
INSECT POLLINATORS

Diversity of Floral Visitors in Apple Orchards: Influence on Fruit
Characteristics Depends on Apple Cultivar

P NUNES-SILVA1 , S WITTER
2, JM DA ROSA3, R HALINSKI

1, LM SCHLEMMER
4, CJ ARIOLI

5, JD RAMOS
1,

M BOTTON6, B BLOCHTEIN1

1Programa de Pós-Graduação em Ecologia e Evolução da Biodiversidade, Escola de Ciência, Pontifícia Univ Católica do Rio Grande do Sul, Porto

Alegre, Brasil
2Laboratório e Museu de Entomologia, Departamento de Diagnóstico e Pesquisa Agropecuária, Secretaria de Agricultura, Pecuária e

Desenvolvimento Rural, Porto Alegre, RS, Brasil
3Departamento de Fitossanidade, Univ Federal de Pelotas, Pelotas, Brasil
4Programa de Pós-Graduação em Ciências Biológicas – Bioquímica, Instituto de Ciências Básicas da Saúde, Univ Federal do Rio Grande do Sul,

Porto Alegre, RS, Brasil
5Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Catarina, São Joaquim, Brasil
6Empresa Brasileira de Pesquisa Agropecuária, Centro Nacional de Pesquisa de Uva e Vinho, Bento Gonçalves, Brasil

AbstractKeywords

Pollination,Malus domestica, Apis mellifera,
Hymenoptera, Fruit quality

Correspondence
P Nunes-Silva, Programa de Pós-Graduação
em Ecologia e Evolução da Biodiversidade,
Escola de Ciência, Pontifícia Univ Católica do
Rio Grande do Sul, Porto Alegre, Brasil;
patriciabiene@gmail.com

Edited by Márcia M Maués – Embrapa

Received 21 June 2019 and accepted 30
January 2020

* Sociedade Entomológica do Brasil 2020

Most cultivars of apple trees are highly dependent on insects for success-
ful pollination and fruit production. In this study, we evaluated the insect
diversity in apple orchards of southern Brazil and verified whether or not
there is a relationship between the diversity of insect visitors and the
characteristics (weight, seed number, and symmetry) of the fruits of
‘Fuji’ and ‘Gala’ apples produced by the orchards. We also evaluated the
diversity of insects on flowering weeds within apple orchards and com-
pared it with the apple flowers. Diversity of anthophilous insects was low,
in general, and differed between the regions. Furthermore, regarding in-
sect diversity, orchards were grouped by management system: organic
orchards were more similar to each other than to conventional orchards.
The insect diversity of weed flowers was higher than apple flowers, but
insect abundance was greater on apple flowers, suggesting that weeds
may increase insect diversity within apple orchards and may sustain polli-
nators. We found a positive effect of insect diversity on the number of
seeds of ‘Fuji’ apples and of honeybee abundance on their weight, sug-
gesting that honeybee management is important in the studied areas. In
contrast, we found no significant effect of insect diversity and abundance
on ‘Gala’ apple characteristics. Despite this, the analyses of the seeds of
‘Gala’ apples indicate that the orchards may suffer a pollination deficit,
which could be overcome by improving insect pollination. These results
reinforce previous findings that insect diversity is important for apple
yield, but its influence varies with cultivar.

Introduction

Biodiversity influences the functioning and provision of eco-
system services (Allen-Wardell et al 1998, Díaz et al 2006,

Brittain et al 2013). One of these services is the pollination
provided by animals, which impacts both wild (Ollerton et al
2011) and agricultural plants (Klein et al 2007, Giannini et al
2015). For agriculture, around 70% of the crops are
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dependent on animal pollination and they are responsible for
35% of the volume of the agricultural production (Klein et al
2007). Estimates on the loss of all agricultural production
without animal pollinators vary but range from 5 to 8%
(Aizen et al 2009) to 9.5% and the insect pollination value
has been estimated in €153 billion (Gallai et al 2009).

Beyond the economic value, pollination has also a nutrition
value. Despite the greatest amount of food and calories come
from crops that do not require animal pollination (Prescott-
Allen & Prescott-Allen 1990, Klein et al 2007), most lipids, vita-
mins A, C, and E, and a great part of the minerals calcium,
fluoride, and iron, an important part of human diet, are provid-
ed by animal pollinated plants (Eilers et al 2011, Chaplin-Kramer
et al 2014). Although effects can vary among human popula-
tions and nutrients (Chaplin-Kramer et al 2014, Ellis et al 2015),
food security could be endangered by the reduction of the yield
of these crops due to pollinators’ decline, leading to micronu-
trient deficiency (Eilers et al 2011, Chaplin-Kramer et al 2014,
Smith et al 2015).

Fruits are important sources of vitamins and micronu-
trients (Eilers et al 2011) and several fruit crops depend on
animal pollination (Klein et al 2007, Giannini et al 2015),
which even enhance the nutrient content of fruits, e.g., apple
(Volz et al 1996, Buccheri & Di Vaio 2005, Garratt et al
2014a), almonds (Brittain et al 2014), and strawberries
(Klatt et al 2014). Indeed, fruit is one of the crop categories
for which insect pollination has a high value compared to the
total value of the crop and, in the case of pollinator loss,
production would be below the worldwide consumption
(Gallai et al 2009).

