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A B S T R A C T

Land-use change and habitat fragmentation are well-known to affect host-parasitoid interactions. However, the
study of the effects of landscape composition, as a result of habitat fragmentation, on host-parasitoid food webs is
still limited especially in a tropical agricultural landscape. This research was aimed to study the effect of agri-
cultural landscape composition on the structure of host-parasitoid food webs. Field research was conducted in
sixteen long-bean fields located in Bogor Regency, West Java, Indonesia. In each long-bean field, sampling of
insect pests and their parasitoids was carried out using direct observation within a plot size of 25 m � 50 m. The
collected insects were brought to the laboratory for rearing and observed for emerging parasitoids. Landscape
composition of each long-bean field was measured by digitizing the whole patch within a radius of 500 m from
the long-bean field as a center of landscape, and landscape parameters were then quantified by focusing on
number of patches and class area of both semi-natural habitats and crop fields. In total, we found 51 morpho-
species of insect pests and 110 morphospecies of associated parasitoids from all research locations. Lepidopteran
pests are the most abundant and species-rich with 35 morphospecies and with 76 morphospecies of parasitoids.
Based on the generalized linear models, landscape composition especially class area of natural habitat and crop
field showed a positive relationship with host-parasitoid food-web structure especially on connectance and
compartment diversity. In conclusion, landscape composition contributes to shaping the host-parasitoid food-
webs in a tropical agricultural landscape.
1. Introduction

In tropical regions, particularly in Southeast Asia, agricultural land-
scape has transformed mainly from traditional systems to intensive
cropping systems since the Green Revolution (Rerkasem, 2005). Agri-
cultural intensification with monoculture systems causes the increasing
area of cropland at landscape scale and considerably influences the di-
versity, composition, and functioning of the remaining natural ecosys-
tems (Tilman, 1999). In Indonesia, agricultural landscape is
characterized as highly fragmented as a consequence of habitat trans-
formation and decreasing amount of cropland per landowner. The last
agricultural census by BPS-Statistics Indonesia (2013) reported that the
average area per landowner is about 0.25 ha and is dominated by small
farmers. This condition shapes the agricultural landscape into small or
patchy cropland and in some regions still exist many patches of natural
rm 20 June 2021; Accepted 15 J
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habitats of varying sizes scattered within the landscapes. For example, an
urban agricultural landscape in Bogor Regency of West Java, where this
study was conducted, has unique agricultural characteristics that are
dominated by cropland but consist of dispersed semi-natural habitat
remnant and surrounded by mountain areas (Widiatmaka et al., 2016).

Agricultural landscapes with the existence of semi-natural habitats
have an important role to support biodiversity and other ecosystem
services. The existence of semi-natural habitat in agricultural landscape
is useful to preserve the occurrence of parasitoids, including sustaining
diversity and frequency (Landis et al., 2000). A semi-natural habitat in
the form of non-agricultural crops that are grown around agricultural
ecosystems also has a positive effect on crops themselves (Thies et al.,
2003). This non-agricultural crop is beneficial as a supplier of food
sources, alternative host sources, refuges, and suitable habitat for para-
sitoids (Bianchi et al., 2006). However, biodiversity in agroecosystem is
uly 2021
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not merely influenced by the presence of natural habitat, but also influ-
enced by the composition of agricultural landscape. Landscape compo-
sition, in this case, the number and proportions of different habitat types
in a landscape (Fahrig et al., 2011), revealed affects on biodiversity in
agricultural landscapes. Previous studies in Bogor Regency showed that
the composition of agricultural landscapes significantly affected the
abundance and functional diversity of parasitoids (Ulina et al., 2019) and
flower-visiting insects (Rizali et al., 2018).

