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Abstract. Koneri R, Siahaan P, Saroyo, Nangoy MJ, Wakhid. 2025. Arboreal insects and mangrove vegetation pollinators in Bunaken 
National Park, North Sulawesi, Indonesia. Biodiversitas 26: 1553-1564. The diversity of mangrove species is predominantly composed 
of animals and plants, where insects have not been fully explored. Therefore, this study aimed to analyze the diversity of arboreal insects 
and mangrove vegetation pollinators on the Coast of Bunaken Sub-district, Manado City, North Sulawesi, Indonesia. Sampling was 

conducted at 3 observation stations in mangrove vegetation using the beating-tray method to obtain arboreal insects. Scan sampling and 
insect nets were used for mangrove vegetation pollinators. The results showed that arboreal insects and mangrove vegetation pollinators 
comprised 1,028 individuals covering 45 species in 17 families and 6 orders. The order with the highest abundance was Hymenoptera, 
while the largest number of species was Lepidoptera. Based on the relative abundance of species, Oecophylla smaragdina, Tetrigona 
apicalis, and Dolichoderus thoracicus were ranked as 1, 2, and 3, respectively. The average index of dominance, richness, and diversity 
of arboreal insects and the highest mangrove vegetation pollinators were found at Meras station. The similarity analysis indicated that 
the composition of arboreal insects and mangrove vegetation pollinators did not show significant differences. Environmental factors 
such as air temperature, air humidity, wind speed, and light intensity at the 3 observation stations were different. The highest air 
temperature and wind speed were found at the Tongkaina, while Meras had the lowest. The common species distribution pattern found 

was aggregate, suggesting that the mangrove vegetation area on the coast of Bunaken could support the abundance, richness, and 
diversity of arboreal insects as well as mangrove vegetation pollinators. At all observation stations, approximately the same species of 
insect composition was found. These results provided valuable information, serving as a database and consideration in formulating 
conservation strategies for arboreal insects and mangrove vegetation pollinators in the mangrove forest area on the Coast of Bunaken 
Sub-district. 
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INTRODUCTION  

Insects are a diverse group of animals with abundant 

numbers on Earth, playing a crucial role in the mangrove 

ecosystem (Anneboina and Kavi 2017; Ritter et al. 2019). 

Based on previous studies, the existence of insects in 

mangrove forests is essential for ecologists and entomologists 

(Alafia et al. 2023). Gbarakoro and Okene (2020) observed 

a strong relationship between insects and the mangrove 

ecosystem. Specifically, insects contribute to diversity and 
sustainability through their feeding activities, while 

mangroves provide suitable habitats for insects (Gbarakoro 

and Okene 2020). This group of animals contributes to 

ecological dynamics and plays a substantial role in the 

sustainability of life on Earth (Schowalter 2022). 

Insects, including bees, butterflies, and beetles, often 

facilitate the pollination of mangrove plants, serving as a 

biodiversity component and a supporter of ecosystem 

processes. According to Chen et al. (2018), plants rely on 

insects for pollen transfer, which facilitates the reproduction 

and regeneration of mangrove ecosystems. Beetle larvae 

and termites also play a role in the decomposition of leaf 

litter, which decomposes organic matter into nutrients that 

plants can reabsorb (Setyawan et al. 2020; Yeo et al. 2021). 

Insects are an important food source for various 

predators in the mangrove ecosystem, including birds, fish, 

and amphibians. The presence of insects supports complex 

food webs and ecosystem balance (Sari et al. 2022; 

Schowalter 2022), playing a crucial role as biological 

control agents, including predators and parasitoids such as 

dragonflies and parasitoid wasps, which help control pest 
populations. These animals maintain the balance of other 

insect populations that have the potential to damage 

vegetation (Sembiring et al. 2024). Some insects, including 

ants, contribute to seed dispersal by carrying small seeds to 

their nests, thereby facilitating the spread and regeneration 

of mangrove plants (Bakra et al. 2022). 

The decline in insect populations worldwide has gained 

significant attention due to fragmentation, habitat change, 

loss, and increased pesticide use (Powney et al. 2019; 

Zattara and Aizen 2021). The threat of insect extinction 

occurs not only in lowland, highland forests, and plantation 

lands but also in mangrove forests that grow abundantly on 
the coast. Some efforts to anticipate insect extinction in 

coastal areas include mangrove forest conservation.  
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Mangrove forest conservation, in addition to preserving 

trees and restoring their economic-ecological functions, 

also supports the fauna life. Various efforts are made to 

conserve mangroves due to the significant contribution to 

social life and functional benefits for the ecosystem 

(Kusmana 2018; Konoyima 2020). Mangroves can occupy 

intertidal areas and interact with aquatic and terrestrial 

ecosystems, thereby supporting the diversity of flora and 

fauna (Romanach et al. 2018; Martin et al. 2019).  

