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Abstract. Fauziyah S, Susanti SF, Hariyono H, Fazirrah V, Novitasari AE, Fadhilah N, Sucipto TH, Naw SW. 2023. Phytotelmata 

accounts for Aedes breeding places in Mantup Sub-district, Lamongan District, Indonesia. Biodiversitas 24: 4820-4828. Dengue 

infection still remains a public health problem in Indonesia, which is classified as a tropical country. Some environmental factors that 

contribute to the transmission of dengue infection are human migration, human activity, food supply, and climate change. The other type 

of breeding place is natural breeding habitats, called phytotelmata. This study aims to investigate the diversity of Aedes species in 

phytotelmata from Mantup Sub-district, Lamongan, East Java, Indonesia. The analytical observational study was conducted with a 

purposive sampling design. Mosquito larvae collection was carried out from February to March 2023 in Mantup Sub-district, an 

endemic region of dengue infection in Lamongan. Immature mosquitoes were reared in the laboratory till they merged into adult 

mosquitoes. This study found four groups of phytotelmata: leaf axils, bamboo joints, fallen leaves, and coconut shells. Leaf axils were 

the predominant type of phytotelmata (86.67%). Meanwhile, the lowest percentage was coconut shells and fallen leaves (3.33%). A total 

of 56 mosquito larvae consisting of 12 male Aedes aegypti, 21 female Ae. aegypti, 12 male Aedes albopictus, and 11 female Ae. 

albopictus were collected from 30 observation points. Eleven families of phytotelmata were found in this study. The predominant family 

was Araceae (33.3%), while the lowest were Agavaceae, Commelinaceae, Marantaceae, and Liliaceae (3.33%). Phytotelmata accounts 

for mosquito breeding places, which should be noticed and considered in dengue vector control programs.  
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INTRODUCTION  

Dengue infection still remains a public health problem 

in Indonesia, which is classified as a tropical country. 

Dengue infection is caused by the dengue virus, which 

spreads through mosquito bytes of Aedes species, namely 

Aedes aegypti and Aedes albopictus (World Health 

Organization 2020). Since it has evolved to coexist closely 

with human habitations, Ae. aegypti's geographic range is 

limited by environmental factors, particularly temperature, 

which is above 22°C and below 32°C based on the lifespan 

and viability of the egg, larva, pupa, and fecundity phases 

of adults (Kraemer et al. 2015; do Nascimento et al. 2022). 

Female mosquitoes rest indoors, blood-feed primarily on 

human hosts, and lay their eggs predominantly in artificial 

containers found in peridomestic settings (David et al. 

2021). In addition to tires, flower vases, plastic pots, drains, 

buckets, and water tanks, a variety of container types with a 

wide range of sizes, shapes, and materials will commonly 

be the breeding sites of Ae. aegypti (Gavini et al. 2018; 

Flaibani et al. 2020). Many socioeconomic and behavioral 

factors have an impact on how frequently Ae. aegypti 

colonizes different types of containers. The distribution, 

relative abundance, and survival of mosquito species are 

significantly impacted by human ecology, behavior, and 

habits (Schrama et al. 2020). Any place that could store 

water for a long time, in any amount, was considered a 

"potential mosquito breeding site”. Then, the literature 

defined the criteria of mosquito breeding sites such as the 

bromeliad plant, tree holes, and building supplies (Yang et 

al. 2020).  

Urbanization can increase the number of potential 

breeding habitats for Aedes due to the increasing number of 

used tires, which can hold the amount of water suitable for 

Aedes larvae to survive (Mukhtar et al. 2018). Some 

environmental factors that contribute to the transmission of 

dengue infection are human migration, human activity, 

food supply, and climate change (Mudin 2015). Another 

study in the dengue endemic area in North Sumatra, 

Indonesia, shows that the artificial breeding places, namely 

bathtubs, were the predominant larval habitat for Aedes 

(Siregar et al. 2017). Aedes survey in Malaysia shows 

positive breeding tanks in indoor and outdoor areas. The 

material type of positive rearing tanks found varies and can 

be classified into 6 categories, namely ceramics, cement, 

glass, plastics, rubber, and metals (Athaillah et al. 2020). 

Other reports confirmed the positive correlation between 

some variables (the depth and width of the containers) and 

the number of mosquito larvae (Ruairuen et al. 2022). 

Temperature and pH of the water in Aedes breeding places 
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can influence the abundance of Aedes larvae. Aedes can 

live in water temperatures with a pH between 7.5 and 8.5, 

with temperatures ranging between 25.3 and 39.8oC. Both 

Ae. aegypti and Ae. albopictus tend to lay their eggs in 

water with low turbidity (Dalpadado et al. 2022).  