Although natural habitats may enhance species richness or the
abundance of biodiversity, especially of parasitoids in cropland, their
presence did not consistently enhance biological control in the agricul-
tural landscape (Karp et al., 2018). Hence, understanding of agricultural
landscape composition effects on biodiversity also needs to consider food
web interactions (Miranda et al., 2013) that can explain the relationship
between resource and consumer as well as within-guild competition
(Dormann and Blüthgen, 2017; Bat�ary et al., 2021). Research on food
webs has been developed in agricultural landscapes to investigate the
effects of habitat fragmentation on food web interactions (Hagen et al.,
2012) and also the relationship between diversity and food web structure
(Rooney and McCann, 2012). In this research, we used quantitative
food-web statistics (Bersier et al., 2002) to assess the effect of agricultural
landscape composition on the structure of host-parasitoid food webs. The
quantitative metrics of host-parasitoid food-webs include connectance,
compartment diversity, nestedness, and interaction strength asymmetry,
as the representation of network metrics that are important for the
conservation of species interaction (Tylianakis et al., 2007, 2010).

The objectives of this research were (1) to study the diversity and
abundance of parasitoids and their hosts in long-bean fields in different
agricultural landscapes of Bogor and (2) to investigate the effect of
landscape composition on the structure of host-parasitoid food webs. We
Figure 1. Distribution of study sites located across Bogor Regency in West Java, Ind
Cemplang, 4: Ciangsana, 5: Ciawi, 6: Cibanteng, 7: Cibatok, 8: Cibeureum, 9: Cihideun
Petir, 16: Tapos.
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hypothesized that the high proportion of natural habitat increases the
interaction of host-parasitoid in the agricultural landscape. The research
results will provide insight into the importance of agricultural landscape
management on conserving species interaction networks.

2. Material and methods

2.1. Study area and site selection

The study area was located in urban agricultural landscapes in Bogor
Regency, West Java, Indonesia (Figure 1). The landscapes are dominated
by croplands and consist of patchily distributed fragments of semi-
natural habitats or non-crop vegetation (trees and shrubs) as well as
settlements. Within the region, sixteen fields of long-bean (Vigna sinensis)
were selected based on criteria including: cultivation technique without
pesticide application, minimum field area of 25 m � 50 m, and distance
between locations of at least 2 km apart to avoid overlapping landscapes
as study units (Tischendorf and Fahrig, 2000). In this research, we used
long bean fields that were cultivated by local farmers. Long beans were
planted in a monoculture system within beds 120–150 cm wide and with
a planting distance of 70 cm � 30 cm.

2.2. Landscape characterization

The landscape of each long-bean field was characterized in a circle
with a radius of 500 m centered on the long-bean field (adapted from
Ulina et al., 2019) as the most appropriate scale to study the interaction
between host and their parasitoids in the tropical region (Klein et al.,
2006). Land-uses of each landscape were surveyed and marked based on
digital maps from Google Earth and then manually digitalized using
onesia. The numbers indicate the location code: 1: Bojong, 2: Bojongjengkol, 3:
gudik, 10: Cikarawang, 11: Cimanggu, 12: Ciomas, 13: Laladon, 14: Nambo, 15:
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ArcGIS software version 10. Land-uses were classified into six categories
i.e. semi-natural habitat, cropland, settlement, open area, and other (road
and water body). Landscape parameters included the class area (CA, i.e.,
the area in m2 of a particular category or “class” of habitat) and the
number of patches (NP) of both natural and cropland habitats. These
parameters were calculated using Patch Analyst version 5.2.0.16,
extension for ArcGIS (Rempel et al., 2012).

