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Abstract. Sujak, Rahardjo BT, Muhammad FN, Rizali A. 2023. Diversity and abundance of ants (Hymenoptera: Formicidae) as
indicators of sugarcane agroecosystem stability in Blitar, East Java, Indonesia. Biodiversitas 24: 5336-5342. The abundance of ant
communities can be used as an indicator of stability in agroecosystems. This study was designed to evaluate the diversity and abundance
of ant in three sugarcane cultivation ecosystems. The research was conducted in Ngembul Village, Binangun Subdistrict, Blitar, East
Java, Indonesia from August 2021 to February 2022 The three observed sugarcane ecosystems were Ratoon Cane (RC) without tillage,
Replanting Ratoon Cane (PRC) with tillage, and Newly Cultivated Plant Cane (NPC) with tillage. Ant collections were made using the
pitfall trap method. In each field, pitfalls were systematically placed at 5 points. Pitfall traps were set for 24 hours, and samples were
collected every 2 weeks. Identification was done at the genus level and further separated based on morphology (morphospecies). The
research obtained 2,920 ant individuals belonging to 3 subfamilies, 7 genera, and 9 morphospecies. The highest diversity and abundance
were found in the RC ecosystem compared to the PRC ecosystem and the NPC agroecosystem. The most dominant ant species was
Crematogaster sp.1. The ant population in the RC ecosystem has more population growth compared to the PRC and NPC ecosystems.
The results of the ANOSIM analysis indicated differences in ant community composition among the treatments. In conclusion, the

ratoon sugarcane ecosystem sustains diversity and abundance of ants more compared to the other two ecosystems.

Keywords: Abundance, Formicidae, ratoon, similarity, species richness

Abbreviations: RC: Ratoon Cane, PRC: Replanting Ratoon Cane, NPC: Newly Cultivated Plant Cane

INTRODUCTION

Sugarcane (Saccharum officinarum L.) is one of the
essential industrial crops in Indonesia (Sulaiman et al.
2023). In 2020, the total sugar production in Indonesia was
2.12 million tons with the largest sugar production coming
from East Java Province, which is 47.24% of Indonesia's
total sugar production (BPS 2021). The existence and
diversity of arthropods in sugarcane plantations can be an
indicator of agricultural sustainability in sugarcane
agroecosystems and has an effect on increasing production
yields (Prabowo et al. 2021). The presence of arthropods,
especially soil arthropods, play an important role in soil
health maintenance such as translocation of organic
materials, decomposition, nutrient cycle, formation of soil
structure, and water regulation in sugarcane plantation
(Prabowo et al. 2022). Ants are one of the soil arthropods
that have an important role in the ecosystem due to their
contribution in recycling nutrients process and also as
predators for several plant pests.

In sugarcane plantations, ant appearance in the fields is
very important for pest suppression (Rahardjo et al. 2023).
Ants (Hymenoptera: Formicidae) are insects found in

nearly every type of ecosystem and have diverse roles
within the ecosystem. The high diversity and evenness of
ants indicate a stable ecosystem with a high level of
elasticity (Latumahina et al. 2015). The higher the diversity
and evenness, the more complex and varied the food chain
processes, including predation, parasitism, competition,
symbiosis, and predation, become within the ecosystem.

Ants play important ecological roles in agroecosystems
as predators, organic matter decomposers, pest controllers,
and even contributors to the pollination process (Diamé et
al. 2018). Some ant species can also be detrimental to
cultivated plants because they can enhance pest incidence
and spread pathogens such as Monomorium floricolae
(Rizali et al. 2018). The presence of ants is also beneficial
for the order Hemiptera pests because they can form a
mutually beneficial trophobiosis relationship (Moya-
Raygoza and Martinez 2014). Ants were selected as the
subject of this research due to their ecological significance
in natural ecosystems.

Ant communities play a crucial role in the mineralization
process due to the continuous soil excavation activities
performed. The presence of ants in agricultural habitats is
influenced by food availability and the suitability of
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environmental conditions for nesting. Ant diversity can be
a bioindicator of agroecosystem health (Widhiono et al.
2017). The use of ants as bioindicators is often carried out
in many fields (Lawes et al. 2017).