Apple is a fruit crop which most cultivars require animal
pollination (Delaplane & Mayer 2000) because insect polli-
nators are indispensable for pollen movement between cul-
tivars in apple orchards that grow self-incompatible ones
(Thomson & Goodell 2001, Jahed & Hirst 2017). These serv-
ices have been provided by both wild and managed bees
(McGregor 1976, Ortolan & Laroca 1996, Delaplane and
Mayer 2000, Garratt et al 2014a, Viana et al 2014), but the
last ones are represented by few species, e.g., Apis mellifera
Linnaeus (honeybees) (Delaplane & Mayer 2000), Bombus
spp. (bumble bees) (Thomson & Goodell 2001, Velthuis &
Van Doorn 2006), and Osmia spp. (mason bees) (Delaplane
& Mayer 2000, Vicens & Bosch 2000, Bosch & Kemp 2002).
Honeybees are the sole managed pollinator available and/or
used in many places and the most important worldwide
(Morse 1991, Rucker et al 2012).

Although honeybees are effective apple pollinators (Stern
et al 2001, Park et al 2016), they are less effective collecting
nectar from the side of the flower (side-working) instead of
from the top (Thomson & Goodell 2001, Schneider et al
2002) and when they collect nectar instead of pollen
(Vicens & Bosch 2000). Furthermore, honeybees tend to
forage for resources outside the orchards (Balfour &

Ratnieks 2017). Honeybees are also less effective than other
bee species, e.g., Osmia cornuta Latreille (Vicens & Bosch
2000) and Bombus spp. (Thomson & Goodell 2001), even
though their abundance can compensate per-visit perfor-
mance (Park et al 2016).

Wild bees, such as solitary bees, contributes much more
to apple pollination and yield than it was often believed
(Garratt et al 2014b, Mallinger & Gratton 2015, Földesi et al
2016); hence, the diversity of pollinators becomes important,
because different species can be complementary (Tscharntke
et al 2005, Sapir et al 2017) and also provide pollination
stability (Allen-Wardell et al 1998, Díaz et al 2006). Indeed,
insect diversity in general, not only bee diversity, influences
apple yield and quality (Garratt et al 2014a, 2014b, Garibaldi
et al 2016, Rader et al 2016). Honeybees, bumblebees
(Bombus terrestris Linnaeus), solitary bees (O. cornuta), and
syrphid flies (Episyrphus balteatus De Geer) produces apples
with similar width and weight (Garratt et al 2016). Even
though biotic and abiotic environmental factors acting on
plant metabolism are important for apple yield and quality
(e.g., Nava et al 2007, Neilsen et al 2008, Sawicki et al 2015),
pollinators play an important role on these because apple
weight and shape are influenced by seed number (Sheffield
2014, Sapir et al 2017). Seeds stimulate the growth of the
ovaries, so fruits withmore seeds are heavier (Sheffield 2014,
Sapir et al 2017). Furthermore, if one or more sides of the
ovary grows bigger than others, apples may become asym-
metric (Sheffield 2014).

Apple orchards can sustain a large number of arthropod
species, including insect pollinators (Cross et al 2015).
Although bees have been the focus of most of the research
on the topic (e.g., Russo et al 2015), other groups of insects
are also crop pollinators (Delaplane &Mayer 2000, Garibaldi
et al 2013, Garratt et al 2014a). This is the case of Diptera,
especially Syrphidae, which are visitors of several crops and
pollinate some (Inouye et al, 2015), including apple (Boyle &
Philogène 1983, Garratt et al 2016). Although their pollinator
role is not defined for apple, other insects, such as
Coleoptera, are present on agricultural areas and contribute
to crop production (Rader et al 2016).

Conservation of the insect diversity in agricultural areas
depends, among other factors, on the maintenance of other
plants within these areas (Nicholls & Altieri 2013, Kremen &
M’Gonigle 2015, Campbell et al 2017). One source of food is
the ground vegetation in orchards, but it is a common practice
to mow this vegetation, because these plants would compete
for pollinators, reducing their visitation on the target species.
However, the few studies that have tested this assumption
have shown that, in fact, the ground vegetation enhances the
diversity of visitors on crop species (Carvalheiro et al 2011,
Samnegård et al 2018) or has no effect on it (Holzschuh et al
2012). In the case of apple orchards, growers commonly mow
the ground vegetation, which is a recommended management
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practice for the flowering and fruiting period (September to
April in Brazil) (Hoffmann et al 2004).

For improving insect pollination on orchards and to con-
serve insects on agricultural areas, it is necessary to know
their insect diversity (Russo et al 2015) and how this diversity
affects production. The aim of this study was to evaluate the
diversity of anthophilous insects in apple orchards of south-
ern Brazil and to verify whether there is a relationship be-
tween their diversity and the characteristics (weight, seed
number, and symmetry) of the fruits of “Fuji” and “Gala”
cultivars produced by the orchards. “Fuji” and “Gala” culti-
vars represent around 30% and 60% of the apple production
in Brazil, respectively (Petri et al 2011). Furthermore, we eval-
uated the diversity of insects on flowering weeds within ap-
ple orchards to compare it with the diversity of insects pres-
ent on apple flowers.

