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Abstract.

This study aimed to examine the guild composition of spiders in durian plantations, specifically focusing on the influence of
O. smaragdina. For data collection, branch sampling was employed to gather O. smaragdina and spiders from Durian (Durio
zibethinus) trees in the plantations, and the density of both predators was determined by counting the number of individuals.
The results showed that a total of 3,049 individual belonging to 74 species of spiders were collected from 44 durian trees,
and the community exhibited eight distinct functional groups, namely Stalkers, Orb Weavers, Foliage Runners, Ambushers,
Tangled Weavers, Ground Runners, and unknowns. Stalkers also emerged as the dominant group within the durian trees, and
the average number of O. smaragdina workers in trees did not show a negative correlation with Foliage Runners. However,
there was a negative effect of the nest presence and the number of workers on the spider community, particularly impacting
the Foliage Runners and Ambusher groups. This study also suggested that O. smaragdina acted as a competitor and predator
for certain guilds of spiders in durian plantations, but the influence on the functional groups within mixed cropping systems

was found to be relatively weak.
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1. Introduction

Grouping spiders into guilds or functional groups based
on similar behaviour in accessing resources is an important
approach to understanding their roles and interactions
within plantations (Perkins et al. 2017). Furthermore, the
structure and distribution patterns in farming systems can
be influenced by microclimatic conditions, emphasizing
the importance of studying their guild composition and
functional groups in different agricultural landscapes
(Rosas-Ramos et al. 2020). The diversity of species and
groups is also influenced by the structure of vegetation
(Lia et al. 2022). It has been reported that various
biological components exert an influence on spider
composition  within ecosystems. Certain  biological
components, such as insects microorganisms and birds,
have been found to significantly impact their respective
habitats(Katayama et al. 2015; Zhang et al. 2018;
Gunnarsson and Wiklander 2015).

In terrestrial ecosystems, both ants and spiders have
been identified as generalist predators (Samiayyan, 2014).
In the specific context of a plantation area using a mixed
cropping system, this approach has been found to provide
benefits for promoting predator biodiversity and the
availability of prey within the ecosystem (Lia et al. 2022).
Consequently, these predators play a crucial role in pest
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control within the plantation. It is also important to
acknowledge that the system can also give rise to
competition among predators and an increase in pest
populations due to the diverse range of available food
sources. For instance, ants and spiders, being potential
competitors or engaging in intraguild predation, may
exhibit such dynamics (Potter et al. 2018). The abundance
of natural enemies does not always exhibit a strong
correlation with pest populations since simple taxa,
including spiders and predatory insects, can display
varying responses (Paredes et al. 2015). In contrast,
predators can coexist and have similar effects on plant
ecosystems (Rakdczi and Samu 2014; Stefani et al. 2015),
or may mutually interfere with the functional response of
an omnivorous animal (Papanikolaou et al. 2020).

There have been reports highlighting the interaction
between ants and other predators within plantations.
Specifically, ants have been found to exert a
disadvantageous effect and interfere with the competition
faced by others, such as spiders (Yip 2014). In terrestrial
ecosystems, the diversity of spiders (Araneae) indicates
whether the correlation is positive or negative. This
observation supports the hypothesis that insects act as
predators of spiders (Dimitrov and Hormiga 2021). A
study conducted in the Bornean tropical forest showed that
ants and spiders exhibited significant spatial distribution
exclusively in canopy trees (Katayama et al. 2015).
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Another study reports a case in which spiders coexist with
predators of ants (Stefani et al. 2015). However, studies
examining the relationship between ants and spiders
remain limited, particularly regarding the impact of the
predators on various functional groups.

The utilization of biological agents, specifically ants,
has been widely implemented in plantation areas. The
strategy of biological control encompasses three key
approaches, namely introduction or transfer, augmentation,
and conservation of ants (Offenberg 2015). These
techniques are implemented through various means, such
as relocating ant nests to different locations, employing
artificial nests with supplementary food sources, and
transferring workers from one colony to another tree using
ropes, among other methods (Offenberg 2015; Abdulla et
al. 2015). The weaver ants O. smaragdina are most
plentifully and widely distributed in Southeast Asia and
northeast  Australia  (Wetterer 2017). Meanwhile,
Oecophylla has been recognized as biological control in
cashew plants (Offenberg 2015; Olotu et al. 2013), mango
fruits, and citrus (Offenberg et al. 2013). In another case,
these predators are known to affect pollinators (Gonzalvez
et al. 2013), parasitoids (Appiah et al. 2014; Tanga et al.
2016), and other beneficial insects. This is because weaver
ants are general predators which can provide benefits and
be harmful to other organisms (Thurman et al. 2019).