The influence of soil management on ant diversification
is evident because the majority of ants and their nests are
found in the soil. Organic farming practices without tillage
demonstrate higher species richness (Gong et al. 2023;
Leksono 2017). Plowing has been observed as a soil
management practice with the greatest negative effect on
ant species richness (Hevia et al. 2018). The abundance of
ant species in a particular area is greatly influenced by
environmental changes, and ants will respond when there
are disturbances or changes in their environment or habitat
(Supriati et al. 2019). Ants respond to land changes in
predictable ways and their abundance and richness are
associated with management factors, soil variables, and
cultivation practices (Muhammad et al. 2022). This makes
ants a potential biological indicator for assessing soil
conditions and their management in sugarcane
agroecosystems.

The sugarcane ecosystem at the research site consists of
three ecosystems: (i) the Ratoon Cane (RC) ecosystem
without soil tillage, (ii) the Replanting Ratoon Cane (PRC)
ecosystem with soil tillage, and (iii) the Newly Cultivated
Plant Cane (NPC) ecosystem with soil tillage. Among these
three sugarcane ecosystems, the most commonly practiced
by farmers is the RC ecosystem. It is possible that these
three sugarcane ecosystems will cause differences in the
diversity and abundance of ground surface ants. This
information has not been reported before. The aim of this
study is to evaluate the stability level of the three sugarcane
cultivation ecosystems using ants as indicators.
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MATERIALS AND METHODS

Study area

The study was conducted in a sugarcane plantation in
Ngembul Village, Binangun Sub-District, Blitar District, East
Java, Indonesia (-8.17154° S, 112.34253° E, 188 m above
sea level, Figure 1). The average monthly temperature in
Blitar Regency ranges from 26.5°C to 28.4°C. The average
humidity ranges from 71.5% to 82.4% (BPS 2018). Meanwhile,
the average monthly rainfall ranges from 11.3 mm to 577.6
mm. The research was carried out from August 2021 to
February 2022. Sampling was carried out in three types of
sugarcane plantation management: Ratoon Cane (RC) without
soil tillage, Replanting Ratoon Cane (PRC) with soil tillage,
and Newly Cultivated Plant Cane (NPC) with soil tillage.

Plot design

Sampling was carried out in three sugarcane plantations
with a minimum plot size of each plantation was 37 m x 15
m (Figure 2). Plantation selection was carried out by survey
in August 2021. Sugarcane plantation was selected with
three predetermined criteria. First, the distance between
sugarcane ecosystems was 100 m. Second, the land area is
sufficient to make observation plots. Plots were made on
each sugarcane ecosystem. In each plot, there were three
subplots with a size of 10 m x 10 m. The distance between
subplots was 1 m. While the distance between the subplot
and the border was 2.5 m. Five pitfalls were systematically
placed and replicated six times with two weeks interval.
Third, the age of the plants in the observation plot must be
uniform at 1 month.
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Figure 1. Research locations of three sugarcane plantations in Ngembul Village, Binangun Sub-District, Blitar District, East Java,
Indonesia. RC: Ratoon Cane, PRC: Replanting Ratoon Cane, NPC: Newly Cultivated Plant Cane
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Figure 2. Plot design on each sugarcane ecosystem for observation

Ant sampling

Ant sampling was conducted from September until
December 2021. Sampling was carried out using the pitfall
trap method. The pitfall traps were made of plastic cups
with a height of 10 cm and a diameter of 7 cm. The pitfall
traps were buried in the ground, leveled with the soil
surface. Each trap was filled with water mixed with 5%
detergent to immobilize the trapped ants. Approximately
one-third of the cup's height was filled with the water-
detergent mixture, and a plastic cover was placed on top to
prevent rainwater from entering. The traps were set every
two weeks. The ants captured in each trap were collected
after 24 hours, placed in separate plastic bags, and then
brought to the laboratory to count the number of ants and
categorize them. Subsequently, ant samples were preserved
in bottles filled with 70% ethanol.

Identification

The identification of insects was conducted at the
Entomology and Phytopathology Laboratory of the
Research Institute for Sweeteners and Fibers and Plant Pest
Laboratory at the Department of Plant Pests and Diseases,
Faculty of Agriculture, Universitas Brawijaya. Morphological
identification was performed using existing literature such
as Bolton (1994) and Nazarreta et al. (2021). Identification
was carried out using Olympus SZX7 stereo microscope
provided by Plant Pest Laboratory. Identification was
carried out down to the genus and morphospecies level
(Lattke 2000). The population of ants was determined by
counting the number of individuals per ecosystem plot.