Bunaken National Park (TNB) belongs to the National 
Park Management Section (SPTN) Region I Meras (Tabba 

et al. 2015). This area is in direct contact with the activities 

of the surrounding community, such as a pier, fishing, and 

boat mooring. There is also an ecotourism area; thereby, 

high human activity in an ecotourism area will impact the 

mangrove ecosystem. 

In mangrove vegetation, there are insects associated 

with trees, both arboreal insects and mangrove vegetation 

pollinators. Several orders of insects are found in mangrove 

ecosystems, such as Coleoptera, Diptera, Embiidina, 

Odonata, Hymenoptera, Lepidoptera, Orthoptera, Blattaria, 
and Homoptera (Sembiring et al. 2024). Arboreal insects 

and mangrove vegetation pollinators are unique compared 

to other ecosystems. The uniqueness of the insect community 

in mangrove vegetation is due to unusual environmental 

conditions characterized by extreme daily fluctuations in 

salinity, temperature, and waterlogging. Several studies on 

insects in mangrove forests have been studied and published 

(Semium et al. 2020; Setyawan et al. 2020; Hasan and 

Nurmiati 2022; Paliana et al. 2022; Rante et al. 2023; 

Sembiring et al. 2024). Further investigation is needed to 

provide the necessary information regarding the diversity 
of arboreal insects and mangrove vegetation pollinators in  

the Coast of Bunaken Sub-district. Therefore, this study 

aimed to explore the diversity and distribution of arboreal 

insects as well as mangrove vegetation pollinators and their 

relationship with environmental factors. The results are 

expected to be used to evaluate and consider insect 

conservation strategies in mangrove vegetation on the 

Coast of Bunaken Sub-district, the Bunaken Marine National 

Park area. 

MATERIALS AND METHODS  

Study area  
This study was conducted from April to November 

2024 at 3 mangrove forest observation stations on the Coast 

of Bunaken Sub-district, Manado City, North Sulawesi, 

Indonesia (Figure 1). Identification of insect samples was 

carried out at the Advanced Biology Laboratory of the 

Faculty of Mathematics and Natural Sciences, Universitas 

Sam Ratulangi. Observation Station 1 is located in the 

Bahowo mangrove ecotourism area, which is predominantly 

composed of mangrove species from the genera Rhizophora 

and Sonneratia (124°49'13.06"E, 01°34'54.91"N). Observation 

Station 2 is situated in Tongkaina Village, where the 
mangrove forest is dominated by species from the genera 

Sonneratia and Rhizophora (124°48'28.05"E, 01°34'24.42"N). 

This mangrove area also features a pier serving as a 

crossing point to Bunaken Island. Observation Station 3 is 

located in the mangrove forest of Meras Subdistrict, where 

the dominant mangrove species belong to the genera 

Sonneratia and Avicennia (124°48'54.40"E, 01°34'03.96"N). 

At each station, 3 transect lines were made with a length of 

200 m. 
 

 

 

 
 
Figure. 1. Map of the study on the Coast of Bunaken Sub-district, Manado City, North Sulawesi, Indonesia 
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Procedures sampling technique 

This study used the purposive random sampling method. 

Arboreal insects or inhabitants of mangrove tree canopies 

were captured using the beating-tray method. The beating 

tray was made of a container in the form of a white cloth 

measuring 1.5 m2, placed under the desired mangrove 

vegetation. Insect collection was carried out by shaking the 

mangrove branches 30 times for 5 minutes and collecting 

the insects that fell into the cloth container. A total of 10 

net trays were on each transect line, and insect collection 
was carried out immediately after the tree branches were 

beaten/shaken (Sembiring et al. 2024). 

The scan sampling method, according to Koneri et al. 

(2024), was used to observe mangrove vegetation pollinators. 

Both collection and observation were performed on sunny 

days from 08.00 am-03.00 pm. Observation was performed 

at each station for 3 days monthly within 3 months by 

walking along the transect line and recording the species 

and number of pollinating insects. Mangrove vegetation 

pollinators were caught with the sweep net for 

identification.  
Species of arboreal insects that were unknown and 

mangrove vegetation pollinators were captured and collected 

for identification. This process was carried out using an 

identification book from Sakagami et al. (1990), Tsukada 

(1991), Otsuka (1991), and Michener (2000) followed by 

classification Measurement of environmental factors such 

as air temperature with a thermometer, air humidity using a 

hygrometer, wind speed through anemometer, and light 

intensity using a lux meter. Height above sea level was 

measured, and the Global Positioning System (GPS) was 

used to determine coordinates.  