Durian (Durio spp) cultivation and distribution in
Kalimantan primarily involve a mixed cropping system
that provides resources for O. smaragdina (green ants) and
spiders (Rahim 2015, unpublished data). However, these
areas may also have a higher presence of herbivorous
insects. To evaluate the hypothesis regarding the predation

dynamics between insects and spiders, as well as the
impact of O. smaragdina within the spider guild, studying
this interaction in the mix cropping system becomes
interesting. This study assesses species classifications that
share similarities in resource exploitation or guild
membership. Additionally, the relationship between O.
smaragdina and spiders, both acting as predators, is
investigated. The results provide insights into the
conservation of predators in mixed tree cropping systems
and offer guidance on managing local predators in
plantations. The conservation of O. smaragdina by efforts
to move one colony to another tree with a rope is an
attempt to ensure the ant colony can access other types of
trees. (Offenberg 2015). However, it needs to be combined
with additional feed (Abdulla et al. 2015) to prevent
competition between predators.

2. Materials AND METHODS

2.1. Study area

This study was carried out in the plantation area in
Tarakan Island, North  Kalimantan  (3°18'15"N,
117°37'12"E). The study site was chosen in a mixed tree
plantation, where durian trees dominate over other crops.
In addition, the site was located near both urban areas and
horticulture plantations. Durio zibethinus, Citrus spp, and
Musa spp were the dominant species, occupying more than
80%. The average temperature and humidity recorded on
the site were 27.7 °C and 84%, respectively, as shown in
Figure 1.
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Figure 1. Location of the studied sites in Tarakan Island of North Kalimantan. The point of distribution of sampling in the

durian plant cultivation area

2.2. Field collection of O. smaragdina and spiders

The collection of O. smaragdina and spiders
was conducted on 44 durian trees on Tarakan Island.
The age of durian was 5-6 six years old and it was
not fruiting periods. In the studied sites, 10 branches
measuring between 50 and 80 cm in length, with a
diameter ranging from 5 to 10 cm, were selected.
The branches were chosen at the bottom, middle and
top of the canopy as the place for the beating
method. Furthermore, each branch point is given a

code so that the next sampling is carried out at the
same place. In addition, we measured the number of
nests of O. smaragdina in each durian tree sample
which used direct observation methods.

From March to September 2016, we sampled seven
times with an interval of 30 days between each sampling.
All the collected samples, including spiders, were
preserved in specimen tubes filled with 99% ethanol and
sorted in the laboratory. The identification of spiders was
conducted in both the field and laboratory. The families,
genera, and species (morphospecies) were identified using
manual  guides and  online  resources, e.g.
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https://www.asianarachnology.com/online-spider-
identification-websites/.

The spiders have been classified into different
functional groups based on their scientific classification
and foraging traits. These functional groups are as follows:
(1) Ambushers, Foliage runners, Stalkers, and Orb weavers
belonging to the family Thomisidae (Uetz et al. 1999),
Clubionidae (Uetz et al. 1999), Salticidae and Oxypidae
(Uetz et al. 1999), and Araneidae and Tetragnathidae (Lia
et al. 2022).

2.3. Data analysis

For the examination of species composition and
collection frequency in the sites, the average number of
spiders collected on each tree branch during sampling was
calculated. Based on the Kolmogorov-Smirnov test and the
Shapiro-Wilk test, the data were normally distributed. To
assess the interactions between ant O. smaragdhina and
spiders, the R-value (rank Spearman correlation) was
computed between the dominant spider species and
functional spider groups. Additionally, differences were
analyzed using a one-tailed t-test to estimate the effects of
O. smaragdina on the spider groups. The statistical

analysis of the data was conducted using SPSS Ver 23
software.

