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Abstract. Purwantiningsih B, Leksono AS, Yanuwiyadi B, Gama ZP, Abdullah SA. 2025. Diversity, abundance, and ecological roles of 

insect pollinators in red guava flowers (Psidium guajava) in East Java, Indonesia. Biodiversitas 26: 1211-1219. Red guava (Psidium 

guajava) is a high-value crop with relatively easy cultivation requirements. However, the decline in pollinating insects is a global issue 

that has led to reduced P. guajava productivity and harvest yields. This study aimed to analyze the abundance, richness, diversity, 
evenness, and dominance of insects visiting P. guajava flowers, as well as to visually examine their visitation patterns across five 

locations in East Java, Indonesia: Pademonegoro, Tlekung, Oro-Oro Ombo, Junrejo, and Mulyoagung, and assess the ecological roles. A 

total of 3432 individual insects from 17 families and five orders were identified, with pollinators dominating in all locations. Junrejo 

exhibited the highest abundance (29.11%) but low diversity (0.78), whereas Pademonegoro had the highest diversity (1.80) with 
moderate abundance. Statistical analysis revealed no significant differences in insect composition between locations (p>0.05), although 

PCA analysis indicated variations in insect characteristics at certain sites. Insect activity was influenced by flowering periods, 

temperature, and light intensity, with peak activity varying across locations. These findings underscore the critical role of pollinators, 

particularly the Apidae family, in P. guajava pollination, highlighting their significant contribution. The study also highlights the diverse 
adaptations of insect communities to their local environments, providing insights into sustainable agroecosystem management through 

pollinator conservation. 
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INTRODUCTION 

Red guava (Psidium guajava) is a tropical fruit from the 

Myrtaceae family. It is known for its various advantages, 

such as easy cultivation, sweet taste, large fruit size, and 

relatively simple maintenance. The fruit originated in 

America and has now been widely cultivated in various 

countries, including India, Mexico, Brazil, Pakistan, Sri 

Lanka, Bangladesh, Myanmar, Indonesia, Malaysia, and 

the Philippines (Saji et al. 2022). In East Java, P. guajava 

ranks 10th in fruit productivity, with total production reaching 

797,984 quintals per year (BPS, 2023). However, despite 

its popularity, the quality of P. guajava fruit often receives 

little attention from producers, such as inconsistent ripeness, 
flavor, size, and texture. This issue is closely tied to the 

pollination process, which primarily relies on insect activity 

as the main pollinating agent.  

Furthermore, recent reports indicate a declining trend in 

P. guajava production and quality in certain regions. 

Factors such as climate variability, habitat loss, and a 

decrease in pollinator populations have been identified as 

key contributors to these issues (Omar et al. 2021). The 

reduced availability of pollinators, particularly bees and 

other insect species, has led to irregular fruit sets, smaller 

fruit sizes, and inconsistencies in taste and texture. 

Addressing these challenges requires a deeper understanding 

of pollination dynamics and the implementation of 

effective agricultural management strategies.  

Physiologically, P. guajava is a flowering plant whose 

reproduction is highly dependent on pollination. Pollination 

in P. guajava is mainly carried out by insect activity, which 
acts as the main pollinating agent (Hansen et al. 2020). 

Honey bees (Apis sp.) are the main pollinators of P. 

guajava plants that contribute to cross-pollination, ranging 

from 25.70% to 41.30% (Khalifah et al. 2021; Omar et al. 

2021). Globally, pollinating insects play an important role 

in maintaining ecosystem sustainability, especially in the 

agricultural sector. However, declines in pollinating insect 

populations have been observed in many regions, including 

Europe and North America (Llorente et al. 2023). In Asia, 

especially Indonesia, data on wild insects that act as 

pollinators are still relatively limited.  

Pollinator populations face increasing threats due to 

environmental changes caused by human activities, such as 

land conversion, pesticide use, and climate change 

(Leksono et al. 2020). The role of pollinating insects in 

tropical agroecosystems remains under-exploited, providing 

opportunities to fill knowledge gaps and develop locally 
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appropriate conservation strategies (Huda 2021). 