Data analysis 

The richness and abundance of arboreal insect pollinators 

associated with mangrove vegetation at each station were 

systematically compiled using Microsoft Excel. Community 

structure metrics including species abundance, species 

richness, the Shannon-Wiener diversity index (H' = –Σpi 

ln pi), and Pielou's evenness index (J = H'/lnS) were 

calculated for each observation station (Bashir et al. 2019). 

Significant inter-habitat differences in individual abundance, 

species richness, Shannon diversity, and evenness were 

evaluated using one-way ANOVA followed by Tukey’s 

post hoc test at a 95% confidence level via Statistica 
software version 6 (Bashir et al. 2019). To assess variations 

in species composition across stations, an Analysis of 

Similarity (ANOSIM) was performed, while differences in 

insect community structure among stations were examined 

using non-metric multidimensional scaling (NMDS) based 

on the Bray-Curtis dissimilarity index. Subsequently, 

principal component analysis (PCA) was employed to 

elucidate the relationships between environmental factors 

(independent variables) and the sampling stations (dependent 

variables). The PCA, ANOSIM, and NMDS analyses were 

conducted using Paleontological Statistics software (PAST 

software 3.10) (Cuartas-Hernández and Gómez-Murillo 2015; 

Wakhid et al. 2021). 

Insect diversity was calculated using the Morisita index 

formula according to Purnama et al. (2024): 

 

 
 

Where, Id represents the Morisita dispersion index, n 
denotes the number of plots, x corresponds to the number 

of individuals per plot, ∑X² signifies the sum of squares of 

all species for each plot, and N is the total number of 

individuals. Accordingly, an Id value of 1 indicates a random 

distribution pattern, values exceeding 1 suggest aggregate 

distribution, and values below 1 reflect a regular or uniform 

distribution pattern. 

RESULTS AND DISCUSSION 

Insect species composition 

The results on arboreal insects and mangrove vegetation 

pollinators obtained 6 orders covering 17 families, 45 species, 

and 1,028 individuals, as shown in Table 1. Based on 

species abundance, the Hymenoptera order had the highest 
abundance (730 individuals or 71.01%), followed by 

Lepidoptera with 195 individuals or 18.97% (Figure 2.A). 

The order with the highest number of species was Lepidoptera 

(17 species or 37.38%), followed by Hymenoptera (14 

species or 31.11%). Meanwhile, the order with the lowest 

number of species was Diptera, which only found 1 species 

(2.22%) (Figure 2.B). The Meras observation station had 

the highest number of individuals (353) and species (34) 

compared to the other 2 stations. In comparison, the 

Tongkaina station has the lowest at 330 individuals and 24 

species (Table 1). 
The overall ranking of 45 insect species found in the 

study area based on the relative abundance of 28.60%, 

19.46%, and 5.64% showed that Oecophylla smaragdina, 

Tetrigona apicalis, and Dolichoderus thoracicus were 

ranked 1, 2, and 3, respectively (Figure 3). The high 

steepness of the curve from the 1st to the 2nd ranked species 

showed that the Oecophylla smaragdina species was quite 

abundant in the habitat around the mangrove forest. 

Furthermore, from the 2nd to the 45th-ranked species, the 

curve's steepness was low, indicating that the evenness of 

species in the mangrove forest on the coast of Bunaken was 

quite good (Figure 3).  
The percentage of butterfly composition at each station 

based on individual abundance showed that the Hymenoptera 

order had the highest at the 3 stations observed. 

Hymenoptera of 72.42% was found at Tongkaina station, 

followed by Bahowo and Meras at 71.59% and 69.12%, 

respectively. Furthermore, the 2nd highest abundance was 

the Lepidoptera order, with a percentage of abundance of 

21.52% at Tongkaina station, followed by Meras (18.13%) 

and Bahowo (17.39%) (Figure 4). 
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Table 1. The composition of arboreal insects and mangrove vegetation pollinators 

Order Family/Species 
Station/Individuals 

∑ % 
Bahowo Meras Tongkaina 

Anisoptera Libellulidae      
 Orthetrum pruinosum 2 4 1 7 0.68 
 Celebothemis delecollei  1 2 0 3 0.29 
 Neurothemis ramburii  3 0 0 3 0.29 
Coleoptera Cerambycidae      
 Xystrocera festiva  2 1 0 3 0.29 
 Chrysomelidae      
 Pagria signata 0 3 2 5 0.49 

 Adoxia benallae 1 1 0 2 0.19 
 Monolepta signata  1 1 0 2 0.19 
 Coccinellidae      
 Chilocorus circumdatus  0 2 0 2 0.19 
 Neda norrisi 2 0 0 2 0.19 
 Scarabaeidae      
 Anomala minahassae  2 8 11 21 2.04 
Diptera Syrphidae      