Material and Methods

Study sites

The study was done in eight commercial apple orchards
(Table 1), four of them in Rio Grande do Sul State (hereafter
called area 1—A1) and four (Table 1) in Santa Catarina State
(hereafter called area 2—A2), the twomain apple production
areas in Brazil. The distance between the two areas is ap-
proximately 138 km. The climate of both areas is humid sub-
tropical, oceanic, without a dry season; however, while A1
presents a hot summer (Köppen’s climate classification Cfa),
A2 presents a temperate one (Cfb). In A1, the air temperature
is between − 3and 18°C in the coldest month and ≥ 22°C in
the hottest, and the rainfall in the driest month is > 40 mm.
In A2, the air temperature of the hottest month < 22°C and
on 4 months of the year the temperature is above 10°C, with
an average annual temperature of 13°C (Alvares et al 2013).

The vegetation of the farms of area 1 was composedmain-
ly by crops (e.g., other apple orchards, strawberry, kiwi,
grape) with few fragments of forests (Atlantic Forests mixed

with Araucaria). On area 2, it was composed of a mixture of
grasslands and forested areas (fragments of Atlantic Forests
mixed with Araucaria) and other apple orchards.

The agricultural practices on conventional orchards, for
soil fertilization dolomitic limestone and conventional formu-
lations containing NPK, were used, but also calcium chloride
and leaf fertilizers containing NPK and micronutrients were
used according to soil analysis recommendations.
Insecticides and fungicides applied were the ones used for
conventional production according to the pesticide grid rec-
ommended by the technical board of the Integrated Apple
Production (PIM—“Produção Integrada de Maçãs”). On or-
ganic orchards consisted on using poultry manure as fertiliz-
er, as well as rock dust, oxides and carbonates of Ca and Mg.
Silicones and foliar fertilizers containing NPK and micronu-
trients, all certified for the use in this production system,
were also used. Bordeaux mixture and lime sulfur were used
and as insecticides Bacillus thuringiensis, neem oil, and sexual
pheromones for mating interruption. On both agricultural
practices and areas (1 and 2), there was no artificial irrigation;
the water was from rain only.

Insect collection

In each orchard, two 50-m transects were determined side
by side and each one was limited by two rows of apple trees,
being one row common for the two transects (Fig 1). There
were 50 trees in each row. Transect 1 was delimited by two
rows of “Gala” trees (total: 100 trees) and transect 2 by one
row of “Gala” trees (50 trees) and one row of “Fuji” trees (50
trees, Fig 1). Simultaneously, two people, one in each tran-
sect, while slowly walking the 50 m for 15 min, collected all
flower visitors found in one of the rows of trees. The capture
was done using a net and the collectors never collected on
the same row of trees at the same time. When they reached
the end of the transect, they came back collecting the insects
in the other row of trees, also for 15 min (Fig 1). In total, each
collector walked 100 m for 30 min per sampling, which was
repeated at 10:00, 12:00 14:00 in the orchards of A1 and

Table 1 Location, size and
cropping systems of the orchards
and number of sampling days for
each orchard in 2013 and 2014.

Area Orchard Location Size (ha) Cropping system Number of sampling days

2013 2014

A1 1 S29°07′58.7″, W051°24′31.3″ 6 Conventional 3 3

2 S29°12′17.1″, W050°58′11.0″ 125 Conventional 1 3

3 S29°10′37.4″, W050°53′59.8 380 Conventional 1 4

4 S28°53′38.5″, W051°22′56.6″ 4 Organic 2 3

A2 5 S 28°15′31.2″, W49°53′38.0″ 15 Conventional 0 4

6 S 28°15′0.5″, W49°53′27.0″ 6.5 Organic 0 4

7 S 28°17′37.2″, W49°52′54.0″ 4.1 Organic 0 4

8 S 28°17′58.0″, W49°53′41.1″ 2.3 Conventional 0 4
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10:00, 13:00 16:00 in the orchards of A2. The difference in
insect sampling time is due to the activity of the insects in the
two areas; in A1, the activity of insects on flowers dropped
after 15:00, while this was not observed in A2.

The sampling was done at least on 1 and at maximum on
4 days (Table 1) during the flowering season (October) of
2013 and of 2014 in A1 and on four days in A2 (Table 1) during
the flowering season of 2014. In total, the sampling effort
was 30 h for A1 and 24 h for A2.

For evaluating the insect diversity on the flowering weeds
within apple orchards, the same procedure was done after
the end of the insect sampling on apple trees, at 10:30, 12:30,
and 14:30 in the orchards of A1. Collected insects were killed
in jars containing ethyl acetate, mounted and identified later
under a stereoscopic microscope, using dichotomic keys for
each family. Voucher specimens were deposited at insect
collection of the PUCRS Science and Technology Museum.

Apple fruit analysis

In A1, during the harvest period (2014 and 2015), we collect-
ed “Fuji” and “Gala” apples of trees located in the transects
for evaluating their weight and number of seeds. The num-
ber of “Fuji” apples analyzed in 2014 was 149, 150, and 146
for orchards 2, 3, and 4, and in 2015, 151, 143, and 141 for
orchards 1, 2, and 3. For “Gala,” the number of fruits analyzed
in 2014 was 138, 142, and 137 for orchards 1, 2, and 3, respec-
tively; and in 2015, 105, 151, 144, and 106 for orchards 1, 2, 3,
and 4, respectively. We analyzed the fruits in relation to
weight, maximum and minimum diameter, maximum and
minimum height, and number of seeds.