3. Results and Discussion

3.1. Taxonomic and guild composition of spiders

In this study, a total of 3049 individuals were collected,
representing 74 species/morphospecies from 12 families.
The results showed that the dominant families on the
durian trees were Salticidae (41.1%), Araneidae (22.7%),
and Thomisidae (11.7%). Additionally, it was observed
that 10 species were frequently collected and exhibited
dominance on the durian trees. All samples from the tree
were occupied by species belonging to the Araneus genus,
as shown in Table 1 and Fig. 1. Among the collected
species, 10 stood out as dominant and accounted for over
50% of the spider population on the durian trees.
Furthermore, the average number occupying more than
80% of the trees ranged from 2 to 7 individuals per tree,
indicating a relatively high density, as shown in Table 1.

Table 1. Species/Morphospecies dominant of spider collected in Durian tree. The functional group were classified into eight groups:
Stalkers (S), Orb Weavers (OW), Foliage Runners (FR), Space Web Builders (SWB), Ambusher (A), Tangle Weavers (TW), Ground

Runners (G) and Unknown (U).

Family Species/Morphospecies Functional Group ﬁ:?:gczzmed ITnOdtizi:iduals T:éfjgjgé %)
Araneidae Araneus sp2 ow 44 314 10.3
Salticidae Neon sp2 S 43 309 10.1
Salticidae Neon spl S 43 281 9.2
Thomisidae Unknown spl A 39 181 5.9
Salticidae Unknown sp2 S 38 124 4.1
Liocranidae Liocranidae sp1 U 37 107 35
Araneidae Araneus sp6 ow 29 91 3.0
Salticidae Leptorechestes spl S 35 90 3.0
Araneidae Araneus sp3 ow 27 83 2.7
Salticidae Leptorechestes berolinensis S 30 80 2.6
Thomisidae Xysticus spl 21 69 2.3
Oxypidae Oxyopes sp3 S 26 66 2.2
Clubionidae Clubiona spl FR 32 65 2.1
Araneidae Cyrtarachne spl ow 21 64 2.1
Oxypidae Oxyopes sp2 27 60 2.0
Salticidae Myrmachine formacaria 18 58 1.9
Araneidae Araneus sp4 ow 29 56 1.8
Salticidae Neon valentulus S 24 56 1.8
Dictynidae Dcytina spl SWB 16 51 1.7
Tetragnathidae Tetragnatha dearmata ow 20 47 15
Salticidae Chalcoscirtus spl S 23 45 15
Clubionidae Clubiona sp4 FR 25 42 14
Salticidae Chalcoscirtus sp2 24 41 1.3
Salticidae Salticidae spl 21 41 1.3
Salticidae Synageles spl 17 36 1.2
Pscheridae Psechrus spl U 17 34 1.1
Linyphidae Floronia spl TW 17 33 11
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Salticidae Unknown sp3 S 19 33 11
Oxypidae Oxypidae spl S 22 32 1.0
Oxypidae Oxypidae sp2 S 19 31 1.0
Clubionidae Clubiona sp7 FR 19 30 1.0
Salticidae Neon sp3 S 15 27 0.9
Oxypidae Oxyopes spl S 14 26 0.9
Araneidae Araneus sp5 ow 12 24 0.8
Thomisidae Unknown sp2 A 14 24 0.8
Thomisidae Xysticus sp3 A 13 23 0.8
Oxypidae Oxyopes sp4 S 13 20 0.7
Linyphidae Floronia sp2 TW 11 18 0.6
Linyphidae Drapetisca spl TW 7 17 0.6
Pholcidae Pholcus spl SWB 9 17 0.6
Araneidae Araneus praesignis ow 12 16 0.5
Clubionidae Clubiona sp2 FR 13 15 0.5
Salticidae Agorius spl S 7 13 0.4
Salticidae Marpissa spl 9 13 0.4
Clubionidae Clubiona sp5 FR 8 12 0.4
Salticidae Plexippus spl S 5 12 0.4
Clubionidae Clubiona sp3 FR 9 10 0.3
Salticidae Leptorechestes sp2 8 10 0.3
Salticidae Salticus spl 6 9 0.3
Thomisidae Thomisus spl A 5 9 0.3
Lycosidae Lycosa spl GR 4 8 0.3
Salticidae Euophrys spl S 5 7 0.2
Salticidae Myrmachine melanostrata S 4 7 0.2
Salticidae Myrmarachne spl S 4 7 0.2
Araneidae Araneus spl ow 5 6 0.2
Araneidae Araneus sp7 ow 4 4 0.1
Clubionidae Clubiona sp6 FR 3 4 0.1
Salticidae Salticidae spl S 3 4 0.1
Tetragnathidae Tetragnatha spl ow 4 4 0.1
Thomisidae Thomisus sp2 A 2 4 0.1
Thomisidae Xysticus sp2 A 4 4 0.1
Liocranidae Unknown sp3 U 3 3 0.1
Salticidae Neon sp6 S 3 3 0.1
Thomisidae Diaea spl A 3 3 0.1
Thomisidae Thomisidae sp3 A 3 3 0.1
Araneidae Zygiella spl ow 2 2 0.1
Linyphidae Micrargus spl TW 1 2 0.1
Salticidae Unknown sp4 S 2 2 0.1
Salticidae Neon sp8 S 2 2 0.1
Araneidae Araniella spl ow 1 1 <0.1
Linyphidae Hypselistes spl TW 1 1 <0.1
Salticidae Unknown sp 1 1 <0.1
Salticidae Thianitara spl 1 1 <0.1
Thomisidae Misumena spl A 1 1 <0.0
Furthermore, the spiders were classified into eight Weavers, Ground Runners, and Unknown. Among these
functional groups: Stalkers, Orb Weavers, Foliage groups, four dominant categories were identified, namely
Runners, Space Web Builders, Ambushers, Tangle Stalkers (50.8%), Orb Weavers (23.3%), Ambushers
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(10.5%), and Foliage Runners (5.8%), as shown in Fig. 2.
These results align with previous data, which show the
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Figure 2. Percentage of spider group (A) family (B) guild or functional group in the studied site