 Eristalinus arvorum  24 5 6 35 3.40 
Hymenoptera Apidae      
 Tetrigona apicalis  69 57 74 200 19.46 
 Xylocopa confusa  9 4 3 16 1.56 
 Xylocopa latipes  0 6 2 8 0.78 
 Thyreus nitidulus  0 5 0 5 0.49 
 Eumenidae      
 Delta pyriforme  0 0 12 12 1.17 

 Polistes dorsalis  8 3 0 11 1.07 
 Formicidae      
 Oecophylla smaragdina  94 107 93 294 28.60 
 Dolichoderus thoracicus  24 15 19 58 5.64 
 Solenopsis geminata  26 11 7 44 4.28 
 Halictidae      
 Nomia strigata  0 12 0 12 1.17 
 Ceratina nigrolateralis  0 9 0 9 0.88 
 Sphecidae      

 Sphex muticus  4 0 6 10 0.97 
 Vespidae      
 Vespa tropica  6 10 18 34 3.31 
 Ropalidia stigma  7 5 5 17 1.65 
Lepidoptera Lycaenidae      
 Hypolycaena erylus  6 28 9 43 4.18 
 Lampides boeticus  4 4 0 8 0.78 
 Arhopala acetes  1 3 0 4 0.39 

 Nymphalidae      
 Ideopsis juventa  6 2 10 18 1.75 
 Danaus ismare  12 0 4 16 1.56 
 Junonia hedonia  5 0 8 13 1.26 
 Euploea eupator  0 4 4 8 0.78 
 Hypolimnas bolina  6 0 0 6 0.58 
 Parantica cleona  2 0 2 4 0.39 
 Parthenos sylvia  1 0 0 1 0.10 

 Papilionidae      
 Papilio ascalaphus  10 4 0 14 1.36 
 Papilio polytes  0 6 0 6 0.58 
 Troides helena  0 0 4 4 0.39 
 Graphium agamemnon  2 0 0 2 0.19 
 Pieridae      
 Catopsilia pomona  4 4 16 24 2.33 
 Catopsilia scylla  1 5 9 15 1.46 

 Hebomoia glaucippe  0 4 5 9 0.88 
Orthoptera Acrididae      
 Valanga nigricornis  0 8 0 8 0.78 
 Stenocatantops splendens  0 5 0 5 0.49 
 Valanga irregularis  0 5 0 5 0.49 

 Number of individuals 345 353 330 1,028 100.00 
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 Number of spesies 31 34 24 45  

  
A B 

Figure 2. The composition of insect orders on mangrove vegetation based on individual abundance (A) and species count (B) 
 
 

 
 
Figure 3. The rank-abundance curve of arboreal insects and 
mangrove vegetation pollinators 

 
 

Figure 4. The relative abundance of arboreal insects and mangrove 
vegetation pollinators by order at three observation stations 

 
 

Diversity of insect species 

The rarefaction interpolation-extrapolation curves of 

mangrove vegetation pollinators at each station showed a 

rapid increase at the start of sampling and slowly reached 

an asymptote point. The curves at the 3 sampling stations 

overlapped, showing the presence of approximately the same 

species diversity. Based on the rarefaction extrapolation 

curve, the number of species in mangrove vegetation found 

at the 3 observation stations has reached an asymptote 

point (Figure 5). 

The highest average insect species richness and 
diversity in mangrove habitats quantified by the Margalef 

and Shannon indices were recorded at Meras, with values 

of 4.40 and 2.38, respectively. In contrast, the Bahowo 

station exhibited the lowest indices, at 3.37 and 2.19. 

Across all stations, the dominance index was approximately 

0.16, while the species evenness index ranged between 

0.77 and 0.79, indicating an absence of highly dominant 

taxa. Moreover, one-way ANOVA revealed no significant 

differences among stations in terms of dominance (F2,8: 

0.019; P: 0.981), diversity (F2,8: 0.939; P: 0.442), species 

richness (F2,8: 3.467; P: 0.099), or evenness (F2,8: 0.412; 

P: 0.679) (Figure 6). 
ANOSIM based on the Bray-Curtis index showed that 

the composition of mangrove habitat insect species in the 3 

stations did not differ significantly (R: 0.09877; P: 0.223). 

The insignificant differences in species composition were 

also observed in the results of (NMDS), which showed 

overlapping ordination points between the 3 stations 

(Figure 7). 

The highest air temperature was at the Tongkaina, and 

the lowest was at Meras station. Meanwhile, the highest air 

humidity was at the Meras, and the lowest was in Tongkaina. 