The diameter and height of the fruits were used to calcu-
late symmetry indexes A and B, respectively. This was done
dividing the minimum diameter or height by its maximum,
which means that values closer to 1 meant more symmetric
(the minimum and the maximummeasure are more similar).
Number of seeds was used to classify fruits into eight

categories, according to the presence (P) or absence (0) of
seeds in the five carpels (Sheffield 2014): (a) all carpels con-
tain seed(s); (b) P, P, P, P, 0; (c) P, P, P, 0, 0; (d) P, P, 0, 0, 0;
(e) P, 0, 0, 0,0; (f) P, 0, P, 0, P; (g) P, 0, P, 0, 0; and (h) no
carpels contain seed.

Statistical analysis

We analyzed the sample completeness of A1 (apple and
weeds) and A2 using iNEXT Online (Chao et al 2016).
Because sample completeness was high and similar for both
areas (A1 apple: 97.2%; A2: 99.2%; see Fig S1), we compared
areas, even though the number of sampling days was not
equal for all orchards and areas. Information on individual
orchards can be found on supplementary material
(supplementary material Fig S1).

We used two approaches for comparing the insect diver-
sity and richness of the two areas. One was the rarefaction
and extrapolation with Hill numbers, using sample-size-based
and coverage-based rarefaction and extrapolation curves
(Chao et al 2014). The curves were constructed in iNEXT
Online (Chao et al 2016). The other was a neighbor joining
analyses (Bray-Curtis similarity index) using Past 3.12
(Hammer et al 2001), for verifying whether the two analyzed
regions were similar regarding insect diversity and native bee
diversity. We also analyzed whether the orchards would be
grouped by management (conventional and organic) using
the same analyses.

We calculated Shannon diversity indexes for each orchard
using Past 3.12 (Hammer et al 2001). The Shannon diversity
indexes for all insect species and exclusively for bee species
visiting apple flowers were compared to the Shannon diver-
sity indexes of weed flowers using the diversity t test also
using the Past software.

For assessing whether “Gala” and “Fuji” apple quality
(fruit weight, number of seeds, number of category A
apples and symmetry) could be explained by insect

Fig 1 Insect collectionmethod. The 50-m transects were determined side by side and each one was limited by two rows of apple trees, being one row
common for the two transects. Transect one was delimited by two rows of “Gala” trees and transect two by one row of “Gala” trees and one row of
“Fuji” trees. Two collectors (C1 and C2), one in each transect, slowly walked simultaneously the 50m for 15min and collected all flower visitors found in
one of the rows of trees using a net. When they reached the end of the transect, they collected the insects in the other row of trees, also for 15 min.
The collectors never collected at the same time on the same row of trees.
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diversity (Shannon index) and honeybee abundance, we
constructed generalized linear mixed model (with
Poisson distribution). This test was performed in R soft-
ware (R Core Team 2016) with the glm function from
“lmer” package (Bates et al 2015).

Results

Insect diversity—apple flowers

In area 1 (A1), we collected 301, 380, 392, and 324 insects at
orchards 1, 2, 3, and 4, respectively. Hymenoptera was the
most abundant order (Table 2), because honeybees were the
most abundant insect in the orchards (Fig 2a). Other hyme-
nopterans were mainly native bees, except in orchard 3 (Fig
2a). The second most abundant order was Diptera (Table 2),
which was mainly composed by syrphid flies (Fig 2b), fol-
lowed by Coleoptera (Table 2). Hemiptera and Lepidoptera
were found in very low numbers (Table 2). In relation to
species richness, 62 insect species visited apple flowers (a list
of the species is given on supplementary material Table S1).
Diptera was the richness (23) order, followed by
Hymenoptera (20), Coleoptera (15), Lepidoptera (3), and
Hemiptera (2). Native bee abundance and richness on apple
flowers was low: five species of Apidae and four of Halictidae.

In area 2 (A2), we collected 426, 408, 534, and 533 insects
at orchards 5, 6, 7, and 8, respectively. Hymenoptera was
also the most abundant order (Table 2), because honeybees
were the most abundant insect in the orchards (Fig 2a).
Other hymenopterans were mainly native bees, except in
orchard 6 (Fig 2a). The second most abundant order was
Diptera (Table 2), which was mainly composed by syrphid
flies in orchards 6 and 8, but not in orchards 5 and 7 (Fig
2b). Coleoptera, Lepidoptera, and Hemiptera vary in numb-
ers and presence in the orchards of A2 (Table 2). In relation

to species richness, 44 insect species visited apple flowers in
area 2. Hymenoptera was the richness (33) order, followed
by Diptera (4), Coleoptera (5), Lepidoptera (1), and
Hemiptera (1). Native bee abundance on apple flowers was
also low (a list of the species is given on supplementary
material Table S1); however, richness was high (54.5% of
the hymenopteran species) compared to A1: 12 species of
Apidae and 6 of Halictidae.