3.2. Relationships among O. smaragdina and functional
group of spiders

During this study, all relationship analyses consistently
indicated a negative correlation between the number of O.
samaragdina per branch or tree and the average abundance
of the functional groups of spiders. The number of worker
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ants had no significant negative correlation on the
functional group of spiders (Ambusher, R?*=0.025;
Stalkers, R?=0.02; Orb weavers, r=0.04, Fig. 3). However,
the correlation among O. smaragdina was significant on
Foliage Runner (R%=0.07, P=0.012, Fig. 3). The result
showed that O. smaragdina had no strong relationship on
functional groups of spiders.
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Figure 3. The relationships among the worker densities of O. smaragdina and of spider densities by Functional group in

durian tree

3.3. Effect of Predator O. smaragdina Presence on
Spiders
This study further assessed the impact of O.
smaragdina presence on durian trees on the spiders guild.
The analysis showed a significant difference in the average

number of individual spiders observed on durian trees
(Ambusher, p = 0.03, Fig. 4a; Foliage Runner p = 0.04,
Fig. 4b; Orb Weavers, p = 0.015, Fig. 4d). However, there
was no significant result on Foliage Runner (Stalkers, p =
0.06; Fig. 4c). The data showed that the number of spiders
in the absence of O. smaragdina workers was lower.
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This study investigated the impact of the presence or
absence of O. smaragdina nests on the spider guild. The
results showed that the average number of nests at the
sampling locations ranged from 2 to 3 per tree. A
significant difference in the average number of individual
spiders was observed on durian trees with O. smaragdina

nests (Ambusher, p = 0.04, Fig. 5a; Foliage Runner p =
0.002, Fig. 5b). However, there was no significant result
on Foliage Runner (Stalkers, p = 0.32; Fig. 5c¢; Orb
Weavers, p = 0.13 Fig. 5d). The presence of O.
smaragdina nests in trees was associated with a lower
number of individual spider.
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durian trees
4. Discussion

More than seventy morphospecies were recorded
within the study region, indicating high species richness in
the mixed crop ecosystem. The coexistence of various
plant species within this ecosystem provides ample space
and food sources for insects, particularly herbivorous
insects. Meanwhile, Rahim and Ohkawara (2019)
documented the presence of more than 50 species of
herbivorous insects thriving in mixed plant ecosystems
dominated by horticultural crops. The dominant functional
group of herbivores consists of aphids, mealybugs, and
leaf beetles. This finding reinforces the notion that the
species richness of predators is influenced by the richness
of herbivorous insects. Furthermore, a direct proportional
relationship is observed between the species richness of
herbivorous and other predatory insects.