The highest wind speed was at the Tongkaina station and 

the lowest was in Bahowo. The results also showed that the 

highest light intensity was at Bahowo and the lowest in 

Meras. Based on the ANOVA results, environmental factors 

such as air humidity (ANOVA: F2,8: 3.851; P: 0.084), air 
temperature (ANOVA: F2,8: 1.401; P: 0.317), light intensity 

(ANOVA: F2,8: 0.824; P: 0.483) and wind speed (ANOVA: 

F2,8: 1.129; P: 0.384) did not differ at the 3 observation 

stations (Figure 8). 

The principal component analysis (PCA) of environmental 

parameters across the three observation stations revealed 

that the Tongkaina station was distinctly associated with 

elevated air temperatures and wind speeds, alongside 

reduced air humidity. In contrast, the Bahowo and Meras 

stations were predominantly characterized by high air 

humidity, lower air temperatures, and marked light intensity 

(Figure 9). 
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Distribution of insects  

The distribution pattern of mangrove vegetation 

pollinators found based on the Morisita index obtained 3 

patterns of species, namely aggregate (clustered), uniform 

(regular), and random. The distribution pattern of species 

commonly found was aggregated in 34 species. Random 

distribution patterns were found in 7 species, while uniform 

distribution was only found in 4 species. Based on the insect 

order, the distribution patterns of the Hymenoptera and 

Coleoptera were included in random patterns, while Diptera 
and Orthoptera showed aggregate patterns. The Anisoptera 

Order had a uniform distribution pattern (Table 2). 

Discussion 

A total of 17 insect families were found at all stations, 

which was different from other studies in the mangrove 

ecosystem. Some studies reported lower numbers; for 

example, Mitra et al. (2016) recorded 15 insect families 

from the mangrove ecosystem in Diu, India. Hasan and 

Nurmiati (2022) recorded 4 families in Polewali Mandar, 

West Sulawesi Province, Indonesia. Semiun et al. (2019) 

reported 11 insect families in the mangrove ecosystem in 
Menipo Nature Tourism Park, East Nusa Tenggara, 

Indonesia. Panda et al. (2019) reported 25 families, and 

Itumo et al. (2024) recorded 23 families in the mangrove 

forest in Bundu-Ama, Niger Delta. Meanwhile, Setyawan 

et al. (2020) found 31 insects in the mangrove forest in 

Trenggalek, East Java, Indonesia. According to Membere 

et al. (2021), the differences in abundance of insect families 

were due to climatic and geographical factors, sampling 

methods, and variation in the spectrum of mangrove species.  

In this study, the abundance of arboreal insects and 

mangrove vegetation pollinators was mostly found in the 
Hymenoptera Order. Hymenoptera, with its diverse species 

from families such as Apidae, Eumenidae, Formicidae, 

Halictidae, Sphecidae, and Vespidae, is abundant in the 

mangrove ecosystem. Hymenoptera is among 4 diverse 

insect orders, consisting of more than 153,000 described 

and approximately 1 million undescribed species. In an 

ecosystem, this order acts as parasitoids, predators, and 

pollinators, playing essential roles in all terrestrial 

ecosystems with great economic value (Bashir et al. 2019). 

Several studies have reported that the dominant pollinating 

insects found are the Hymenoptera order (Choi and Jung 

2015). The majority of mangrove forests experience cross-
pollination, which is primarily facilitated by insects belonging 

to the orders Hymenoptera, Diptera, Lepidoptera, and 

Coleoptera (Mitra et al. 2015; Tomlinson 2016). 

Within the study area, across all habitat types, 

Lepidoptera emerged as the pollinating insect order exhibiting 

the highest species richness. This predominance is attributable 

to its role as an ecologically functional group with superior 

pollination efficiency, enhanced color recognition, and 

inherent color preferences, thereby facilitating extensive 

involvement in the pollination of flowering plants. 

Moreover, the abundance of Lepidoptera was closely 
linked to the availability of floral resources and prevailing 

environmental conditions (Koneri et al. 2024). In addition, 

variations in food type and floral abundance significantly 

influence pollinator population density and diversity, as 

increased food availability is a critical determinant of these 

parameters (Umami et al. 2024). 
 