Insects generally visit flowers due to attractants such as 

pollen and nectar (primary attractants), as well as scent 

(secondary attractants) (Abidin et al. 2020; Widhiono et al. 

2022). Some insects hold economic value through their role 

as pollinators (Basualdo et al. 2022). Many insect species 

visit flowers, but not all of them serve as pollinators. Some 

visit flowers to forage for food, and pollination occurs 

during this process as pollen is transferred from one flower 

to the stigma of another or within the same flower 

(Hemberger and Gratton 2023; Indhu et al. 2022).  

The decline and extinction of pollinators have been 
widely observed in Europe and North America, while data 

on wild insects in Asia remains relatively scarce. Studies 

on flower-visiting insects offer opportunities to understand 

the ecological interactions between plants and insects. These 

insects not only act as pollination agents but also serve as 

indicators of overall ecosystem health (Purwantiningsih et 

al. 2024). By identifying the types of pollinators for P. 

guajava plants, environmentally friendly and efficient 

agroecosystem management strategies can be developed, 

such as utilizing natural pollinators to enhance crop yields 

(Amin et al. 2022). 

Several studies related to flower-visiting insects have 

been conducted, but the results vary across locations. For 

example, Rizal et al. (2018) reported that aphids, fruit flies, 

whiteflies, beetles, scale insects, and thrips were P. guajava 

pests in Jordan. Sarjan et al. (2023) reported that many 

predatory insects attacked P. guajava pests. Considering 

these prospects, this study aims to analyze the abundance, 

species richness, diversity, evenness, and dominance of 

flower-visiting insects across five red P. guajava orchards. 

The results of this study are expected to provide important 

information to support efforts in pollinator conservation 

and sustainably increase P. guajava productivity in 

Indonesia. 

MATERIALS AND METHODS  

Study area  
The research was conducted at five red guava (P. 

guajava) orchards located at different elevations but with 

similar land management practices, plant species, and 
approximately 15-year-old cultivation. The study was 

carried out from August 2023 to January 2024. The 

research locations were in five villages of East Java 

Province, Indonesia, as follows: (i) Pademonegoro 

(7°23'55.75"S, 112°39'27.19"E, 10 m asl.); (ii) Tlekung 

(7°54'44.01"S, 112°32'3.39"E, 904 m asl.); (iii) Oro-Oro 

Ombo (7°54'43.22"S, 112°31'29.29"E, 1004 m asl.); (iv) 

Junrejo (7°54'54.46"S, 112°33'31.11"E, 694 m asl.); (v) 

Mulyoagung (7°55'5.35"S, 112°34'54.08"E, 593 m asl.). 

The purpose of selecting these research sites was to assess 

differences in the composition of insect abundance, species 

richness, diversity, evenness, and dominance across the 

locations (Figure 1). 

 

 

 

 
 

Figure 1. Study area map showing the location of the research site in Pademonegoro, Tlekung, Oro-Oro Ombo, Junerjo, Mulyoagung 
villages of East Java Province, Indonesia 
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Sampling design and methods 
Insect observations were conducted directly on P. 

guajava flowers by establishing observation points 

measuring 10x10m for 15 minutes on each plant. 

Observations were made once a week for six months, 

resulting in 20 repetitions at each site. The visual 

observations were divided into three periods: Period I from 

08:00 to 11:00, Period II from 11:00 to 14:00, and Period 

III from 14:00 to 17:00.  

Data analysis 
After the data was collected for each period and 

repetition, data analysis was conducted using the following 

formulas: 

Abundance Index (DI) 

DI = (Ki)/(∑k) x100%, with criteria of low (<15%), 

moderate (15-20%), and high (>20%). 

Species Richness Index (R) 

R = (S-1)/(Ln (N0)), with criteria of low (<3), moderate 

(3-5), and high (>5). 