The other type of Aedes breeding places are natural 

breeding habitats called phytotelmata. Phytotelmata are 

aquatic habitats created naturally when water is retained by 

whole or partial terrestrial plants, whether alive or dead 

(Marteis et al. 2017). Microorganisms, macroinvertebrates, 

which comprise most of the animal biomass, and tiny 

vertebrates can all live in phytotelmata, creating a highly 

discontinuous aquatic meta-habitat. Consequently, 

phytotelmata are pertinent natural microecosystems that 

can be comprehensively sampled and provide objective 

records of community-level diversity for investigating 

various topics. They also indicate environmental influences 

on community assembly (Dejean et al. 2018). Some reports 

have already been published about the phytotelmata 

distribution in Indonesia, which consists of bromeliads, 

coconut shells, tree holes, etc. (Fauziyah and Pranoto 

2020). In Sidoarjo, Musa paradisiaca or banana plant, was 

also confirmed as the natural breeding place of Aedes 

larvae, which mainly consisted of Ae. albopictus (Wahidah 

and Rosmanida 2021). According to the author's criteria, 

the vast majority of known phytotelmata can be divided 

into five to seven major classes, with tree holes, bamboo 

internodes, leaf axils, flower parts, fruit peels, trunks, and 

modified leaves being the most prevalent types (Ramos and 

do Nascimento Moura 2019). Dengue infection is one of 

the endemic diseases in Lamongan. The latest record of 

dengue cases in Lamongan in 2022 was 129 cases. Based 

on the problems mentioned above, this study aims to 

investigate the distribution of Aedes in phytotelmata from 

the Mantup Sub-district, Lamongan District, East Java 

Province. 

MATERIALS AND METHODS  

Study area 

This study was conducted in Mantup Sub-district, 

Lamongan District, East Java Province, Indonesia (Figure 

1). Lamongan District has an area of ±1,752.21 km2 or the 

equivalent of 175,221 ha or ± 3.67% of the total area of 

East Java Province. Mantup has a long coastline of 47 km 

and is crossed by the Bengawan Solo River for ± 68 km. 

Lamongan District consists of 27 districts with 462 

villages. Astronomically, Lamongan District is located at 

coordinates 6º51'54''-7º23'6'' S and 112º4'41''-112º33'12'' E 

(Bappeda Lamongan 2022). 

Study design 

An analytical observational study with a cross-sectional 

design was conducted during the rainy season (January 

2023) in an area that represented a high dengue risk in 

Mantup Sub-district, Lamongan. Purposive sampling was 

conducted in 30 sampling points distributed alongside the 

Mantup Sub-district. The surveyor was driven alongside 

the Mantup Sub-district. The determination of 30 sampling 

points was carried out purposively—the selection aimed at 

a point whose environmental condition potential was a 

breeding site for Aedes mosquitoes.  

 

 

 

 
 

Figure 1. Satellite image of Mantup Sub-district, Lamongan District, East Java Province, Indonesia 
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Figure 2. Schematic picture of study design  

 

 

Procedures 

All water held in every phytotelma was pipetted by a 

plastic pipette of 3 mL. Then, the mosquito larvae included 

in the water were reared in laboratory conditions until they 

emerged as adult mosquitoes, following the previous 

guidelines (FAO/IAEA, 2020). All of the larvae were 

placed in the tray with a size of 30 cm x 20 cm. Each tray 

was filled with water depth ranging from 1.2 to 1.5 cm. 

Mosquito larvae were reared in laboratory conditions at 

28±1ºC temperature, 70-80% relative humidity with a 

10h:14h light: dark photoperiod. Larvae were fed daily 

with nutritional fish food. Every day, the larvae were 

checked for the possibility of pupation. After developing 

into pupae, the pupae were moved inside the cage for 

preparation before emerging into adult mosquitoes. The 

size of the mosquito cage was 40 cm x 25 cm x 15 cm 

covered with transparent cloth. Adult mosquitoes were fed 

with a sugar solution of 10%. Based on the previous 

guidelines, mosquito identification was made through 

morphological observation (European Centre for Disease 

Prevention and Control 2021). All mosquitoes were 

separated into male and female through the morphological 

observation of their antennae. After the identification 

process, the adult mosquitoes were stored in cold storage at 

-80oC for further virological examination. Bromeliads were 

identified by comparing their morphology with Benzing’s 

book (Benzing 2000). Figure 2 shows the flow chat 

diagram of the research procedure. 