2.3. Sampling of long-bean pests and their parasitoids

Samplings were done from June 2017-July 2018. The sampling of
long-bean pests and their parasitoids was carried out using direct
observation within the long-bean field with a plot size of 25 m � 50 m
(Vaissi�ere et al., 2011). Observations were conducted across different
ages of plants ranging from 7-49 days after planting. The sampling of
pests and their parasitoids was carried out at 06.00 am within a transect
with 100 long-bean plants per transect. In each transect, insect pests were
counted and collected using hand or plastic, while small insects such as
Table 1. Landscape composition (class area (CA.nat) and number of patches (NP.nat)
fields) for the 16 study sites and species richness (S) and abundance (N) of insect pe

No Landscape Landscape composition

CA.nat (ha) NP.nat CA.crop (ha

1. Bojong 17.9 19 29.2

2. Bojongjengkol 17.3 12 33.9

3. Cemplang 8.0 11 41.9

4. Ciangsana 26.9 20 26.2

5. Ciawi 14.1 20 18,3

6. Cibanteng 22.4 9 30.7

7. Cibatok 8.6 7 40.6

8. Cibeureum 25.6 13 27.4

9. Cihideungudik 15.8 11 52.3

10. Cikarawang 21.6 30 40.9

11. Cimanggu 28.1 4 35.0

12. Ciomas 11.1 13 37.2

13. Laladon 1.8 7 32.1

14. Nambo 33.1 22 14.7

15. Petir 21.3 16 43.1

16. Tapos 3.2 3 21.2

Figure 2. Landscape composition of study sites. Site codes are based on Figure 1 an
Other major land cover classes include cropland (light green), settlement (red), a
and street.
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ants and trips are collected directly using a brush. The live insect pests
were brought to the laboratory for rearing and observed for emerging
parasitoids. Specimens both of insect pests and parasitoids were stored in
alcohol 70% for later identifications.

The insect specimens were initially sorted and identified to morpho-
species level using relevant taxonomic literature (e.g. Goulet and Huber,
1993; Borror et al., 1996) and the reference collection of Zoological
Museum, LIPI, Indonesia. The specimenswere deposited in the Laboratory
of Biological Control, Department of Plant Protection, IPB University.

2.4. Food webs construction

Quantitative host-parasitoid food webs were compiled for each
long-bean landscape. Based on data from the rearing and the emerged
parasitoids, we constructed trophic interactions between insect pests
(lower bars) and their parasitoids (upper bars). Trophic interaction
networks of insect pests and their parasitoids for each long-bean
landscape were quantified by using the bipartite package version
of natural habitat, class area (CA.crop) and number of patches (NP.crop) of crop
sts and parasitoids of each study site.

Insect pests Parasitoids

) NP.crop S N S N

117 26 2,345 37 313

68 25 4,065 45 1,174

122 30 1,747 27 859

37 25 3,859 41 872

28 26 2,143 35 434

58 24 1,938 27 420

98 23 1,685 31 389

73 20 2,267 33 531

88 19 1,591 29 339

100 24 4,188 31 1,180

84 20 2,512 20 379

63 26 5,117 47 1,145

117 22 3,268 29 428

44 27 5,516 45 1,120

78 19 2,857 15 211

74 22 3,948 34 872

d depicted in order of increasing semi-natural habitat (dark green) land cover.
nd open area (grey). Other land cover (light brown) consisted of water body



Table 2. Species richness (S) and abundance (N) of insect pests based on insect
order and their parasitoids.

No Insect pests Parasitoids

Order S N S N

1. Coleoptera 1 13 2 101

2. Diptera 5 9,576 36 2,377

3. Hemiptera 10 25,419 42 3,603

4. Lepidoptera 35 14,038 76 4,564

5. Unidentified 9 3 21

Total 51 49,055 110 10,666

T. Syahidah et al. Heliyon 7 (2021) e07625
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2.11 (Dormann et al., 2009) of the R statistical software (R Core Team,
2020).

2.5. Data analysis

We selected the parameter of host-parasitoid food-webs i.e. con-
nectance, compartment diversity, nestedness, and interaction strength
asymmetry (adapted from Tylianakis et al., 2010) to study the relation-
ship with landscape composition. The effect of landscape composition on
the abundance of insect pests and their parasitoids was analyzed by
fitting a generalized linear model (GLM) without interactions (Zuur et al.,
2009) and using a gaussian distribution. Explanatory variables included
number of patches (NP.nat) and class area (CA.nat) of semi-natural
(caption on next page)
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habitat and number of patches (NP.crop) and class area (CA.crop) of crop
fields. Based on the correlation analysis, we did not find auto-correlations
among explanatory variables (P > 0.05).