The orchards of A1 and A2 presented 62 and 44 insect
species respectively (supplementary material Table S1).
Of those species, only 10 occurred in both areas, 52 oc-
curred only in A1 and 34 in A2. In respect to native bees,
A1 presented 9 species while A2 presented 18. Four spe-
cies occurred in both areas, five only in A1 and 14 only in
A2. Sample-size-based and sample-coverage-based rare-
faction and extrapolation curves for species richness (q =
0; Fig 3(A, B)) indicated that A1 and A2 differed in spe-
cies richness.

There was a consistent pattern in the sample-size-
based (Fig 3(C, E)) and coverage-based (Fig 3(D, F))
rarefaction and extrapolation curves for Shannon (q =
1; Fig 3(C, D)) and Simpson (q = 2; Fig 3(E, F)) diversi-
ties. The 95% confidence intervals for A1 and A2 in the
curves are disjoint, which implies a significant differ-
ence in diversity (Chao et al 2014). The diversity curves
for A1 were always lying under the curves of A2, indi-
cating that A2 is more diverse than A1.

The neighbor joining analysis of all insects clustered
the orchards by type of management, resulting in two
main clusters, one formed by the conventional orchards
and one by the organic orchards (Fig 4). The cluster
formed by the conventional orchards was divided into
two groups, one formed by the orchards located at area
1 and the other by the ones of area 2 (Fig 4). For native
bee species (all species excluding honeybees), the neigh-
bor joining analysis clustered the orchards into two
groups; within the bigger one, the orchards from area 1
were more similar to each other than to the ones from
area 2 (Fig 5). The groups were clustered according to
geographic position (Fig 5).

Insect diversity—weeds

Eleven weed species were flowering on the ground vegeta-
tion of the orchards of A1: Hypochaeris sp. (Asteraceae);
Trifolium sp. 1 and Trifolium cf. polymorphum Poir.
(Leguminosae; white and pink clover, respectively); Oxalis
sp. 1, sp. 2, sp. 3, and sp. 4 (Oxalidaceae); Lysimachia arvensis
(L.) U. Manns & Anderb. (Primulaceae); Gratiolaceae sp. 1;
Vicia angustifolia L. ex Reichard (Fabaceae); and Galega
officinalis L. (Fabaceae).

The number of collected insects was 193, 171, 346, and 297
for orchards 1, 2, 3, and 4, respectively. Hymenoptera was

Table 2 Percentage of each insect order on the flowers of apple (areas
1 and 2) and weeds (area 1) on commercial apple orchards from
southern Brazil. Hym: Hymenoptera. Dip: Diptera. Col: Coleoptera.
Hem: Hemiptera. Lep: Lepidoptera.

Apple Weed

Orchard Hym Dip Col Hem Lep Hym Dip Col Hem Lep

1 93 6 0.7 0 0.3 66.8 30.6 2.1 0 0.5

2 90.8 3.2 6.1 0 0 57.9 33.9 8.2 0 0

3 89.5 8.2 1.8 0.3 0.3 84.1 15 0.3 0.6 0

4 38.3 34.6 26.9 0.3 0 31.6 36 32 0.3 0

5 95.5 4.2 0 0 0.2 – – – – –

6 90 5.1 4.7 0.3 0 – – – – –

7 82.8 11.8 4.1 0.3 1.1 – – – – –

8 94.6 4.7 0.4 0 0.4 – – – – –
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the most abundant order in orchards 1, 2, and 3, but not in
orchard 4, where Diptera was most abundant (Table 2). The
dominance of Hymenoptera in orchards 1, 2, and 3 reflects
the abundance of honeybees (Fig 6a), which was also the
most abundant Hymenoptera in orchard 4 (Fig 6a). Other
hymenopterans were mainly native bees (Fig 6a). For
orchards 1, 2, and 3, the second most abundant order was
Diptera (Table 2), which was mainly composed by syrphid
flies, as it was in orchard 4 (Fig 6b). Coleoptera occurred at
low abundance in all orchards (Table 2). Hemipterans were
found in very low numbers in orchards 3 and 4 and not found
in orchards 1 and 2 (Table 2). This is also the case of
Lepidoptera, which was found in orchards 1, but not in
orchards 2, 3, and 4 (Table 2).

In relation to species richness, 58 insect species visited the
flowering weeds. Hymenoptera (24) was the richness order,
followed by Diptera (20), Coleoptera (11), Hemiptera (2), and
Lepidoptera (1). Native bee abundance and richness was low:
five species of Andrenidae, five of Apidae, and eight of
Halictidae (supplementary material Table S1).

Apple trees vs. weeds

Shannon diversity of weed visitors (H = 0.678) was higher
than of the apple trees (H = 0.159) (t test, t = − 8.03; P <
0.05). This is also indicated by the sample-size-based and
sample-coverage-based rarefaction and extrapolation curves
(Fig 3(C, D)). These curves for Simpson diversity (Fig 3(E, F))
also indicates that weed insect visitors are more diverse than
apple visitors. However, the abundance of insects was great-
er on apple flowers than on weeds (see supplementary ma-
terial Table S1).

