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Abstract: The current study has investigated whether arthropod richness in soybean monoculture (Glycine 

max) decreases, whereas the abundance, mainly of herbivores, increases as distance from Parque Nacional 

do Iguaçu (PNI) increases. Active and passive arthropod collections were performed at different distances 

(5, 50, 300 and 600 m) from PNI. Arthropod richness in agricultural area decreased as distance from PNI 

increased.  Results have shown that Conservation Units can act as source of ecosystem services for 

surrounding monocultures. The presence of pollinators in collections has confirmed the important role played 

by protected natural areas in agriculture, since they contribute to this economic activity by providing 

ecosystem services such as pollination. 
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HIGHLIGHTS 
 

 Species richness in monoculture decreases as the distance from natural areas increases. 

 Natural areas can act as refuge for pollinators, parasitoids, and predators. 

 Natural areas can act as source of ecosystem services for monocultures. 

 Natural areas can contribute economically for agriculture by providing pollination. 
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INTRODUCTION 

Arthropods are the largest animal phylum [1,2] capable of significantly contributing to several ecosystem 

services such as pollination, soil formation, population control, organic matter decomposition and nutrient 

cycling [3-5]. Habitat fragmentation leads to biodiversity loss and hinders connectivity between ecological 

populations and communities. The idea of protecting areas of great ecological importance, such as 

Conservation Units, arise as tool to protect biodiversity, as well as to ensure ecological integrity and genetic 

diversity within populations [6,7]. Conservation of natural environments within or near rural properties is of 

paramount importance to help providing ecosystem services and improving agricultural yield [8,9], since they 

act as refuge and source of food for pollinators, parasitoids, and predators that, in their turn, are hampered 

by intense and constant management in traditional agriculture. Parque Nacional do Iguaçu (PNI) is a 

Conservation Unit located in Southern Brazil. It covers 185,262.5 hectares of the Brazilian territory and is the 

largest Atlantic Forest remnant in South America [10]. PNI is surrounded by extensive areas of intensive 

agricultural use, which may be favored by ecosystem services performed by different organisms deriving 

from PNI. Therefore, the aim of the current study was to assess the important role played by PNI as source 

of ecosystem services for the monoculture surrounding it, based on arthropods’ richness in this monoculture 

at different distances from PNI. The here in tested hypothesis was that arthropods’ richness in the 

investigated agricultural area decreased as the distance from PNI increased. 

MATERIAL AND METHODS  

The study was carried out from December 2016 to January 2017 in a private property (25°26'16.47"S 

and 53°57'43.18" W) in Serranópolis do Iguaçu Country (25º24'51” S and 54º02'19” W), Paraná State, Brazil 

(Figure 1). The property has approximately 240 hectares and was selected to be investigated because it 

borders PNI and is far from any other forest fragments that could influence results in the current study. 

According to the Köppen classification, the climate in the region is of the subtropical type: rainfall rates range 

from 1,600 mm to 1,900 mm and mean temperature reaches 22°C in the warmest months and less than 18°C 

in the coldest ones [11].  

 
Figure 1. Map of Serranópolis do Iguaçu Country, Paraná State Brazil. Parque Nacional do Iguaçu is highlighted in 
green in the Country map and the study site location is emphasized in it. 
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Soybean was planted in the study site on September 22, 2016, based on the no-till mode, i.e., without 

previous soil plowing or tilling. NIDERA (NA 5909 RG) was the variety planted in the study site; this variety 

is grown in Western Paraná State and reaches its flowering stage at 43 to 53 days after emergence. Flowering 

remains for up to 28 days and maturation takes place at 115 to 130 days after emergence [12]. 

Four 200 m long transects within the soybean crop, parallel to PNI, were defined for arthropod collection 

purposes. The first transect was installed 5 m from PNI; the second one was installed 50 m from it; the third 

one was located 300 m from PNI; and the fourth one was placed 600 m from it. Active and passive arthropod 

collections were performed. Active collection was carried out with the aid of entomological net (puçá - with 

“voil” cloth), on sunny days without excessive wind. Scans were performed in all transects, for two days (in 

January 2017, when plants were blooming), from 7:00 am to 6:00 pm. In total, 24 samples were collected in 

each transect at 1-hour interval between samplings. Each sampling covered a 20 meters linear walk along 

the transects; the net was held at the upper third of plants. Collection site was changed at every hour, by 

advancing 20 m farther into the transects. Collected arthropods were placed in labeled containers and stored 

in freezer (-15°C) for subsequent identification.  