Diversity Index Shannon-Wiener (H’) 

H’ = ∑(ni/N) x (ni/N), with criteria of low (H’<1), 

moderate (1<H’<3), and high (H’>3). 

Evenness indices (E) 

E = (H')/(In (S)), with criteria of small, depressed 

communities (0<E<0.4), medium, stable communities 

(0.4<E<0.6), and stable evenness (0.6<E<1.0). 

Dominance Index (D) 

D = ∑ (pi)² = ∑(ni/N)² with criteria of low (0<C<0.5), 

moderate (0.5<C<0.75), and high (0.75<C<1).  

 
 An ANOVA was performed using SPSS to evaluate 

differences in the average abundance of insect visitors 

across different sites. The Bray-Curtis Index was applied to 

assess the similarity in species composition across different 

periods and sites, followed by Principal Component Analysis 

(PCA). 

RESULTS AND DISCUSSION 

Abundance, species richness, diversity, evenness, and 

dominance of insect visitors to Psidium guajava flowers 
A total of 3432 individual insect visitors were found 

across the five locations from five orders and 17 families. 

The highest number of orders was Hymenoptera, followed 

by Diptera, Lepidoptera, Coleoptera and Hemiptera. The 

number of families identified including Apidae, Vespidae, 

Tephritidae, Halictidae, Formicidae, Calliphoridae, Muscidae, 

Syrphidae, Lauxaniidae, Pieridae, Aphididae, Stratiomyidae, 

Drosophilidae, Nymphalidae, Hesperiidae, and Lycaenidae, 
Coccinellidae (Table 1).  

The abundance of insect visitors to P. guajava flowers 

was higher in Junrejo (29.11%), followed by Mulyoagung 

(24.45%) and Tlekung (22.87%), both exceeding 20%. In 

contrast, Pademonegoro recorded the lowest abundance at 

5.42%. The highest species richness was observed in 

Pademonegoro (5.36), classified as high, while Tlekung 

(4.20), Oro-Oro Ombo (4.35), Junrejo (4.05), and 

Mulyoagung (4.16) were categorized as moderate. The 

highest diversity of insect visitors was in Pademonegoro 

(1.80), while the lowest was in Junrejo (0.78), the latter 

being classified as low. The evenness of insect visitors was 

relatively similar across all locations, with most sites 

falling under the "low" category due to values below 0.4. 

The highest dominance of insect visitors was recorded in 

Junrejo (0.68), where Apis cerana was the dominant species. 

Insect visit periods 
Insect foraging activity varies depending on the 

flowering period, temperature, and light intensity (Leksono 

2017). Insects forage at different times throughout the day. 

At Pademonegoro and Junrejo, peak foraging activity of T. 

laeviceps and A. cerana was recorded from 08:00 to 11:00, 

followed by a decline from 13:00 to 17:00. Similarly, in 

Mulyoagung, Xylocopa sp. exhibited peak foraging activity 

in the morning. In contrast, in Tlekung, peak foraging of T. 
laeviceps, occurred in the afternoon, while at Oro-Oro 

Ombo, peak visits were recorded at midday (Figure 2). 

Abundance, species richness, diversity, evenness, and 

dominance of pollinating insects 
The abundance and percentage of pollinators were 

highest in Junrejo (926; 33.23%) and Mulyoagung (722; 
25.91%). Despite having the highest abundance, Junrejo 

had a low diversity index (0.47) and high dominance 

(0.78). Mulyoagung also showed high pollinator abundance 

(722; 25.91%) and pest presence (36), with a dominance 

value of 0.58, suggesting dominant species and no predators 

other than pollinators. In contrast, diversity of pollinators 

and predators in Tlekung (0.83; 0.61) and diversity of 

pollinators and predators in Oro-Oro Ombo (0.94; 0.69) 

exhibited more balanced species distributions. These locations 

also had a high number of pollinators and predators, which 

may help reduce pest populations. Pademonegoro had the 

lowest pollinator abundance (5.63%) and a relatively high 

predator dominance (0.44). Overall, the insect visitor 

community structure varied across the five locations, with 

pollinators dominating, followed by predators, pests, and a 

few detritivores (Table 2). 