In relation to insect species richness, apple trees were
richer than weeds (Table 3), as indicated by the sample-
size-based and sample-coverage-based rarefaction and ex-
trapolation curves for species richness (q = 0; Fig 3(A, B)).
However, regarding each insect order separately, while
Diptera and Coleoptera were richer on apple trees,
Hymenoptera was richer on weeds (Table 3). The two orders
left, Lepidoptera and Hemiptera, presented no difference in
species richness between apple trees and weeds (Table 3).

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6 7 8
Orchard

Syrphidae Other Diptera

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6 7 8
Orchard

Honey bees Native bees Other Hymenoptera

a

b

Fig 2 Percentages of Hymenoptera (a) comprised by honeybees, native bees, and other hymenopterans and of Diptera (b) comprised by syrphid flies
and other dipterans collected on apple flowers.
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Ninety-six insect species were found in the orchards; how-
ever, only 25 were common apple and weed flowers

(supplementarymaterial Table S1). Thirty-seven and 33 insect
species visited only apple and weed flowers, respectively

a b

c d

e f

Fig 3 Sample-size-based (a, c, e) and sample-coverage-based (b, d, f) rarefaction (solid) and extrapolation (broken) curves for species richness (a, b;
q = 0), Shannon diversity (c, d; q = 1), and Simpson diversity (e, f; q = 2) of insects visiting apple flowers in areas 1 (A1Apple) and 2 (A2Apple) and weed
flowers (A1Weeds). The 95% confidence intervals (shaded areas) were obtained by a bootstrap method based on 50 replications (Chao et al 2016).

Fig 4 Dendrogram of insect species visiting apple flowers in eight
orchards. The tree was obtained through neighbor joining analyses,
using the Bray-Curtis similarity index. Bold numbers indicate that the
orchard is located in area 1 and underlined numbers area 2. The letters
beside orchard numbers indicates the management type of the orchard,
which can be conventional (c) or organic (o).

Fig 5 Dendrogram of native bee species visiting apple flowers in eight
orchards. The tree was obtained through neighbor joining analyses,
using the Bray-Curtis similarity index. Bold numbers indicate that the
orchard is located in area 1 and underlined numbers area 2. The letters
beside orchard numbers indicates the management type of the orchard,
which can be conventional (c) or organic (o).

Insect Diversity in Apple Orchards 517



(supplementary material Table S1). When considering only
the species of bees, of the 24 species found in the orchards,
only five species were common to apple and weed flowers
(Fig 7). Furthermore, 14 species occurred only on weed flow-
ers and five exclusively on apple flowers (Fig 7).

Fruit characteristics vs. insect diversity

There was no significant effect (P > 0.05) of the Shannon index
on “Fuji” fruit weight, symmetry index A (diameter) and B

(height) and on the percentage of fruits of category A, the
amount of fruits that contained seeds in all carpels in relation
to the number of fruits analyzed, except for the number of
seeds on fruits (t = − 2.90, P = 0.044). Honeybee abundance
did not affect the number of seeds on fruits, symmetry index
A and B, and the percentage of fruits of category A (P > 0.05)
but affected fruit weight (t = 3.88, P = 0.018).

For “Gala,” there was no significant effect of the Shannon
index on fruit weight, number of seeds, symmetry index A
and B, and the percentage of fruits of category A (P > 0.05).
Honeybee abundance did not affect fruit weight, the number
of seeds on fruits, symmetry index A and B, and the percent-
age of fruits of category A (P > 0.05).

Discussion

In general, orchards presented a low diversity of insects (sup-
plementary material Table S1), as indicated by the Shannon
indexes, even though total species richness (area 1 + area 2)
was 96 (supplementary material Table S1). In both areas, the
most abundant order was Hymenoptera with A. mellifera
being the most dominant species (Table 2; Fig 2a), followed
by native bees (supplementary material Table S1). The
Shannon index accounts for both species richness and even-
ness, thus the dominance of honeybees results in overall low
insect diversity.

We found nine species of native bees on apple flowers in
area 1 and 18 in area 2 all in low abundance (supplementary
material Table S1). In the 1980s, sampling two orchards, Ortolan
and Laroca (1996), found 26 species of native bees visiting apple
flowers in Santa Catarina State in an area less than 100 km from
area 2 of our study. One possible cause for the low number of
bee species on apple orchards may include the time of the year
when flowering occurs. Flowering begins very early in spring
and lasts only for the first month of this season (Petri 2006),
when some solitary bee species may not be active yet. Another
factor could be the weather, because this period often presents
low temperature (under 15°C) and windy rainy days, which neg-
atively influence bee foraging.

The landscape of the region where the orchards are locat-
ed may also be a cause for the low diversity of insects, at
least for the bees. The landscape around apple orchards, in
special when composed of forested areas, influences the
number of species and abundance of wild bees present on
them (Watson et al 2011). The heterogeneity of the land-
scape also influences positively the species richness of wild
bees within orchards (Földesi et al 2016). We did not analyze
the landscape around the orchards; however, the regions are
dominated by agricultural properties and are under anthro-
pogenic disturbances, which are threats to the populations
of pollinators (Potts et al 2016).
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Fig 6 Percentages of Hymenoptera (a) comprised by honeybees, native
bees and other hymenopterans and of Diptera (b) comprised by syrphid
flies and other dipterans collected on weed flowers.