Passive collection was performed with the aid of two flight interception traps (1.20 m tall and 2.05 m 

wide) fixed on iron rods and equipped with 1.5 mm x 3.0 mm mesh. They were installed in January 2017, 1 

m above the ground, 2 m far from the PNI border, and 20 meters apart from each other. Both traps remained 

exposed for three days, from 7:00 am to 6:00 pm, on sunny days, under conditions similar to those of the 

active collection. Entomological glue was evenly applied throughout the net to enable arthropods’ fixation. 

Thus, all arthropods flying from the PNI into the plantation, and vice versa, adhered to the net as soon as 

they collided with it. Captured arthropods were pulled away with forceps, stored in properly labeled containers 

filled with 70% alcohol and taken to the UTFPR Biological Sciences laboratory, Medianeira Campus, for 

subsequent identification. 

All collected arthropods were identified at family level based on group-specific taxonomic keys and on 

information provided by experts in this field. The literature used to classify families based on prevalent food 

habits comprised studies conducted by [13-23]. All collected adult individuals were subjected to 

morphological specification. 

Species accumulation curve was plotted for each transect, based on active collection data to enable 

checking sample sufficiency. Chao 2 index was used to estimate transects’ richness because the number of 

rare species was larger than 25%, as well as because this index uses not only uniques, but also dupliques 

[24]. The association among distance from PIN, individuals’ abundance and morphospecies richness was 

evaluated and graphically depicted. One-way ANOVA and Tukey post-hoc tests, both at 5% significance 

level, were used to investigate differences in arthropod abundance and in morphospecies richness among 

all four analyzed transects. It was done based on data of 24 active collection samples. Graphs were plotted 

and analyses were performed in GraphPad Prism software, version 5.0. 

RESULTS 

In total, 1,983 arthropods distributed in 10 orders, 59 families and 104 morphospecies were collected 

(Table 1). Species accumulation curves have reached asymptote in four evaluated transects, a fact that 

evidenced sample sufficiency (Figure 2). However, the estimate index has shown that the number of species 

could be larger. The current study did not find morphospecies belonging to order Araneae due to massive 

incidence of immature individuals.  
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Table 1. Total abundance of individuals / richness of arthropod morphospecies collected at the Forest/Soybean crop 
interface with the aid of traps (passive collection), and at soybean crop with the aid of entomological net (active 
collection), in four transects located at different distances from Parque Nacional do Iguaçu, Serranópolis do Iguaçu 
Country, PR, Brazil, in 2017, January. 

Class Order Family 
Passive 

collection 

Active Collection on Transects 

Total Food Habit* 
5 m 50 m 300 m 600 m 

In
s
e
c
ta

 

Coleoptera 

Anobiidae 0/0 0/0 1/1 0/0 0/0 1/1 Herb. 

Cantharidae 16/3 1/1 6/3 0/0 0/0 23/4 Pred. 

Carabidae 0/0 1/1 2/1 0/0 0/0 3/1 Pred. 

Cerambycidae 2/2 1/1 0/0 0/0 0/0 3/3 Herb. 

Chrysomelidae 18/5 63/3 192/4 442/3 433/3 1148/5 Herb. 

Cicindelidae 0/0 1/1 0/0 1/1 9/1 11/1 Pred. 

Coccinelidae 5/4 3/2 4/2 1/1 0/0 13/5 Pred. 

Curculionidae 1/1 0/0 0/0 0/0 0/0 1/1 Herb. 

Elateridae 2/1 0/0 0/0 0/0 0/0 2/1 Herb. 

Lycidae 0/0 0/0 1/1 0/0 0/0 1/1 Herb. 

Melyridae 0/0 3/1 6/1 12/1 17/1 38/1 Pred. 

Passalidae 0/0 1/1 0/0 2/1 0/0 3/1 Herb. 

Scarabaeidae 3/2 0/0 0/0 0/0 0/0 3/2 Herb./Sap. 