Composition of pollinators at each location 
The composition of flower-visiting insects on P. 

guajava differs across locations. Junrejo exhibited the 

highest abundance with the widest distribution, reflecting 

the dominance of a certain insect compared to other 

locations. Mulyoagung also showed a significant 

abundance spread, with high maximum values, though the 
median was lower than in Junrejo. Tlekung and Oro-Oro 

Ombo displayed moderate variation, with lower maximum 

values. Pademonegoro had the lowest insect abundance 

(Figure 3.A). At the same time, the role of pollinators 

dominated the abundance at all locations. The greatest 

variation was found in pollinators and detritivores, while 

pests showed the least and most consistent abundance 

(Figure 3.B). 
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Table 1. Abundance, species richness, diversity, evenness, and dominance of insect visitors to Psidium guajava flowers 

 

Ordo Species (Family)  
Location 

Total Role 
PN TL OR JR MA 

Hymenoptera Apis cerana (Apidae) - 135 237 816 186 1374 Pollinator 

 Tetragonula laeviceps (Apidae) 62 270 279 81 160 852 Pollinator 

 Xylocopa sp. (Apidae) 48 - 34 5 376 463 Pollinator 
 Vespa affinis (Vespidae) 1 10 - 42 - 53 Predator 

 Stenodynerus histrionalis (Vespidae) 15 - 13 5 - 33 Predator 

 Bactrocera sp. (Tephritidae) - - - - 25 25 Pest 

 Apis mellifera (Apidae) 16     16 Pollinator 
 Polistes sp. (Vespidae) - - - 16 - 16 Predator 

 Camponotus sp. (Formicidae) 12 - - - - 12 Predator 

 Lassioglosum sp. (Halictidae) 1 - - - - 1 Pollinator 

Diptera  Lucilia sericata (Calliphoridae) - 121 - - 9 130 Detritivore 
 Musca sp. (Muscidae) - 186 - 7 72 265 Detritivore 

 Episyrphus balteatus (Syrphidae) 2 17 4 14 - 37 Pollinator 

 Minettia longipennis (Lauxaniidae) - 10 24 - - 34 Detritivore 

 Drosophilla sp. (Drosophilidae) - 20 - - - 20 Detritivore 
 Hydrotaea houghi (Muscidae) - - 14 - - 14 Detritivore 

 Sargus flavipes (Stratiomyidae) - 5 - - - 5 Predator 

 Paragus haemorrhous (Syrphidae) - 3 - - - 3 Pollinator 

Lepidoptera Yptima sp. (Nymphalidae) 24 1 - - - 25 Pollinator 
 Potanthus sp. (Hesperiidae) - - - 10 - 10 Pollinator 

 Eurema hecabe (Pieridae) 3 - - - - 3 Pollinator 

 Pieris sp. (Pieridae) -  2 - - 2 Pollinator 

 Zizula hylax (Lycaenidae) 1 - - - - 1 Pollinator 
Coleoptera Coccinella sp. (Coccinellidae) 1 - 16 - - 17 Predator 

 Henosepilachna sp. (Coccinellidae) - 3 - - 11 14 Pest 

 Phengodes sp. (Coccinellidae) -  - 3 - 3 Predator 

  Cole sp. (Coccinellidae) - 2 - -   2 Predator 
Hemiptera  Sitobion sp. (Aphididae) - 2 - - - 2 Detritivore 
         

No. individuals 186 785 623 999 839 3432  

Percentage 5.42 22.87 18.15 29.11 24.45   
Species Richness 5.36 4.20 4.35 4.05 4.16   