Data analysis

The data analysis in this study involved analyzing the
variances of all observed variables using ANOVA (Analysis
of Variance). In the case of significant differences between
treatments, further analysis was conducted using Duncan's
multiple range test at a significance level of 5%. Shapiro-
Wilk normality test was performed on species and
abundance variable. If the data were not normally

= Observation Plot

distributed, data were transformed using log(x+1). Ant
fluctuations were analyzed using a line chart to determine
the pattern of ant population growth in each ecosystem. To
assess the similarity of ant species composition among each
treatment, the ANOSIM test was employed, and the results
were presented through Non-Metric Multidimensional
Scaling (NMDS). The results of the ant similarity index
with RC, PRC, and NPC ecosystems are depicted in the
NMDS graph. The overlapping plots indicate the degree of
similarity, particularly those with similar compositions.
The entire statistical analysis was performed using R
software version 4.1.0 (R Core Team 2022).

RESULTS AND DISCUSSION

Ant diversity in sugarcane ecosystems

The identification results of ants in three sugarcane
ecosystems in Binangun, Blitar revealed the presence of 3
subfamilies, seven genera, and nine species and a total of
2,920 ant individuals. The Ratoon Cane (RC) ecosystem
had 1,866 individuals, the Replanting Ratoon Cane (PRC)
ecosystem had 485 individuals, and the Newly Cultivated
Plant Cane (NPC) ecosystem had 629 individuals (Table
1). All nine species were found in RC and PRC ecosystem.
While at NPC, there were only five species. Crematogaster
sp.1 was the most abundant ant species (2,488 individuals)
found followed by Polyrachis sp. (153 inds.) and Nylanderia
sp. (149 inds.). Crematogaster sp.1 had more abundance in
the RC than PRC and NPC ecosystem. While Nylanderia
sp. and Polyhrachis sp. were more abundant in the PRC
ecosystem. Among all species found, Pheidole sp. was the
least abundance species.

ANOVA analysis showed that the highest species
richness was found in the RC ecosystem, while the lowest
was found in the NPC ecosystem (F215=11.650; P=0.008;
Figure 3A). The ant abundance in the RC ecosystem was
significantly higher compared to the PRC and NPC
(F2,1s=51.160; P=0.001; Figure 3B).
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Fluctuations of ants in three sugarcane ecosystem
Fluctuations in ant populations were observed in three
sugarcane ecosystems: NPC, RC, and PRC (Figure 4). The
RC ecosystem exhibited rapid population growth, while the
PRC and NPC ecosystems experienced slower fluctuations.
During late-September or early observation, the ant population
were growing continuously until late-October. During early-
November, the ant populations in all agroecosystems exhibited
a decline. High precipitation occurred during late-October.

Ant composition in three sugarcane ecosystems

The ANOSIM analysis showed significant differences
in the ant species composition among each treatment and
the composition of the sugarcane cultivation ecosystems (R
ANOSIM=0.959, P=0.003, Figure 5). This finding elucidates
how the utilization of distinct cultivation patterns influences
ant species composition.
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Table 1. Diversity and abundance of ants in three sugarcane
ecosystems
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Figure 3. Boxplot of ant. A. Species richness, B. Abundance in the sugarcane ecosystems. NPC: Newly Cultivated Plant Cane, RC:
Ratoon Cane, PRC: Replanting Ratton Cane. Boxplot followed by the same letters within each box are not significantly different at
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Figure 4. Fluctuations in ant population captured by pitfall traps
in the Ratoon Treatment (RT), Unloading Ratoon (UR), and
Newly Cultivated Sugarcane (NL) ecosystems
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Discussion

Based on the research, it can be seen that different land
conditions affect the presence and diversity of ants in the
sugarcane ecosystem. Yudiyanto et al. (2014) explained
that the diversity of ants in a specific location is influenced
by variations in land conditions. The abundance of ant
species in a particular area is greatly affected by
environmental changes, and ants respond to environmental
disturbances or soil disruptions as they serve as their
habitats (Andersen 2019). Sharley et al. (2008) further
reported that soil tillage practices can have an impact on
the diversity and population abundance of ants in dryland
agriculture. Soil tillage can reduce the population of
predators whose life cycles are in the soil (Rowen et al.
2020). In general, conventional farming practices result in
significant changes in the composition and biodiversity of
soil fauna. Agricultural management often leads to a
reduction in species diversity and alters the structure of
specific ant population (de Castro Solar et al. 2016). This
can be attributed to soil tillage activities disrupting ant
habitats and reduce food availability and nesting sites.