Scolytidae 1/1 0/0 0/0 0/0 0/0 1/1 Herb. 

Silphidae 4/1 10/1 10/1 11/1 5/1 40/1 Herb./Nec. 

Tenebrionidae 3/1 0/0 1/1 1/1 0/0 5/1 Sap. 

Dermaptera Spongiphoridae 3/1 0/0 0/0 0/0 0/0 3/1 Pred. 

Diptera 

Agromyzidae 0/0 1/1 0/0 0/0 0/0 1/1 Herb. 

Asilidae 0/0 1/1 0/0 0/0 0/0 1/1 Pred. 

Lonchaeidae 3/1 0/0 1/1 0/0 0/0 4/1 Herb. 

Otitidae 1/1 0/0 0/0 0/0 0/0 1/1 Herb. 

Sarcophagidae 12/1 6/1 2/1 0/0 1/1 21/1 Nec. 

Sciaridae 8/1 10/1 22/1 8/1 1/1 49/1 Herb./Sap. 

Syrphidae 15/6 10/4 5/3 2/2 1/1 33/6 Pred. 

Tabanidae 0/0 1/1 0/0 0/0 0/0 1/1 Pred. 

Tachinidae 24/4 13/4 10/3 5/3 0/0 52/4 Paras. 

Tephritidae 0/0 2/1 2/1 0/0 0/0 4/1 Herb. 

Hemiptera 

Cicadellidae 16/6 10/5 3/2 1/1 0/0 30/8 Herb. 

Alydidae 0/0 1/1 0/0 1/1 0/0 2/2 Herb. 

Cercopidae 3/1 1/1 0/0 0/0 0/0 4/1 Herb. 

Dictyopharidae 4/1 3/1 1/1 1/1 0/0 9/1 Herb. 

Lygaeidae 3/1 10/1 3/1 0/0 1/1 17/1 Herb. 

Membracidae 1/1 0/0 1/1 0/0 0/0 2/1 Herb. 

Miridae 2/2 2/2 1/1 1/1 0/0 6/2 Herb. 

Pentatomidae 1/1 3/2 0/0 4/2 1/1 9/2 Pred./Herb. 

Reduviidae 4/2 3/2 4/3 9/2 13/3 33/6 Pred. 

Tingidae 0/0 1/1 3/1 0/0 0/0 4/1 Herb. 

Hymenopter
a 

Pompilidae 1/1 0/0 0/0 0/0 0/0 1/1 Pred. 

Anthophoridae 0/0 0/0 1/1 0/0 2/1 3/1 Herb. 

Apidae 25/2 24/3 20/3 11/1 9/4 89/5 Herb. 

Colletidae 2/1 0/0 1/1 0/0 1/1 4/1 Herb. 

Evaniidae 0/0 0/0 1/1 0/0 0/0 1/1 Paras. 

Halictidae 4/3 10/3 2/2 3/1 1/1 20/3 Herb. 

Ichneumonidae 3/2 0/0 5/1 4/1 0/0 12/2 Paras. 

Sphecidae 1/1 1/1 0/0 0/0 0/0 2/1 Pred. 

Vespidae 5/3 1/1 0/0 0/0 0/0 6/3 Pred. 

Lepidoptera 

Noctuidae 22/1 0/0 0/0 0/0 0/0 22/1 Herb. 

Arctiidae 10/1 0/0 1/1 1/1 0/0 12/1 Herb. 

Nymphalidae 11/3 13/3 3/1 1/1 1/1 29/4 Herb. 

Pyralidae 15/1 1/1 2/1 2/1 1/1 21/1 Herb. 

Orthoptera 
Romaleidae 1/1 29/3 22/2 298/2 45/2 126/3 Herb. 

Tettigoniidae 0/0 10/1 0/0 2/1 0/0 12/1 Herb. 

Odonata Libellulidae 1/1 0/0 0/0 0/0 0/0 0/0 Pred. 

Neuroptera Chrysopidae 1/1 1/1 0/0 0/0 0/0 2/1 Pred. 

         Cont. 
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Cont.       