Shannon_H 1.80 1.70 1.32 0.78 1.43   

Evenness_e^H/S 0.34 0.26 0.21 0.11 0.21   

Dominance_D 0.21 0.23 0.35 0.68 0.29     

Notes: PN: Pademonegoro; TL: Tlekung; OR: Oro-Oro Ombo; JR: Junrejo; MA: Mulyoagung 

 

 

 

Table 2. Average abundance, species richness, diversity, evenness, and dominance of insects in the organic orchard of Psidium guajava 
in East Java, Indonesia 

 

Location Ecological roles Abundance Percentage Species richness Shannon_H Evenness Dominance_D 

Pademonegoro Pollinator 157 5.63 2.37 1.44 0.29 0.28 

 Predator 29 20.57 2.08 0.94 0.28 0.44 

 Pest - - - - - - 
 Detritivore - - - - - - 

Tlekung Pollinator 426 15.29 1.98 0.83 0.14 0.50 

 Predator 17 12.06 2.82 0.61 0.22 0,10 

 Pest 3 7.69 1.82 - - 1.00 
 Detritivore 339 72.90 1.03 0.95 0.16 0.38 

Oro-oro Ombo Pollinator 556 19.52 1.90 0.94 0.15 0.44 

 Predator 29 20.57 2.38 0.69 0.20 0.51 

 Pest - - - - - - 
 Detritivore 38 8.17 1.65 0.50 0.14 0.14 

Junrejo Pollinator 926 33.23 1.76 0.47 0.07 0.78 

 Predator 66 46.81 1.91 0.97 0.23 0.47 

 Pest - - - - - - 
 Detritivore 7 1.51 2.65 - - 1.00 

Mulyoagung 

  

Pollinator 722 25.91 1.82 1.02 0.16 0.39 

Predator - - - - - - 

Pest 36 92.31 0.56 0.62 0.17 0.58 
Detritivore 81 17.42 1.37 0.16 0.04 1.79 
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Figure 2. Insect visitation periods on Psidium guajava flowers at the study sites in East Java, Indonesia: A. Pademonegoro; B. Tlekung; 
C. Oro-Oro Ombo; D. Junrejo; E. Mulyoagung 

 

 

 

Pademonegoro has a composition of pollinating insects 
(84%) consisting of families Apidae, Syrphidae, Pieridae, 

Nymphalidae, Halictidae, and Lycaenidae, while 16% are 

predators. Tlekung has a pollinator composition of 54%, 

including families Apidae, Syrphidae, and Nymphalidae, 

with other insects being predators (2%), pests (1%), and 

detritivores (43%).  

Oro-Oro Ombo has a composition of 89% pollinators, 

including families Apidae, and Syrphidae. Predators make 

up 5%, and detritivores account for 6%. Junrejo has a 

pollinator composition of 93%, mainly from the families 

Apidae, Syrphidae, and Hesperiidae. Other insects include 

predators (6%) and detritivores (1%). Mulyoagung has 

86% pollinators, predominantly from families Apidae, while 

other insects are pests (4%) and detritivores (10%) (Figure 

4). 

The ANOVA test showed no significant difference in 

the abundance of pollinators between locations (F(5,239): 
0.571, P: 0.718>0.05). Similarly, there were no significant 

differences in predator composition (F(5,239): 1.08, P: 

0.380>0.05), pest composition (F(5,239): 1.51, P: 0.199>0,05), 
and no significant differences in detritivore composition 

(F(5,239): 0.51, P: 0.730>0.05) across the location. 

Analysis of the composition of P. guajava pollinator 

using the Bray-Curtis Index revealed similarities in 

pollinator species between Junrejo, Mulyoagung, and the 

other three locations. However, the insect visitors in 

Junrejo were more similar to those in Pademonegoro and 

different from those in Mulyoagung in terms of pollinator 

species composition (Figure 5). Based on correlation 

analysis, the Eigenvalue (9.3584) >1, a crucial finding, 

indicates that the correlation requirement is met, allowing 

for further analysis using PCA (Principal Component 

Analysis). The PCA results reveal the relationship between 

location, environmental factors, and insect roles based on 

two main components. The distribution of pollinator insect 

abundance varies across the five locations, with 

Pademonegoro showing the most distinct differences, while 
Tlekung, Oro-Oro Ombo, and Junrejo exhibit similarities. 