Table 2. Distribution pattern of arboreal insects and mangrove 
vegetation pollinators 

 

Family/Species 
Morisita 

index 

Distribution 

pattern 

Libellulidae 1.15 Aggregate 
Celebothemis delecollei  1.00 Random 
Neurothemis ramburii  3.00 Aggregate 
Orthetrum pruinosum  1.00 Random 

Cerambycidae 1.00 Random 
Xystrocera festiva  1.00 Random 

Chrysomelidae 1.00 Random 
Adoxia benallae  0.00 Uniform 
Monolepta signata  0.00 Uniform 
Pagria signata  1.20 Aggregate 

Coccinellidae 1.00 Random 
Chilocorus circumdatus  3.00 Aggregate 

Neda norrisi  3.00 Aggregate 
Scarabaeidae 1.20 Aggregate 

Anomala minahassae  1.20 Aggregate 
Syrphidae 1.52 Aggregate 

Eristalinus arvorum  1.52 Aggregate 
Apidae 0.99 Random 

Tetrigona apicalis  1.00 Random 
Thyreus nitidulus  3.00 Aggregate 

Xylocopa confusa  1.13 Aggregate 
Xylocopa latipes  1.71 Aggregate 

Eumenidae 1.15 Aggregate 
Delta pyriforme  3.00 Aggregate 
Polistes dorsalis  1.69 Aggregate 

Formicidae 1.00 Random 
Dolichoderus thoracicus  1.00 Random 
Oecophylla smaragdina  1.00 Random 
Solenopsis geminata  1.27 Aggregate 

Halictidae 3.00 Aggregate 
Ceratina nigrolateralis  3.00 Aggregate 
Nomia strigata 3.00 Aggregate 

Sphecidae 1.40 Aggregate 
Sphex muticus  1.40 Aggregate 

Vespidae 1.03 Random 
Ropalidia stigma  0.90 Uniform 
Vespa tropica  1.14 Aggregate 

Lycaenidae 1.39 Aggregate 
Arhopala acetes  1.50 Aggregate 
Hypolycaena erylus  1.43 Aggregate 
Lampides boeticus  1.29 Aggregate 

Nymphalidae 1.24 Aggregate 
Danaus ismare  1.80 Aggregate 
Euploea eupator  1.29 Aggregate 
Hypolimnas bolina  3.00 Aggregate 

Ideopsis juventa  1.20 Aggregate 
Junonia hedonia  1.46 Aggregate 
Parantica cleona 1.00 Random 
Parthenos sylvia  0.00 Uniform 

Papilionidae 1.08 Aggregate 
Graphium agamemnon  3.00 Aggregate 
Papilio ascalaphus  1.68 Aggregate 
Papilio polytes  3.00 Aggregate 

Troides helena  3.00 Aggregate 
Pieridae 1.39 Aggregate 

Catopsilia pomona 1.43 Aggregate 
Catopsilia scylla  1.31 Aggregate 
Hebomoia glaucippe  1.33 Aggregate 

Acrididae 3.00 Aggregate 
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Stenocatantops splendens  3.00 Aggregate 
Valanga irregularis  3.00 Aggregate 

Valanga nigricornis  3.00 Aggregate 

 
 
Figure 5. Rarefaction curves of individual arboreal insects and mangrove vegetation pollinators at three observation stations (BHW: 
Bahowo; MRS: Meras; TKN: Tongkaina) 
 
 

 
 

 
Figure 6. The community structure of arboreal insects and mangrove vegetation pollinators at three observation stations (BHW: 
Bahowo; MRS: Meras; TKN: Tongkaina) 
 
 

Conversely, the most abundant family identified in the 

study area was Formicidae, a trend likely driven by the 

availability of food sources and conducive environmental 

conditions (Membere et al. 2021). In contrast, other 

investigations have reported Apidae as the predominant 

family in Tanzania (Ojija 2016), while Itumo et al. (2024) 

documented the dominance of the Tabanidae family in 

mangrove forests of Bundu-Ama, Niger Delta. These 

variations underscore that the abundance of insect families 

is modulated by a complex interplay of factors, including 

food resource availability, nesting sites, climatic conditions, 

geographic context, mangrove species composition, and 

leaf litter availability. 

Formicidae and Apidae are the families with the highest 

abundance in all habitat types. The Formicidae species with 

the highest abundance is Oecophylla smaragdina. Formicidae 

at all three stations are influenced by the availability of 

sufficient food, enhancing quick reproduction and 

environmental conditions that are suitable for their habitat. 

According to Offenberg (2015), Oecophylla smaragdina is 
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an insect that is active on plants (arboreal) and has a wide 

habitat range but is more commonly found in monoculture 

systems (high light intensity) than in mixed planting systems 

(low light intensity). In mangrove vegetation, this insect 

can act as a predator by eating larvae, small insects, and 

other organisms. Ants also help maintain the balance of the 

ecosystem as decomposers, pollinators, and dispersers of 

mangrove seeds. The genus Oecophylla is an arboreal 

insect that makes nests among the leaves of mangrove 

vegetation. Ant colonies can have several nests in 1 tree or 
spread across adjacent trees, playing an important part in 

the ecosystem and functioning as predators for other insects 

(Sembiring et al. 2024). Regarding the reports by Gbarakoro 

and Okene (2020), mangrove seeds do not rot easily due to 

the presence of ants. 