The GLM without interactions was also used to analyze the effect of
landscape composition on host-parasitoid food webs, using a gaussian
distribution. We used the same explanatory variables i.e. NP.nat, CA.nat,
NP.crop, and CA.crop. The significance level All analyses were performed
using the R statistical software.

3. Results

3.1. Landscape characteristic of long-bean fields and the diversity of insect
pests and their parasitoids

Agricultural landscapes surrounding each long-bean field in a radius
of 500mwere dominated by cropland (13.78%–75.78%) with the area of
cropland on each landscape ranging from 12.80 to 53.83 ha (Table 1).
The proportion of semi-natural habitat in the study area varied between
1.49% and 31.71% (Figure 2). The highest proportion of semi-natural
habitat was found in Nambo and the lowest proportion in Laladon. In
addition, the highest proportion of crop fields was found in Cihi-
deungudik and the lowest proportion in Nambo. The composition of the
crop plants that are cultivated on each agricultural landscape differs but
is dominated by rice plants.

As the result of insect sampling from all long-bean fields, we found
49,055 individuals and 51 morphospecies of insect pests and 10,666
individuals, and 110 morphospecies of parasitoids (Table 2). The most
abundant Order, with the highest species richness, was Lepidoptera. The
highest species richness of insect pests was found in Cemplang with 30
morphospecies and 1,747 individuals, while the lowest in Cihideungudik
with 19 morphospecies and 1,591 individuals (Table 1). While for par-
asitoids, the highest species richness was found in Ciomas with 47
morphospecies and 1,145 individuals, and the lowest in Petir with 15
morphospecies and 211 individuals.

Based on the host-parasitoid food webs (Figure 3), we found that
Braconidae sp04, Encyrtidae sp02, Eulophidae sp04, and Scelionidae sp01
were themost abundant parasitoids in the long-beanfields,while themost
parasitized pests were Liriomyza sp,Nezara viridula, Chrysodeixis chalcities,
and Spodoptera litura. The host-parasitoid food-webs of lepidopteran pests
(Figure 3b) were more complex than hemipteran pests (Figure 3c).
Figure 3. Trophic interactions between insect pests (lower bars) and their parasitoids
pests and their parasitoids, (b) lepidopteran pests and their parasitoids, and (c) hem
Tachinidae sp02, p003: Tachinidae sp03, p004: Aphelinidae sp01, p005: Aphelinidae
p009: Braconidae sp02, p010: Braconidae sp03, p011: Braconidae sp04, p012: Brac
sp08, p016: Braconidae sp09, p017: Braconidae sp10, p018: Braconidae sp11, p019: B
manilae, p023: Therobillus marucae, p024: Chalcididae sp01, p025: Chalcididae sp0
Elasmidae sp04, p030: Encyrtidae sp01, p031: Encyrtidae sp02, p032: Encyrtidae sp0
Encyrtidae sp07, p037: Encyrtidae sp08, p038: Encyrtidae sp09, p039: Encyrtidae sp1
Eulophidae sp03, p044: Eulophidae sp04, p045: Eulophidae sp05, p046: Eulophidae
p050: Eulophidae sp10, p051: Eulophidae sp11, p052: Eulophidae sp12, p053: Eulo
sp18, p057: Eulophidae sp19, p058: Eulophidae sp20, p059: Eulophidae sp21, p0
Eulophidae sp26, p064: Neochrysocharis formosa, p065: Quadrastichus liriomyza, p06
Hymenoptera sp10, p070: Hymenoptera sp20, p071: Ichneumonidae sp02, p072: Ichn
Ichneumonidae sp07, p076: Ichneumonidae sp09, p077: Ichneumonidae sp10, p078
Mymaridae sp02, p082: Mymaridae sp03, p083: Mymaridae sp04, p084: Mymaridae
p088: Mymaridae sp09, p089: Platygastridae sp01, p090: Platygastridae sp02, p091:
Scelionidae sp01, p095: Scelionidae sp02, p096: Scelionidae sp03, p097: Scelionidae
p101: Torymidae sp01, p102: Torymidae sp02, p103: Trichogrammatidae sp01, p1
rammatidae sp04, p107: Trichogrammatidae sp05, p108: Trichogrammatidae sp06, p1
Coccinellidae sp1, h02: Agromyzidae sp2, h03: Drosophilidae sp1, h04: Liriomyza sp, h
h09: Aphis craccivora, h10: Aphis gossypii, h11: Coreidae sp1, h12: Empoasca sp, h13: N
sp1, h17: Arctiidae sp1, h18: Chrysodeixis chalcities, h19: Crambidae sp1, h20: Cramb
h24: Geometridae sp2, h25: Geometridae sp3, h26: Geometridae sp4, h27: Hesperii
Lymantridae sp1, h32: Lymantridae sp2, h33: Lymantridae sp3, h34: Lymantridae s
h38: Noctuidae sp2, h39: Noctuidae sp3, h40: Noctuidae sp4, h41: Psychidae sp1, h42
Pyralidae sp4, h47: Satyridae sp1, h48: Sphingidae sp1, h49: Spodoptera exigua, h50
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The GLM results showed that landscape composition especially class
area and number of patches of natural habitat affected the abundance of
lepidopteran parasitoids, and not affected the abundance of their host
(lepidopteran pests) (Table 3). We did not find an effect of landscape
composition on the abundance of all insect pests as well as all parasitoids
(Table 3).