Class Order Family 
Passive 

collection 

Active Collection on Transects 
Total Food Habit* 

5 m 50 m 300 m 600 m 

A
ra

c
h

n
id

a
 

Araneae 

Salticidae 3 3 0 1 0 7 Pred. 

Thomisidae 2 5 5 2 3 17 Pred. 

Oxyopidae 0 2 0 1 0 3 Pred. 

Araneidae 1 4 5 
0 5 

15 Pred. 

Total   262/72 266/63 348/50 559/35 548/26 1.983/103 - 

* Pred.: Predators; Herb.: Herbivores and/or pollen feeders; Paras.: Parasitoids; Onív.: Omnivores; Nec.: 
Necrophagous; Sap.: Saprophagous. The literature used to classify families based on prevalent food habits comprised 
studies conducted by [13-23]. 

 

Figure 2. Observed and estimated (Chao 2 index) arthropod morphospecies’ accumulation curves generated for 
transects established in soybean crops at different distances (5, 50, 300 and 600 m) from Parque Nacional do Iguaçu. 
Collections were carried out in Serranópolis do Iguaçu Country, PR in 2017, January. 

Collected arthropods were mostly herbivores (87.7%); they were followed by predators (8.46%) and other 

groups (3.84%) (Table 1, Figures 3a and 3b). Coleoptera was the most representative order in 

morphospecies richness and individuals’ abundance; it was followed by Hymenoptera and Diptera. Odonata 

was the least abundant order. Maecolaspis calcarifera Bechyné, 1954 (Coleoptera: Chrysomelidae), which 

is a relevant soy pest, stood out for the abundance of collected individuals (63 individuals in the 5 m transect; 

192, in the 50 m transect; 442, in the 300 m transect; and 433, in the 600 m transect, 1,130 individuals, in 

total). Order Hymenoptera, presented prevalence of Apis mellifera Linnaeus, 1758 (Apidae) (74 individuals). 
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Figure 3. Arthropod (a) individuals’ abundance and (b) morphospecies richness rates found in soybean crop in all four 
transects located at different distances from Parque Nacional do Iguaçu. The total value recorded for each transect is 
presented above each bar. Collections were carried out For Review Only Serranópolis do Iguaçu Country, PR, in 
January 2017. Individuals belonging to order Araneae were not taken into consideration in graph (b). 

Likely soybean pollinators were identified among morphospecies Exomalopsis sp. (Spinola, 1853), 

Augochloropsis sp. (Cockerell, 1897), Ceratina sp. (Latreille, 1802) and Oxaea sp. Klug, 1807, in addition to 

A. mellifera and Tetragonisca angustula Latreille, 1811. Families Reduviidae, Chrysopidae, Melyridae and 

Coccinelidae, stood out among predators. They were more abundant in the 300 m, 5 m, 300 m and 50 m 

transects respectively. Cicindelidae individuals were mainly collected in the 600 m transect. Cantharidae and 

Syrphidae were mostly found in the 5 m and 50 m transects.  

Both individuals’ abundance and morphospecies richness recorded different values among the evaluated 

transects (F = 12.02; p < 0.001; Figure 4a and F = 5.474; p < 0.05; Figure 4b, respectively). The closest 

transect to PNI (5 m distance) was the one recording the lowest individuals’ abundance and the highest 

morphospecies richness. The farther transect from PNI (600 m) recorded the lowest species richness. The 

300 m transect recorded the greatest abundance of organisms. These results have evidenced inverse 

relationship between morphospecies richness and individuals’ abundance, negative relationship between 

morphospecies richness and distance from PNI, as well as positive relationship between arthropod 

abundance and distance from PNI. 

 
Figure 4. Mean and standard deviation of (a) individuals’ abundance and (b) morphospecies richness rates found in 
soybean crop in all four transects located at different distances from Parque Nacional do Iguaçu. Collections were 
carried out in Serranópolis do Iguaçu, PR, in January 2017. Asterisks and letters represent statistical difference                  
(p < 0.05) among different transects, based on ANOVA and Tukey post-hoc test, respectively. 

DISCUSSION 

The initial hypothesis about morphospecies richness in the current study was corroborated. The farther 

we moved into the soybean monoculture and away from the PNI, the lower the arthropod richness. However, 
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the same outcome was not observed for individuals’ abundance, which increased as the distance from PNI 

also increased.  