 

C D 

E 

B A 
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Figure 3. A. Distribution of abundance across sites; B. Distribution of ecological roles across sites 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Composition of pollinating insects and others on Psidium guajava orchard in East Java, Indonesia. A. Pademonegoro; B. 
Tlekung; C. Oro-Oro Ombo; D. Junrejo; E. Mulyoagung 

 

 

 

Component 1 (X-axis) is primarily influenced by 

temperature, predators, and wind speed, whereas Component 

2 (Y-axis) is more affected by rainfall, humidity, and 

detritivores. Junrejo stands out in Component 1 due to its 

high temperature and the presence of predators, while 

Mulyoagung and Tlekung are more influenced by humidity 

and rainfall. Pademonegoro is characterized by temperature 

and predator influence, whereas Junrejo is more associated 

with wind speed. 

The insect community composition also differs among 

locations. Apis mellifera, Trigona laeviceps, Xylocopa sp., 

Zizula hylax, Eurema hecabe, and Lasioglossum sp. 

dominate Pademonegoro. Tlekung is characterized by 

Polistes haemorrhous, Drosophila sp., Lucilia sericata, T. 

laeviceps, and Episyrphus balteatus. Oro-Oro Ombo is 

defined by Pieris sp., Junrejo by Potanthus sp. and Apis 

cerana, and Mulyoagung by A. cerana, Potanthus sp., and 

Xylocopa sp. 

In the PCA analysis, pollinators are positioned at the 

center, indicating that their presence is influenced by 

environmental factors such as light intensity and rainfall. 

Meanwhile, predators are more dominant in areas with 

lower temperatures, such as Pademonegoro, whereas 

detritivores are more closely associated with high humidity 

in Mulyoagung (Figure 6). 

D E 

A B 

A B C
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Discussion 
The results of the study revealed that the number of 

insect visitors to P. guajava flowers across five P. guajava 

is a plant that requires pollination to produce optimal fruit. 

Some species that have been proven to act as P. guajava 

pollinating insects include: Xylocopa sp., T. laeviceps, Apis 

spp. (Hansen 2020; Khalifa 2021). The results of this study 

found that the number of insect visitors to P. guajava 

flowers in five locations reached 3,432 individuals with 17 

families and five main orders: Hymenoptera, Diptera, 

Lepidoptera, Coleoptera, and Hemiptera. The abundance of 

flower visitor insects in each location showed significant 
variation. The Junrejo site had the highest abundance 

(29.11%), followed by Mulyoagung (24.45%) and Tlekung 

(22.87%) (Table 1). The dominance of Apis cerana species 

was evident in all three sites, especially in Junrejo, 

reflecting its important role as the main pollinator in 

supporting the pollination of P. guajava flowers. 

The research findings on the diversity of P. guajava 

flower visitor insects in Pademonegoro and Tlekung have 

significant implications for ecosystem stability. The highest 

diversity was found in Pademonegoro (1.80), indicating a 

more even distribution of species compared to other 

locations. In contrast, Junrejo had low diversity (0.78) 

despite its high abundance of insect visitors (Table 1). The 

low evenness in certain locations, such as Junrejo, indicates 

the dominance of certain species that can affect ecosystem 

stability. This finding suggests that there is no extreme 

dominance of species, but there is also no completely even 

distribution. The higher diversity in Tlekung suggests that 
the habitat supports more species without the dominance of 

any one species (Purwantiningsih et al. 2024). This is 

relevant to the ecological principle that an even distribution 

increases ecosystem stability, as different species can play 

different ecological roles (Eisenhauer et al. 2024). Junrejo 

dominates species such as A. cerana, which may limit the 

opportunities for other species to thrive. Such dominance 

can create an imbalance, reducing the ecosystem's resilience 

to disturbance. With low diversity, ecosystem functions are 

more susceptible to disruption if dominant species decline 

(Runnel et al. 2024). The dominance of A. cerana species 

found on P. guajava flowers may reduce variation in 

pollination. Some species may have preferences for certain 

times or parts of the flower. When dominant species 

dominate, the diversity of pollination methods decreases, 

which in turn can affect fruit development (Osterman et al. 