Table 3 Insect species richness on the flowers of apple and weeds on
commercial apple orchards from southern Brazil (area 1).

Number of species Wilcoxon test

Apple Weeds p value

Diptera 23 20 < 0.001

Hymenoptera 20 24 < 0.001

Coleoptera 15 11 < 0.001

Lepidoptera 3 2 0.095

Hemiptera 2 1 0.479

Total 62 58 < 0.001
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The rarefaction and extrapolation diversity curves (Fig 3)
showed that the diversity of the two regions is different: A2 is
more diverse than A1 but presented lower species richness.
This was also indicated by the neighbor joining analysis of
insects and native bees (Fig 4). The orchards were clustered
by management type; that is, independently of the region,
organic orchards were more similar to each other than to
conventional ones regarding insect diversity. Type of man-
agement influences insect diversity and abundance in agri-
culture areas (Kennedy et al 2013, Tuck et al 2014, Power
et al 2016, Schon et al 2017). The secondary grouping by
region may be explained by the landscape where the
orchards are, because it affects pollinator communities in
apple orchards (Watson et al 2011, Marini et al 2012, Joshi
et al 2016, Power et al 2016). Furthermore, different regions
may have different communities of wild insects.

However, when we analyzed the native bee species, the
geographic region (area 1 versus area 2) explains better the
grouping than orchard management type (Fig 5). A study
investigated the influence of management type on pollina-
tion success and concluded that organic management may

not improve pollination services on apple orchards (Porcel
et al 2018). This was attributed to the fact that apple
orchards are composed of time-stable habitats that attract
pollinators to the orchards (Porcel et al 2018). In addition,
pollinators are less prone to the effects of orchard manage-
ment because of their mobility and short visitation time peri-
ods (only during flowering) in the orchards, when the use of
pesticides is discouraged (Porcel et al 2018). On the other
hand, the richness and abundance of native bees in apple
orchards are positively influenced by the presence of forest-
ed areas surrounding orchards (Watson et al 2011). Even
though we made no landscape analysis, orchards on area 2
presented forested areas, while on area 1, except for orchard
4, there was no forested areas surrounding the orchards.

We also evaluated insect diversity of flower visitors of
weeds. Sown flower strips and ground vegetation usually
enhance the abundance of wild insects in agriculture areas
(Carvalheiro et al 2011, Campbell et al 2017). In our study, the
insect richness of weeds was higher than of apple trees (Fig
3; Table 3; supplementary material Table S1) and few insect
species (26.3%) visited both (supplementary material

Fig 7 Bee species found on apple
(indicated by red) and weed
(indicated by green) flowers. The
pie graphics indicate the
proportion of the bee species
abundance on apple and weeds
for the species that were found
on both.
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Table S1), 39% of the insect species were exclusive to apple
flowers and 34.7% were exclusive to weed flowers.
Furthermore, only 20% of the collected bees visited both
weeds and apple flowers (Fig 7) and 58.3% were collected
only onweed flowers. Our results suggest, in agreement with
previous studies (Carvalheiro et al 2011), that weeds increase
general insect diversity on agricultural areas, and in our case,
in apple orchards. However, it is not possible to hypothesize
about the effect of presence of weeds on apple flower visi-
tation. Despite that, weeds are a food resource for insects on
agricultural areas and as recommended by other studies
(Carvalheiro et al 2011, Holzschuh et al 2012, Nicholls and
Altieri 2013, Kremen and M’Gonigle 2015, Campbell et al
2017) should be kept in those areas.

Remarkably, in our study, andrenid bees were captured
exclusively on weed flowers, even though it has been fre-
quently recorded on apple flowers (Watson et al 2011,
Marini et al 2012, Russo et al 2015) and sometimes being
more abundant than honeybees on those flowers
(Campbell et al 2017). However, another study in Brazil also
did not record andrenid bees on apple flowers (Ortolan and
Laroca 1996), indicating that the species occurring in the
country may not be attracted to them. Andrenid bees visit
other plant species within apple orchards, including weeds
like dandelions (Taraxacum) (Campbell et al 2017, Russo and
Danforth 2017). In cider apple orchards, andrenid bees
(Andrena) visited several plant species on flowers of strips
but were one of the main apple flower visitors (Campbell
et al 2017). It is important to acknowledge though that the
andrenid species on the studies cited here are not the same
from ours and are even from different genera.

Besides Dialictus pabulator Schrottky, the bee species
(Bombus pauloensis Friese, Schwarziana quadripunctata
Lepeletier, Trigona spinipes Fabricius, and A. mellifera; Fig
7) that visited both weeds and apple flowers are generalist
social bees. Interestingly, two other generalist social bee spe-
cies, the stingless bees Plebeia remota Holmberg and
Tetragonisca angustula Latreille (Fig 7), were observed only
on weed flowers, but not on apple. However, due to their
generalist habit, we do not discard the possibility of them
being apple flower visitors. In the case of bees that we col-
lected only on apple flowers (Fig 7), other species of their
genera (Augochloropsis, Dialictus, and Xylocopa) are food
generalists, but there is no information on the diet of those
species. One species of Augochloropsis was recorded by
Ortolan and Laroca (1996) visiting only apple flowers and
other species visiting other plant species besides apple flow-
ers. The same was observed by them for Dialictus species,
but they recorded D. pabulator only on apple flowers, what
differed from our study.