The species belonging to the families Aranneidae and
Salticidae are dominant and can live in the canopy of
plants and parts of tree branches. This result has also been
described by Lia et al. (2020) where the Araneidae family
dominates forest vegetation and oil palm plantations,
specifically in the canopy. The genera Lycosidae and
Oxyopidae dominated the corn plantation area.

The spider community within the Durian tree
plantations is confirmed by examining the composition of
functional groups or guilds. The Stalkers and Orb Weavers
are the dominant groups in the plantations. Previous
studies reported that these two groups were associated with
canopies in tropical trees. In addition, two species stand
out as more dominant than others due to their behavior
(Battirola et al. 2016). The Stalkers consist of two
families, namely Salticidae and Oxypidae, and there are
several reasons why Salticidae are currently dominant in
this study. Firstly, they exhibit behavior that allows access
to all parts of the tree, including branches, leaves, and

flowers. Moreover, they are active throughout the middle,
bottom, and upper canopy of the tree. Another reason is
that the beating sampling method may be influenced by the
Salticidae families due to their ability to jump. The Orb
Weaver species also emerge as dominant due to their
ability to construct intricate webs on the Durian trees.
According to Lia et al. (2022), spider families are denser
and more prevalent in fully-grown vegetation. The Orb
Weavers in particular are represented by the families
Araneidae and Tetragnathidae, which have shown
dominance in certain plantation areas. For example, the
Araneidae family has been reported as dominant in Cocoa
plantations (Oyewole and Oyelade, 2014) and Coffee
agroecosystems (Marin and Perfecto, 2013). These
findings indicate that the Durian tree provides a conducive
environment for spider coexistence within the plantations.

This study examines the relationship between the
number of workers and spiders in functional groups in
Durian trees. It confirms that O. smaragdina tends to have
a negative interaction with spider groups in the ecosystem,
particularly with Foliage Runners on leaves (Fig 2). This is
attributed to similarities in resource access, specifically
leaves. According to Patel and Bhat (2020), weaver ants
are eusocial insects that form nests in trees, forage for
food, and protect their colony. However, O. smaragdina
does not exhibit a negative relationship with Stalkers, Orb
Weavers, and Ambushers due to their different behaviors
in accessing resources. For example, jumping spiders that
mimic weaver ants employ various mimicry strategies to
coexist with other social insects, including ants
(Ceccarelli, 2013). The low population density of O.
smaragdina per branch per tree also contributes to these
findings. Consequently, the presence of the worker insects
has a negative relationship with the spiders based on their
functional groups.

The activities of O. smaragdina are supported by the
presence of a nest, and the organization is polydomous.
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The colonies of O. smaragdina consist of reproductive
castes, non-reproductive castes, workers, and soldiers
(Offenberg et al. 2013). In this study, the presence of
workers and nests significantly influenced two groups of
spiders. Meanwhile, the average number of Foliage
Runners and Ambushers is slightly lower on the durian
tree, indicating competition between these predator groups.
The presence of O. smaragdina does not impact Stalkers
and Orb Weavers. Previous studies reported that O.
smaragdina did not affect spiders and can coexist with
other predators (Rakdczi and Samu, 2014; Stefani et al.
2015). They may also exhibit mutual interference
(Papanikolaou et al. 2020) and avoid predation through
mimicry (Ceccarelli, 2013). In addition, the ant predator is
more active and distributed in the canopy, potentially
accessing a wide range of resources. Then the location
uses a mixed cropping system which will influence
predator activity through competition from other possible
groups of organisms.

In conclusion, the mix cropping system provides a
richness of spider species and supports the presence of the
predatory ant O. smaragdina. Several functional groups of
spiders exist in the canopy of durian plantation trees, with
the Salticidae group occupying a larger proportion. The
relationship between the number of O. smaragdina and the
spiders in each guild shows a moderate influence,
suggesting a potential competition. Consequently, further
study is needed to investigate the potential use of
biological control agents, particularly focusing on the
effects of spiders and O. smaragdina on herbivorous
insects in mixed plantations.
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