2024). 

The Mulyoagung site also had a high abundance (24.45%) 

with a diversity value (1.43) in the medium category (Table 

1). These findings suggest that the Mulyoagung habitat has 

better microhabitat diversity and a more even distribution 

of resources. This factor allows various insect species to 

coexist without excessive dominance by one species. 

Nectar and pollen resources are likely to be more dispersed, 
making them accessible to a wide range of pollinator 

species. It is also possible that the Mulyoagung orchard 

does not have species that are highly competitive or 

aggressive in dominating floral resources. This allows other 

species, including fixed species, to contribute to pollination 

activities. The composition of pollinator species in 

Mulyoagung, such as A. cerana and Xylocopa sp., allows 

the division of roles in pollination, besides the role of 

Coccinella sp., which may also play a role in controlling 

the population of certain species so as to prevent domination. 
 

 

 

 

Figure 5. Bray-Curtis similarity index of insects across five locations 

of Psidium guajava orchard in East Java, Indonesia 

 
 

 
 
Figure 6. Relationship between sites, abiotic factors, and insect numbers using PCA analysis 
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The Junrejo location seems to be more favorable to the 

activities of flower-visiting insects compared to other 

locations. This can be attributed to the flight range of some 

flower-visiting insect species found in this location. For 

example, honey bees (A. cerana) and T. laeviceps have an 

average flight range of up to 1.5 km, while other bees, such 

as Xylocopa sp., can reach up to 2 km (Neto et al. 2009). A. 

cerana and T. laeviceps may build colony nests in tree 

cavities or artificial structures around the P. guajava site, 

while solitary bees such as Xylocopa sp. build their nests 

on the ground, dead wood, or natural cavities around the P. 

guajava orchard. In addition, the abundant flowering plants 
around Junrejo, such as those from Fabaceae and 

Asteraceae species, can provide an abundant source of 

nectar and pollen, supporting insect activity throughout the 

day. The combination of ideal environmental factors with the 

presence of abundant floral resources in Junrejo creates 

optimal conditions for various species of flower-visiting 

insects. 

The Junrejo site is dominated by pollinators such as A. 

cerana. Two main factors influence differences in insect 

abundance and composition between sites: i) competition 

between species, where highly efficient honey bees (A. 

cerana) dominate nectar and pollen collection; ii) the 

displacement effect of other species. The dominance of A. 

cerana may lead to a decline in the abundance of less 

competitive pollinators, such as solitary bees (Xylocopa 

sp.), and stingless bees (T. laeviceps). These species may 

be outcompeted for floral resources, resulting in reduced 

foraging activity or relocation to other habitats with less 
competition (Patel et al. 2021; Purwantiningsih et al. 2024).  

Pollinator composition was dominated by the family 

Apidae or order Hymenoptera in all locations. Junrejo and 

Oro-Oro Ombo showed a very high proportion of pollinators 

(89-93%) (Figure 4), while Pademonegoro showed a more 

balanced distribution between pollinators and predators. 

The Hymenoptera order is the most useful group of insects 

in agriculture. Some members of this order serve as natural 

enemies of insect pests and as important pollinators for 

plants. Some pollinators from the Hymenoptera and 

Lepidoptera orders have mouthparts specialized in sucking 

nectar and other plant fluids. These devices support 

pollinators to survive very easily in extreme nectar 

environments and can still improve insect health (Faraz et 

al. 2023). 