3.2. Effect of landscape composition on the structure of host-parasitoid
food-webs

Based on the GLM, landscape composition affected the structure of
host-parasitoid food-webs for all insect pests and not for specific pests
such as lepidopteran pests (Table 4). Class area of crop field affected the
connectance (P¼ 0.072), while class area of semi-natural habitat affected
the compartment diversity (P ¼ 0.099) of host-parasitoid food-webs
although with marginal significance. Increasing class area of crop fields
causes increasing the connectance (R2¼ 0.285, P¼ 0.033; Figure 4a) and
increasing class area of semi-natural habitat cause increasing the
compartment diversity (R2 ¼ 0.278, P ¼ 0.036; Figure 4b). We did not
find an effect of landscape composition on nestedness and interaction
strength asymmetry of host-parasitoid food webs (Table 4).

4. Discussion

Our results found that the diversity of insect pests and their parasit-
oids varied between agricultural landscapes. The composition of agri-
cultural landscapes, especially the proportion of semi-natural habitat,
affected the abundance of lepidopteran parasitoids but not their hosts. It
supports the hypothesis that the presence of semi-natural habitats in
agricultural landscapes can maintain the presence of parasitoids in long-
bean fields. Several studies in Indonesia revealed the important role of
semi-natural habitat in maintaining the diversity of insects including
natural enemies in crop fields (e.g. Settle et al., 1996; Rizali et al., 2002).
However, the diversity of parasitoids may also track the changes in host
diversity at each phase of crop plant growth (Heinrichs et al., 1994). In
this research, an effect of semi-natural habitat was only found for para-
sitoids of lepidopteran pests, arguably due to parasitoid abundance
following the abundance of the dominant (lepidopteran) pests or hosts in
long-bean fields.
(upper bars) were recorded from sixteen long-bean fields in Bogor. (a) all insect
ipteran pests and their parasitoids. Parasitoids: p001: Tachinidae sp01, p002:
sp02, p006: Aphelinidae sp03, p007: Aphelinidae sp04, p008: Braconidae sp01,
onidae sp05, p013: Braconidae sp06, p014: Braconidae sp07, p015: Braconidae
raconidae sp13, p020: Braconidae sp14, p021: Braconidae sp15, p022:Microplitis
2, p026: Elasmidae sp01, p027: Elasmidae sp02, p028: Elasmidae sp03, p029:
3, p033: Encyrtidae sp04, p034: Encyrtidae sp05, p035: Encyrtidae sp06, p036:
0, p040: Eucoilidae sp01, p041: Eulophidae sp01, p042: Eulophidae sp02, p043:
sp06, p047: Eulophidae sp07, p048: Eulophidae sp08, p049: Eulophidae sp09,