There is consensus in the literature that natural habitats tend to present higher species richness due to 

availability of different food resources and nesting sites, whereas monoculture areas tend to host more 

simplified communities, i.e., poor in species richness [25-28]. Accordingly, in this study, the closest transects 

to PNI presented higher richness due to park’s influence, since it acts as source of species diversity (i.e., 

arthropods) for the monoculture. The influence of the investigated protected area as source of species 

decreased as the distance from PNI increased.  

The distance threshold of PNI’s influence as source species associated fragment over lesser complex 

fragments (in this case, monoculture) changed according to species’ dispersal capacity and food availability 

[29,30]. Some species, such as the ones belonging to orders Diptera and Hymenoptera, have excellent flying 

skills and can fly for kilometers at once [31-33]. Other species, such as most Hemiptera, have a more limited 

dispersion ability and can reach few dozen meters [14]. Coleoptera insects were classified as bad at flying 

[14,34,35], although the species most often found in the current study, M. calcarifera, was observed in all 

transects. This result may have been influenced by this species’ large population size in this area, which 

generates strong interspecific competition pressure, besides the fact that the transect closest to PNI 

presented greater predator richness. Yadav and coauthors [36] have evaluate predators in rice culture during 

crop and found Cicindelidae specimens close to natural areas. Bortolotto and coauthors [37] observed greater 

Syrphidae abundance close to the edge of forest fragments, mainly low pest infestation periods in wheat 

crops; this outcome suggest that these areas act as resource providers. These very same authors believe 

that, predators move away from the edge of forest fragments as pest infestation increases.  

According to Schmidt and coauthors [29], individuals’ dispersion results from several factors such as 

predation risk and competition (intra or interspecific) for resources. These factors may have increased the 

abundance of some species in transects farther from PNI, since few species could reach them and it, reduce 

interspecific competition and predation risk. 

Other studies focused on evaluating the agricultural areas/forest fragments interface have also shown 

decreased arthropod species richness and increased individuals’ abundance as the distance from the edge 

of forest fragments increased. These studies were carried out in Canada [38], Argentina [39], France [40], 

South Africa [41] and Colombia [42]. Thus, it is essential maintaining and promoting natural vegetation strips 

in highly mechanized monoculture areas to increase biodiversity and enable important ecosystem services 

without having to sacrifice production areas [42]. However, the cited authors pointed out that small 

fragmented areas are not enough to maintain biodiversity in these places or to guarantee ecosystem services, 

since they require larger areas connected to each. There are extensive Permanent Preservation Areas 

connecting forest fragments to PNI in Western Paraná State. However, several forest fragments are isolated, 

mainly the ones located in private areas surrounded by monocultures [43]. This scenario makes populations 

inhabiting forest fragments increasingly vulnerable to extinction, since it decreases genetic variability and 

increases inbreeding rates. This phenomenon would lead to forest fragments increasingly poor in species-

richness, which would act much lesser as source of ecosystem services [4]. 

However, larger areas such as Conservation Units can maintain arthropod biodiversity. Consequently, 

they can maintain environmentally and economically valuable ecosystem services such as pollination. Figure 

3 depicts pollinators observed in all transects. Nevertheless, in percentage terms, the abundance of this 

group was higher in the closest areas to PNI and it decreased as the distance from the protected area 

increased. Although soybean plants are capable of performing self-pollination, some experiments have 

suggested that pollination can increase crop yield [44,45]. This finding highlight, once again, the important 

role played by forest remnants in agriculture. 

However, maintaining large native forest remnants is a hard task to be accomplished, when direct 

economic benefits are necessary to encourage the agricultural sector [46]. Thus, studies about the economic 

value of ecosystem services can help farmers to better understand the important role played by these 

services and by native forest remnants in agriculture. It is essential conducting further research to provide 

information about the effectiveness of conservation areas in maintaining biodiversity [47]. 

CONCLUSION 

Based on the current results, it was possible concluding that arthropod richness in the investigated 

agricultural area decreased as the distance from PNI increased. The presence of pollinators has confirmed 

the important role played by protected natural areas in agriculture, since they contribute to this economic 

activity by providing ecosystem services such as pollination. 
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