The role of pollinators visiting P. guajava flowers 

dominated in all locations, with the highest contribution in 
Junrejo (93%) and Oro-Oro Ombo (89%) (Figure 4). This 

suggests that these organisms play a key role in pollination, 

which is a vital process for plant reproduction and the 

sustainability of the P. guajava seed flower population. 

These data also underscore the species relationship 

between these plants and the local pollinator community. In 

contrast, the roles of predators, pests, and detritivores show 

a smaller distribution but are important for ecosystem 

balance. This suggests the presence of predators keeps pest 

populations in check, reducing the risk of excessive 

damage to the crop. As for pests, although they are 

considered detrimental, they are also part of the food chain 

that supports trophic balance; the presence of detritivores 

can also help recycle organic matter, improve soil quality, 

and support overall ecosystem health. The results of this 

study highlight the intricate interdependence of organisms in 

the ecosystem, underscoring the complexity and 

interconnectedness of nature. Referring to the results of this 

study, it emphasizes that even the smallest role in the 

distribution of organisms remains relevant to maintaining a 

sustainable ecological balance (Verma et al. 2023). 

The daily activities of flower-visiting insects were 

observed to have different patterns in each location. In 

Pademonegoro and Junrejo, the peak activity of A. cerana 

and T. laeviceps occurred in the morning (08.00-11.00). In 
contrast, Tlekung showed a peak in the afternoon (14.00-

17.00). This variation in activity time is influenced by 

temperature, humidity, flowering period, and light intensity 

(Trani et al. 2023). In addition, this difference can be 

attributed to the micro-climate in each location as well as 

the insect's specific preference for certain environmental 

conditions (Joanna et al. 2021). Environmental factors such 

as temperature, humidity, light intensity, and flower opening 

period affect the activity of flower-visiting insects. Sites 

with certain environmental factors, such as temperature and 

predators in Junrejo, favor pollinating insect activity, while 

sites with high humidity and rainfall favor detritivores 

(Figure 6). 

The ecological implication of this study is that roles 

such as A. cerana and Xylocopa sp. are critical in maintaining 

the sustainability of P. guajava flower populations. 

However, the dominance of certain species, as was the case 

in Junrejo, can reduce the diversity of pollination methods, 
which in turn affects the reproductive success of plants 

(Osterman et al. 2024). The higher diversity in Tlekung 

reflects better ecosystem stability as the even distribution 

of species allows various ecological roles to be performed 

in a balanced manner (Eisenhaur et al. 2024). 

In addition, pest predators and detritivore also contribute 

to maintaining ecosystem balance. The presence of 

predators helps control pest populations, while Detritivores 

play a role in recycling organic matter, improving soil 

quality, and supporting overall ecosystem health (Manna et 

al. 2021). Therefore, despite their small proportion, their 

role cannot be ignored in maintaining ecological balance. 

In conclusion, the number of insect visitors to P. 

guajava flowers in Junrejo was higher compared to the 

other four locations, but its diversity was low, while 

Tlekung had the highest diversity. The pollinator 

composition was dominated by the Apidae family, with 
significant contributions from Apidae in several locations. 

The analysis indicated no significant differences in insect 

visitor composition among the five locations, but PCA 

results revealed variations in characteristics reflecting local 

environmental influences. Peak insect activity occurred 

between 08:00 to 11:00. Overall, despite differences in the 

number and types of pollinators across the five locations, 

the insect composition in Tlekung, Oro-Oro Ombo, 

Junrejo, and Mulyoagung generally resembled each other, 

with species such as A. cerana and T. laeviceps, except for 

Pademonegoro, which was dominated by A. mellifera and 

Xylocopa sp. This study shows that the presence of A. 

mellifera and A. cerana can influence and slightly reduce 
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pests but does not drastically alter the insect dynamics in 

red P. guajava orchards. Additionally, it highlights the 

importance of pollinators, especially the Apidae family, in 

P. guajava pollination. 
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