phidae sp13, p054: Eulophidae sp15, p055: Eulophidae sp16, p056: Eulophidae
60: Eulophidae sp22, p061: Eulophidae sp23, p062: Eulophidae sp25, p063:
6: Eupelmidae sp01, p067: Eupelmidae sp03, p068: Hymenoptera sp01, p069:
eumonidae sp03, p073: Ichneumonidae sp04, p074: Ichneumonidae sp05, p075:
: Megaspilidae sp01, p079: Megaspilidae sp02, p080: Mymaridae sp01, p081:
sp05, p085: Mymaridae sp06, p086: Mymaridae sp07, p087: Mymaridae sp08,
Platygastridae sp03, p092: Platygastridae sp04, p093: Pteromalidae sp01, p094:
sp04, p098: Scelionidae sp05, p099: Scelionidae sp06, p100: Scelionidae sp07,
04: Trichogrammatidae sp02, p105: Trichogrammatidae sp03, p106: Trichog-
09: Trichogrammatidae sp07, p110: Trichogrammatidae sp10. Insect pests: h01:
05: Phytomyza sp, h06: Syrphidae sp1, h07: Aleyrodidae sp1, h08: Alydidae sp1,
ezara viridula, h14: Penacoccus sp1, h15: Pentatomidae sp2, h16: Pseudococcidae
idae sp2, h21: Diapania indica, h22: Doleschallia bisaltide, h23: Geometridae sp1,
dae sp1, h28: Hesperiidae sp2, h29: Lycaenidae sp1, h30: Lycaenidae sp2, h31:
p5, h35: Maruca vitrata, h36: Microlepidoptera sp1, h37: Microlepidoptera sp2,
: Psychidae sp2, h43: Pyralidae sp1, h44: Pyralidae sp2, h45: Pyralidae sp3, h46:
: Spodoptera litura, h51: Totricidae sp1, h52: Unidentified.



Table 3. Generalized linear models relating the abundance of insects pests and their parasitoids (both all insects and lepidopteran) to class area (CA.nat) and number of
patches (NP.nat) of natural habitat, as well as class area (CA.crop) and number of patches (NP.crop) of crop fields as predictors. Significance level: *P< 0.10, **P< 0.05.

Variable All pests All parasitoids Lepidopteran pests Lepidopteran parasitoids

Estimate P value Estimate P value Estimate P value Estimate P value

(Intercept) 8.342 0.000 6.869 0.000 7.127 0.000 5.850 0.000

CA.nat -0.004 0.800 -0.015 0.501 -0.012 0.481 -0.052 0.052*

NP.nat 0.017 0.321 0.025 0.317 0.016 0.418 0.064 0.038**

CA.crop -0.013 0.336 -0.011 0.572 -0.003 0.861 0.010 0.663

NP.crop -0.002 0.737 -0.003 0.684 -0.005 0.435 -0.010 0.270

Table 4. Generalized linear models relating the structure of host-parasitoid food webs (connectance, compartment diversity, nestedness, and interaction strength
asymmetry) to class area (CA.nat) and number of patches (NP.nat) of natural habitat, as well as class area (CA.crop) and number of patches (NP.crop) of crop fields as
predictors. Significance level: *P < 0.10.

