0.40
Site 2 orchard 0.667 0.571 X 0.571 0.444 0.857 0.50 0.333
Site 2 surrounding 0.80 0.571 0.571 X 0.714 0.625 0.50 0.333
Site 3 orchard 0.571 0.50 0.444 0.714 X 0.714 0.375 0.286
Site 3 surrounding 0.571 0.714 0.857 0.625 0.714 X 0.375 0.286
Site 4 orchard 0.333 0.286 0.50 0.50 0.375 0.375 X 0.50
Site 4 surrounding 0.50 0.40 0.333 0.333 0.286 0.286 0.50 X

the communities of coccinellid occurring in orchard
and its surrounding was found on site 3 (0.714).
In total habitats the assemblage of coccinellids in
orchard 2 and in surroundings of orchard 3 were the
most similar (0.857), whereas the lowest similarities
were noted between the communities collected in
ecological orchard 4 and surroundings 1 (with very
diverse vegetation), surroundings 4 (walnut orchard)
and orchard and surroundings 3 (very diverse vegetation
— a pear orchard, woodlands and herbaceous plants).
Those communities reached Jaccard index below 0.3
(Table 2). The coccinellid communities inhabiting
the apple orchards and their surroundings were also
compared in terms of quantity and quality using order
grouping with the cluster method. The community of
coccinellids found in the ecological orchard (site 4)
differed markedly from other communities (Fig. 1).

300

The analysis of the similarities in the quantity and
quality structures of the Coccinellidae communities
found on the different sites was completed by comparing
their structures wusing the principal component
analysis method (PCA). The results showed similarities
between the same communities as those determined
with the cluster method and the different character
of the community found in the ecological orchard

(Fig. 2).

Discussion

During the study, 1486 coccinellids belonging to
10 species were collected in the surveyed orchards and
their surroundings. C. septempunctata and H. axyridis
were the dominant species. Similar species composition
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Fig. 1. Cluster analysis of habitats with group single linking as the clustering method (OI — orchard 1 IPM, OII — orchard 2 IPM, OIII —
orchard 3 IPM, OIV — orchard 4 — ecological, SI — surroundings 1, SII — surroundings 2, SIII — surroundings 3, SIV — surroundings 4).
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Fig. 2. Plot of the principal components analysis of habitats (Ol — orchard 1 IPM, OII — orchard 2 IPM, OIII — orchard 3 IPM, OIV —
orchard 4 — ecological, SI — surroundings 1 , SII — surroundings 2, SIII — surroundings 3, SIV — surroundings 4).

had been reported by Gardiner et al. [21], who noted
that these species made up 90% of all coccinellid
communities in soybean fields surrounded by forested
habitats. The authors observed that landscape structure
significantly affected the species composition of the
predators occurring in the fields. Dominant presence
of H. axyridis was also reported by Koch, Costamagna
[22] working on the occurrence of ladybird beetles on
different crops in North America.

According to Andreev et al. [6], coccinellids were
the dominant group among beneficial insects occurring
in apple orchards under biological pest management
and played a significant role in reducing the numbers
of aphids, scale insects and mites. The authors recorded
13 coccinellid species, dominated by C. septempunctata,
P. quatuordecimpunctata, A. bipunctata and Stethorus
punctillum. In IPM orchards, the number of coccinelids
was lower, but their importance as natural enemies of
aphids was still significant.

Colunga-Garcia et al. [7] and Shanker [8] pointed
out that coccinellid beetles were very important
predators of aphids feeding on different crops, but
their occurrence depended on non-crop landscape
elements such as shrubs, trees and hedgerows as places
for hibernation. Coccinellids have a high capacity for
dispersal and wide preference for different habitats,
so large-scale patchiness may force them to disperse
among habitats.

In our study, the surrounding vegetation affected
the density and species composition of coccinellids in
all the orchards under IPM management. The obtained
results confirm the rule according to which the
diversity of habitats is connected with the increase in