Apidae belong to the Hymenoptera order, including 

Tetrigona apicalis. It is the most effective as well as 

generalist group of pollinating insects in the pollination 

process of plants (Siregar et al. 2016). With a shiny black 

body and transparent wing tips, these bees are small and 

often fly a few millimeters. In this study, Apidae pollinated 
several flowers and nested in the cavities of Avicenna 

marina mangrove trees. These bees are effective pollinators, 

facilitating the transfer of pollen essential for reproduction. 

Additionally, Apidae is often found on mangrove flowers 

from the genera Soneratia and Avicenna.  

Hymenoptera insects from the Apidae family are highly 

adaptable to the environment by thriving in humid conditions 

and covered by tree canopies. Stingless bees (Apidae) are 

among the most common and abundant native flower 

pollinators in various tropical terrestrial ecosystems (Hrncir 

et al. 2019).  

 
 

 
 
Figure 7. Non-metric dimensional scaling (NMDS) of the 
composition of arboreal insects and mangrove vegetation pollinators 

at three stations (BHW: Bahowo; MRS: Meras; TKN: Tongkaina) 

 

 

 

  
 

 
Figure 8. Environmental factors at three observation stations of arboreal insects-mangroves vegetation pollinators on the Bunaken 
Coastal (BHW: Bahowo; MRS: Meras; TKN: Tongkaina) 
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Figure 9. PCA ordination of three observation stations in Bunaken Coastal (BHW: Bahowo; MRS: Meras; TKN: Tongkaina) 
 
 

In Meras mangrove vegetation, there was the highest 

species richness and diversity index. The results showed 

more diversity compared to Tongkaina and Bahowo 

dominated by Soneratia and Brugreria, respectively. The 

mangrove vegetation during the study consisted of 

flowering plants such as Soneratia alba and Avicenna 

marina, which several insects pollinated. Environmental 

conditions and the type of mangrove ecosystem could 
cause variation in diversity. Rante et al. (2023) reported 

that the composition of mangrove stands, the quality and 

quantity of food, including the number of suitable host 

plants, and the density influenced the diversity of insect 

species.  

Flowering wild plants at the edge of Meras mangrove 

vegetation is significantly caused by pollinating insects. 

The edge of the mangrove forest is a transition zone 

between open habitats and mangrove vegetation. According 

to Darsono et al. (2020), there is significant variability in 

the 3-dimensional structure, such as tree trunks' width, 

shape, and density. Generally, the edge of the mangrove 
forest is rarely disturbed by humans, providing numerous 

nesting areas for pollinating insects. This is because 

habitats with low human disturbance characteristics, such 

as forests and edges, have higher richness and diversity of 

pollinating insect species compared to intensively managed 

agricultural lands (Sheffield et al. 2013).  

According to Ellis et al. (2017) and Welti et al. (2017), 

the diversity of pollinators associated with mangrove 

vegetation is closely linked to habitat quality. This 

encompasses not only the presence of flowering plants and 

the year-round availability of floral resources as food 
sources, but also the provision of suitable nesting sites. 

Given that pollinating insects typically forage close to their 

nests, a greater diversity and abundance of flowering plants 

is likely to foster a richer pollinator community. Insect 

diversity within a habitat is thus modulated by a suite of 

factors, including environmental conditions, the density of 

flowers (which supply essential pollen and nectar), and the 

structural characteristics of the vegetation. Additionally, 

the inherent attributes of flowers such as color, shape, 

fragrance, and the availability of nectar and pollen play a 

critical role in attracting pollinators, thereby further 

influencing the overall diversity of pollinating insects. 

Human activities significantly influence the presence of 

mangrove vegetation pollinators. The mangrove stations in 

Tongkaina and Bahowo are ship docks to Bunaken Island. 
Ship activities can cause noise, thereby impacting the 

presence of mangrove vegetation pollinators. According to 

Hasan and Nurmiati (2022), noise caused by human 

activities harms the communication process of insects, 

which impacts the low number of individuals. Long-term 

noise can have an impact on decreasing orientation, 

courage, escape ability, short-term memory, and parenting 

behavior of ant with exposure to sounds of 42-200 beats 

per minute (Cammaerts and Cammaerts 2018).  

The average values of air humidity, temperature, wind 

speed, and light intensity exhibited minimal variability 

across the three stations. These environmental parameters 
including rainfall are known to modulate insect flight 

activity. Notably, the Meras mangrove area was characterized 

by comparatively lower temperatures and elevated humidity, 

likely due to the buffering effect of the tree canopy cover. 