Variable Connectance Compartment diversity Nestedness Interaction strength asymmetry

Estimate P value Estimate P value Estimate P value Estimate P value

All species

(Intercept) 0.085 0.001 1.111 0.665 12.982 0.100 0.314 0.059

CA.nat 0.000 0.910 0.120 0.099* 0.097 0.625 0.004 0.379

NP.nat -0.001 0.297 0.042 0.596 -0.185 0.420 -0.001 0.868

CA.crop 0.001 0.072* 0.007 0.914 0.145 0.420 0.001 0.870

NP.crop 0.000 0.611 0.014 0.562 -0.009 0.899 0.000 0.969

Lepidopteran

(Intercept) 0.101 0.088 4.289 0.016 1.864 0.898 0.285 0.162

CA.nat 0.000 0.852 0.037 0.384 0.101 0.794 0.005 0.323

NP.nat 0.002 0.352 -0.016 0.743 0.565 0.219 -0.004 0.454

CA.crop 0.001 0.443 -0.017 0.658 0.196 0.576 -0.001 0.767

NP.crop 0.000 0.648 -0.005 0.731 0.167 0.228 0.001 0.690
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The composition of agricultural landscapes, especially the relative
areas of semi-natural habitat and cropland, also influenced the struc-
ture of host-parasitoid food webs. Increasing the proportion of semi-
natural habitat had a positive effect on increasing compartment di-
versity of host-parasitoid food webs. Agricultural landscapes with a
high proportion of semi-natural habitat tend to have stabile interac-
tion networks (Krause et al., 2003) as well as lower rates of distur-
bance as resource species are compartmentalized across habitats
(Rooney et al., 2008).
Figure 4. Relationship between food-web structure and landscape composition. (a)
compartment diversity and class area of natural habitat (CA.nat) (R2 ¼ 0.278, P ¼ 0

6

Surprisingly, increasing the proportion of cropland had a positive
effect on increasing the connectance or interaction diversity of host-
parasitoid food webs. Connectance is related to the stability of
ecosystem processes and the stability of food webs (Tylianakis et al.,
2010; Hagen et al., 2012). These results contradict the hypothesis that it
is the proportion of cropland rather than the proportion of semi-natural
habitat that affects interaction diversity. This may be due to a lot of
generalist parasitoids in long bean fields act as important factors that
affect the increase of connectance with increasing the proportion of
connectance and class area of crop (CA.crop) (R2 ¼ 0.285, P ¼ 0.033), and (b)
.036).
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cropland. A recent study by Bat�ary et al. (2021) also found that food web
interaction diversity was more affected by patch connectivity than the
proportion of patches in agricultural landscapes.

In addition, we did not find effects of landscape composition on
nestedness or interaction strength asymmetry. This is perhaps due to
host-parasitoid food webs in long bean fields being dominated by
generalist parasitoids. Nestedness that is also related to interaction
asymmetries is more associated with specialist species than with gener-
alists (Tylianakis et al., 2010). While landscape composition has effects
on more specialized parasitoids, as have been shown on lepidopteran
parasitoids (Elzinga et al., 2007). In addition, different pest species
within the same cropping system can have different responses to land-
scape composition (Perez-Alvarez et al., 2018), which may cause nest-
edness and interaction asymmetries that were not affected by the
composition of agricultural landscape.

In conclusion, agricultural landscape composition cannot be related
to the structure of host-parasitoid food webs due to the interaction
complexity is not only affected by the proportion of patches but also
other factors. Besides food webs, other multitrophic systems may be used
to investigate the effects of fragmentation or landscape composition
(Kruess, 2003) or even compare landscape composition and food webs on
affecting communities in agricultural landscape (e.g. Dominik et al.,
2018). Small spatial scale also needs to be considered that can affect food
webs in agricultural landscapes. Research by Haro et al. (2018) revealed
that species richness and abundance of natural enemies, as well as food
webs interaction, were particularly affected by the presence of flowers in
an agroecosystem. However, more research is needed to investigate the
effects of fragmentation or landscape composition on host-parasitoid
food webs (Hagen et al., 2012). The results will enhance our under-
standing of the characteristics of food webs that provide stability and
function for conserving species interaction networks in agricultural
landscapes.
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