Intensive soil tillage has a significant negative impact
on ant dynamics. Environmental changes and disturbances
to the habitat can result in alterations to the composition of
ant species, subsequently affecting trophic interactions and
food webs within the ecosystems (Romarta et al. 2020).
The effects of soil tillage on ant populations have garnered
considerable attention from researchers in recent decades.
Numerous studies have aimed to identify the specific ways
in which soil tillage influences ant presence and activity in
various ecosystems (Fernandes et al. 2018; Rowen et al.
2020; Rocher et al. 2022) Findings from these studies
consistently indicate that soil tillage can negatively affect
ant populations by disrupting soil structure and destroying
ant nests. Consequently, ants struggle to thrive and
reproduce in cultivated environments. RC had more species
and abundance of ants compare with PRC and NPC. In the
PRC plot, soil tillage was done in Early August to replace
the old sugarcane plant. While in the NPC, the field was
previously planted maize that needed intensive soil tillage.
Crematogaster is a genus of ants that exhibits ecological
diversity and can be found worldwide. These ants are
mostly arboreal and exhibit predatory behavior, preying on
other insects (Richard et al. 2001). Crematogaster can also
exhibit dominant behavior (Dejean et al. 2019).
Crematogaster has also been reported as the most abundant
predator in sugarcane plantations (Ahmad et al. 2020).
Their preferred habitat is in moist and dark environments,
such as trees or under leaf litter (De Oliveria et al. 2012).
The high number of Crematogaster in sugarcane fields is
very beneficial because it can potentially control pests in
sugarcane plantations. However, on the other hand,
Crematogaster can be too aggressive in the disturbed
ecosystem such as NPC (Richard et al. 2001). Dominant
Crematogaster in NPC plot potentially reduces ant species
richness due to their aggressiveness.

Of all the ants found, there are the genera Nylanderia
and Tapinoma which some of their species are known to be
tramp and invasive (Klime$ and Okrouhlik 2015; Williams
and Lucky 2020; Seifert 2022). The presence of invasive
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species can adversely affect ecosystems (Williams and
Lucky 2020). Invasive ants can monopolize existing
resources in an ecosystem and can get rid of existing native
species (Eyer et al. 2018). Tramp ants can adapt well to the
environment inhabited by humans. Agricultural ecosystems
are one example of an environment disturbed by humans.
Feng et al. (2015) reported that the presence of Tapinoma
ants may support mealybugs that attack plants by
protecting them from parasitoids. One of the pests on sugar
cane is the pink sugarcane mealybug Saccharicoccus
sacchari (Cockerell, 1895) (Hemiptera: Pseudococcidae)
(Monteiro et al. 2022). So the presence of tramp and
invasive ants can increase mealybugs as pest in sugarcane
plantations.

Chung and Maryati (1996) reported that human
interventions in cultivation processes, such as land
cultivation and plant maintenance, disrupt ant habitats and
reduce ant diversity compared to undisturbed habitats.
Andersen (1995) demonstrated that soil tillage reduces ant
species diversity and alters community structures, primarily
due to habitat damage, reduced food availability, and
nesting site disruption. Reducing land tillage in cultivation
practices with the ratoon system can increase existing
biodiversity (Freslev et al. 2022). Differences in the
composition of ant species in each sugar cane management
are caused by differences of ant preferences on specific
habitat condition. Intensive land plowing is not desirable
for ants establishment (Rocher et al. 2022).

Rainfall can affect ant populations by influencing nest
conditions in the soil. Wet and humid nest environments
reduce ant population growth, especially if the nests are not
designed to withstand excess water. Consequently, ants
may migrate in search of alternative food sources when
their habitat becomes less fertile after rainfall. These
dynamics directly impact the overall population trends of
ants in the soil. The decrease in ant populations throughout
the ecosystem in early-November was due to the transition
to the rainy season. The results of research by Uhey et al.
(2020) showed that the level of precipitation is negatively
related to ant abundance. Indirectly, high precipitation can
reduce abundance because the trophobiont insects that
provide honeydew for ants also decrease (Parr and Bishop
2022).

The conclusion is that the application of ratoon to
sugarcane is proven to be able to maintain the stability of
agro-ecosystems. The application of ratoons minimizes soil
disturbance support the diversity and abundance of ants in
the soil. Higher diversity and abundance were found in
ratoon sugarcane fields. The composition of ant species in
all fields shows differences. In addition, the ratoon
sugarcane ecosystem sustains diversity and abundance of
ants more compared to the other two ecosystem.
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