Temperature, as a critical environmental variable, 

significantly influences the diversity of pollinating insects, 

which, as poikilothermic organisms, are inherently dependent 

on ambient thermal conditions. Each species requires a 

specific temperature range for optimal survival typically 

between 15°C and 45°C, with an optimum near 25°C while 

foraging activity declines sharply (to below 21%) at 
temperatures under 12°C (Withaningsih et al. 2024). In this 

study, the mean temperatures across the four habitats 

ranged from 28.60°C to 34.70°C, indicating conditions that 

are conducive to sustained foraging activity. Widhiono and 

Sudiana (2015) further elucidate that air temperature 

critically affects the energetic dynamics of pollinators, 

whereby decreases in ambient temperature reduce energy 
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acquisition, thereby increasing the energetic cost per 

pollinated flower. 

Furthermore, air humidity emerges as a pivotal climatic 

factor influencing the diversity of mangrove pollinators. 

Forested habitats, characterized by high humidity levels, 

inherently support the reproductive, developmental, and 

behavioral processes of insects. Xiong et al. (2017) affirm 

that both temperature and humidity are essential in shaping 

local biodiversity, while Koneri et al. (2020) note that 

humidity also indirectly affects insect diversity by influencing 
host plant growth.Wind speed impacts the diversity of 

insect species that pollinate mangroves. The results of wind 

speed measurements at the 3 observation stations were not 

significantly different. According to Widhiono and Sudiana 

(2015), wind speed impacts the foraging activity of 

pollinating insects. Wind speed between 24-34 km/hour 

harms the activity of pollinating insects in foraging. 

Insects in mangrove vegetation indirectly need sunlight, 

but it can be used as a marker for certain activities. Insects 

use sunlight for foraging, molting, reproduction, or events 

related to their life history. Sunlight also impacts the local 
distribution of insects, thereby enhancing activeness based 

on the response to signals received. According to Perks and 

Goodenough (2020), light intensity is an abiotic factor that 

can impact insects' activity. Insects in mangroves will use 

the optimal light intensity for sunbathing and foraging. 

However, when the light intensity is low or excessively 

high, it is used for resting and shelter. High light intensity 

also causes the volume of nectar secretion in flowers to 

decrease. Sunlight will affect air temperature and light 

intensity, which play an important role in pollinating insects' 

flying and foraging activities (Bharti et al. 2015).  
The distribution of arboreal insects and mangrove 

vegetation pollinators generally has a clustered distribution 

pattern (Aggregate). This shows that the individuals 

consisted in the population respond to differences locally 

(in groups). The clustered distribution pattern occurs when 

there is strong competition for nutrients between individuals 

in the population. Diversity (heterogeneity) exists in 

environmental conditions, food availability, mating, defense, 

social behavior, and competition factors. According to 

Meléndez-Jaramillo et al. (2019), the factors causing 

insects to spread in a clustered pattern included biotic and 

abiotic factors, which affected their distribution patterns. 
These factors include temperature, relative humidity, as 

well as the presence and abundance of host plants, creating 

certain microclimatic conditions that attract insect species.  

A clustered (aggregate) distribution pattern is shown by 

mangrove vegetation pollinators with limited dispersal 

capabilities. Other biotic factors include nectar-producing 

plants, whose availability and diversity can attract pollinators 

to a particular area, causing their distribution to become 

clustered. Furthermore, roosting trees suggest that the 

availability of suitable species can contribute to the 

clustering of insect pollinators (Kass et al. 2020). 
Some insect species have random and uniform 

distributions. Random distribution patterns indicate uniformity 

(homogeneity) in environmental conditions. Soil insects 

with random distribution patterns suggest that the 

environmental factors in the habitat are almost the same. 

Random distribution patterns are caused by the negative 

influence of resources among individual population 

members. However, uniform distribution patterns occur 

due to competition between individuals in obtaining limited 

food sources, with even division of habitat space and place 

(Darmi et al. 2023).  

In conclusion, this study showed that the abundance of 

arboreal insects and mangrove vegetation pollinators was 

dominated by the Hymenoptera order, followed by 

Lepidoptera. Based on the relative abundance of species, 
O. smaragdina, T. apicalis, and D. thoracicus were 

ranked 1, 2, and 3, respectively. The average dominance 

index, richness, and diversity of arboreal insects and 

mangrove vegetation pollinators were highest based on 

the dominance, Margalef, and Shannon indices found at 

the mangrove observation station in Meras, followed by 

Tongkaina and Bahowo. The results showed that the 

distribution pattern of pollinating insects found was 

generally aggregate. This suggested that the mangrove area 

on the coast of Bunaken could support the abundance, 

richness, and diversity of arboreal insects and mangrove 
vegetation pollinators at different trophic levels. 
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