the number of species, which often occurs as recedents
and subrecedents contribute to increasing biodiversity.
These results support the conclusions of other
studies on the impact of field boundary vegetation
on the presence of beneficial insects [2, 3, 23, 24].
According to the authors, the surrounding vegetation
seems to be crucial for predatory species, while Grez
and Prado [3] suggested that coccinellids can be
affected not only by the surrounding vegetation but also
by plant patch shape. According to Simon et al. [12], the
surface area within 100 m around a pear orchard with
trees, shrubs and herbaceous plants was significantly
and positively correlated with the number of beneficial
insects occurring in the orchard and negatively
correlated with the number of pests. Colunga-Garcia et
al. [7] noted that C. septempunctata was the dominant
species and had similar abundance on three sites with
different cultivated plants. The authors found that
a site with deciduous plants had higher species richness.
Woltz and Landis [2] observed that the abundance
and diversity of coccinellids within some crops were
positively related to the number of natural habitats.
The number of coccinellids was highest in the landscape
dominated by grasslands and trees. Simon et al. [12]
found that the boundaries of pear orchards increase
the diversity of beneficial insects and that the distribution
of insect predators within the orchard is affected by
the hedgerow. Natural enemies of pests migrate from
the surrounding plants to the orchard in relation to prey
availability; however, the effect of the hedgerow on
the presence of insect predators in orchards is not
always evident. No significant correlation was found
between the number of predators due to surrounding
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plants and the control of C. pyri in commercial pear
orchards.

In all the years of the study, the lack of chemical
treatments in the ecological orchard was the most
important factor influencing the occurrence of beneficial
coccinellids.

Porcel et al. [14], working on the relationship
between orchard management and the occurrence of
natural pest enemies, noted that an ecological system
resulted in more diverse and abundant predators in the
orchard. The authors also found that in an ecological
orchard, as opposed to a conventional one, predators
occurred earlier in aphid colonies, so they suggested
that this management had an impact on the synchrony
of pests and their natural enemies. Debras et al. [25] in
France had reported larger numbers of Coccinellidae in
ecological orchards than in pear orchards under IPM.
Saunders, Luck [26] found out that floral diversity were
very effective as a food source for beneficial insects
whereas Rodriguez-Gasol et al. [27] suggested that
habitat management (f.e. flower margins) can increase
predators and parasitoids populations and support
biological control.

Agricultural management systems affect biological
pest control — a very important service for apple
production [11, 14, 28]. Conventional agriculture
often devastates populations of beneficial insects [12,
29], whereas ecological apple production increases
the abundance and biodiversity of predators due to
non-existent pesticide disruption, so higher aphid
predation rates are observed in ecological than in
conventional farming [14, 30, 31]. Apple orchards and
their surroundings provide a stable habitat for many
arthropods, which results in higher species biodiversity
and abundance than in annual crops [12, 23, 32-35].
Based on the results obtained, it can be concluded that the
surroundings of the orchards with integrated production
was the place where more Coccinellidae occurred than
in the orchards; however, in the ecological orchard the
situation was reversed. This was probably related to the
use of plant protection chemicals in the orchards with
integrated production, which influenced some beneficial
insects in a negative way. It should be emphasized that
in the case of coccinellids, the impact of the vegetation
surrounding the orchards on the presence of ladybugs
in the orchard was smaller than in the case of other
beneficial insects fe. syrphids or carabids [18, 23, 24].
Moreover, orchard surroundings also had an influence
on the number and species richness of the Coccinellidae.
It was shown that the neighbouring habitats contributed
to the increase in the biodiversity of coccinellids, and
in this way could improved the biological pest control
in the orchards. The most attractive environment for
the Coccinellidaec were the plantings and bushes
mid-field, and herbaceous vegetation. The presence
of additional plants on which many aphid species
were observed was the source of alternative food
for the larvae and adults of predatory Coccinellidae.
Also, these areas of hibernation for coccinellids

appeared to be a key factor for the future occurrence
of ladybird beetles in the orchards. They could be a
source of coccinellids which have worse development
conditions in orchards with IPM management due to the
use of pesticides.

The least attractive environment for ladybugs
was the nut orchard and sparse herbaceous vegetation,
which shows that the selection of appropriate
flora affects the occurrence of predatory insects.
The presence of refuge sites also contributed to
the enrichment of coccinellidae species composition;
however, the number of coccinellids depended more
on the orchard management system. Pesticide
applications are most likely responsible for the decrease
in predatory coccinellids in IPM orchards.

Conclusions

Based on the obtained results, it can be concluded
suggested that the proper surrounding of orchards
may be a source of beneficial ladybugs. The results
of the study can be used by farmers to reduce
the use of pesticides in orchards with integrated
production by planting or seeding appropriate plants
in orchard surroundings, thus increasing the number
and effectiveness of the predators that control the
populations of pests.

However more studies are needed that identify
how neighbouring vegetation of orchards influence on
beneficial insects communities, and relevant ecosystem
functions, in agroecosystems.
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