Although it is known that insect diversity influences fruit
production and quality (Garratt et al 2014b, a, Garibaldi et al
2016, Rader et al 2016) and the number of wild bees species

influences pollination success (Földesi et al 2016, Campbell
et al 2017), we found no relation between insect diversity
and “Gala” fruit characteristics. However, there are some
factors to consider: (a) apples analyzed on the orchards of
A1 had half of the potential seeds (4.7 ± 0.7, n = 7) possible
(10); (b) seed number influences fruit weight (Webb et al
1980, Matsumoto et al 2012, Sheffield 2014); (c) few apples
had seeds in all carpels (category A = 23.2% ± 7.1%, n = 7); and
(d) we found low insect diversity in apple orchards, where
honeybees were the most abundant insects on flowers. In
this scenario, we suggest that, regarding “Gala,” orchards
from southern Brazil possibly present a pollination deficit
that could be overcome by improving insect pollination. In
Brazil, managed apple pollination relies solely on honeybees.
Adding more species to the orchards may improve cross-
pollination and fruit size; for example, bumble bees changed
the behavior of honeybees, making them move more be-
tween rows of pollinizer and the target apple cultivar, which
may result in improved fruit quality (Sapir et al 2017). Among
the stingless bee species that visited apple flowers in our
study, only Plebeia saiqui Friese could be managed for polli-
nation because techniques for keeping them in hives exist.
However, their efficiency and the feasibility of using them as
managed pollinators must be tested, as well as their effect
on other bee species. For the other stingless bees observed,
Mourella caerulea Friese, S. quadripunctata, and T. spinipes,
as well as all other native bee species, there is no current
technique for breeding colonies in hives or managing the
nests (in the case of solitary bees). This is unfortunate, be-
cause Ortolan & Laroca (1996) have also recorded the three
species visiting apple flowers.

For “Fuji,” the results indicate that insect diversity influ-
ences the number of seeds within fruits. Although the rela-
tionship varies with cultivar, apple weight, diameter, shape/
symmetry, and quality (calcium content, flesh firmness, pulp
acidity) increase with seed number (Brault and de Oliveira
1995, Buccheri & Di Vaio 2005, Sheffield 2014, Sapir et al
2017), indicating that insect diversity is important for apple
yield. In fact, seed number varies with pollinator identity,
because pollinators vary in effectiveness (Garratt et al
2016). Nevertheless, even though syrphid flies contribute less
to apple seed number than bees, they result in increased
economic output (Garratt et al 2016); consequently, their
presence benefit apple production from an economic point
of view. In our study, we found 13 species of syrphids visiting
apple flowers (supplementary material Table S1) and it is
possible that they are contributing to apple pollination be-
cause they walk over the reproductive parts during feeding,
suggesting that they are pollinators. Beyond that, pollinators
have complementary and synergistic effects on apple polli-
nation, increasing fruit quality, as explained above (Sapir et al
2017). Other visitors found, as the coleopterans Diabrotica
speciosa Germar and Astylus quadrilineatus Germar, Polybia
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wasps and Campsomeris spp. (Scoliidae wasps), feed on nec-
tar and/or pollen and may contribute to apple pollination
(Nunes-Silva et al 2016), which must be investigated to ex-
plain why our results indicated that insect diversity influen-
ces seed number in apple.

Furthermore, honeybee abundance influenced the weight
of “Fuji” apples, what was also observed for other cultivars.
Honeybee (A. mellifera and Apis cerana Fabricius) visits in-
creased fruit quality (weight, length, breadth, and number of
seeds) when compared to the control (no visits) in “Golden
Delicious” and “Red Gold,” and to open pollination in
“Golden Delicious,” “Red Gold,” “Royal Delicious,” and “Red
Delicious” (Bhagat & Mattu 2015). In line with Bhagat &
Mattu (2015), our results varied between cultivars, confirm-
ing that different cultivars have distinct pollination require-
ments (Garratt et al 2014a, 2016).

Honeybees were the dominant insect visitor, which was
expected because there were hives in the study areas. Other
studies have also observed a dominance of honeybees on
apple orchards (Russo et al 2015, Földesi et al 2016). They
are, in fact, efficient pollinators of apple (Stern et al 2001), at
least when they collected pollen and nectar from the top of
the flower (Vicens & Bosch 2000, Thomson & Goodell 2001,
Schneider et al 2002). Our results indicate that honeybees
are the main pollinator of “Fuji” apples and may compensate
the lack of other pollinators, because even though we found
low insect diversity in apple orchards, apples had almost all
the seeds (7.4 ± 0.3, n = 6) possible (10) and most fruits had
seeds in all carpels (70.4% ± 9.1%, n = 6). Therefore, the cur-
rentmanagement of honeybee hives becomes essential, pos-
sibly combined with stingless bee hives likeM. quadrifasciata
(Viana et al 2014) or P. emerina (Ortolan & Laroca 1996).
Furthermore, the conservation of other pollinators should
be promoted for improving and securing the pollination
services.
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