Data analysis 

Data were interpreted in the Frequency Table. The 

distribution and diversity of Aedes species were measured 

by the Shannon diversity index (H'), frequency, relative 

abundance, and species dominance (Odum 1971) 

Diversity index (Shannon-Weiner):  

 

H ' = ∑-Pi Ln Pi. where Pi= ni/N 

 

Where:  

ni : the number of individuals per larval species 

N : total number of larvae 

H' : Shanon-Weiner diversity index 

Pi : abundance index 

Relative abundance 

 The relative abundance is the ratio of the number of 

individual species of mosquito larvae to the total species of 

larvae collected and expressed as a percent. Relative 

abundance can be calculated as:  

The number of individual mosquito larvae of certain 

species/total species of mosquito larvae collected x 100% 

Frequency of species 

The frequency of caught mosquito larvae is calculated 

based on the comparison between the number of collections 

obtained by certain mosquito larvae and the total collection 

of mosquito larvae.  

Frequency = the number of collections obtained by 

certain species of mosquito larvae/total mosquito larvae 

collection. 

The number of species dominance is calculated based 

on the multiplication results between relative abundance 

and the frequency of caught by the species at one time of 

capture.  

Species dominance relative abundance x frequencies 

captured (Odum 1971). 

RESULTS AND DISCUSSION 

Entomological surveys were carried out, and Figure 3 

shows the distribution of the phytotelmata that was 

interpreted using the Geographical Information System. 

This figure also shows the composition of Aedes in 

phytotelmata found alongside the Mantup Sub-district. 

There were two species of Aedes, namely Ae. aegypti and 

Ae. albopictus. The detail of phytotelmata deciphers is in 

Table 1.  

Table 1 interprets the classification of phytotelmata 

according to its family. Araceae is the predominant 

phytotelmata family found in this study (33.3%). 

Meanwhile, the lowest families were Agavaceae, 

Commelinaceae, Marantaceae, and Liliaceae (3.33%). 

Figure 4 shows the distribution of phytotelmata based 

on the classification of Kitching’s guidelines (1971), which 

shows that leaf axils were the predominant type of 

phytotelmata (86.67%). Meanwhile, coconut shells (Cocos 

nucifera) and fallen leaves (3.33%) were the lowest 

percentages.  

In every phytotelma, we found many mosquito larvae, 

which can be classified into two species: Ae. aegypti and 

Ae. albopictus. Of these, female Ae. aegypti was the 

predominant species found (37.5%) (Figure 5).  

Table 2 shows the distribution of Aedes in every type of 

phytotelmata, female Ae. aegypti was the predominant 

species that was found, with a total of 18 larvae (32.14%), 

which were found in leaf axils. 
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Figure 3. The distribution of Aedes larvae was found in phytotelmata in Mantup Sub-district, Lamongan, East Java Province, Indonesia. 

The red numbers indicate the number of female Aedes albopictus, black numbers indicate male Aedes albopictus, green numbers 

indicate the number of female Aedes aegypti, and blue numbers indicate the number of male Aedes aegypti 

 

 

 
 

Figure 4. The distribution of phytotelmata type based on 

classification guidelines (Kitching 1971) 

 

 

 

 
 

Figure 5. The distribution of Aedes species in phytotelmata 

 

 

 

Table 1. The distribution of the phytotelmata family, which was 

founded alongside Mantub Sub-district, Lamongan, East Java 

Province, Indonesia 

 

Family N 
Percentage 

(%) 
Species 

Araceae 10 33.3 Aglaonema commutatum 

Alocasia cucullata 

Colocasia esculenta 

Dieffenbachia sequine 

Homalomena rubescens 

Philodendron cipoense 

Philodendron crassinervium 

Philodendron crassinervium 

Xanthosoma sagittifolium 

Musaceae 2 6.67 Musa paradisiaca 

Arecaceae 2 6.67 Cocos nucifera 

Dypsis lutescens 

Agavaceae 1 3.33 Sansevieria trifasciata laurentii 

Bromeliaceae 2 6.67 Alcantarea imperialis 

Neoregelia carolinae 

Pandanaceae 3 10 Pandanus amaryllifolius 

Pandanus tectorius 

Asparagaceae 5 16.67 Agave americana  

Cordyline fruticosa 

Poaceae 2 6.67 Bambusa sp. 

Gigantolochloa apus 

Commelinaceae 1 3.33 Tradescantia spathacea 

Marantaceae 1 3.33 Calathea lutea 

Liliaceae 1 3.33 Scadoxus multiflorus 

 30 100  

 

 

Table 2. The number of Aedes in every phytotelmata type 
 

Type of phytotelmata 
Male 

Ae.aegypti 

Female 

Ae.aegypti 

Male 

Ae.albopictus 

Female 

Ae.albopictus 
Total 

Leaf axils 11 (19.64) 18 (32.14) 10 (17.85) 10 (17.85) 49 

Coconut shells 1 (1.78) 0 (0) 0 (0) 0 (0) 1 

Bamboo joints 0 (0) 1 (1.78) 2 (3.57) 1 (1.78) 4 

Fallen leaf 0 (0) 2 (3.57) 0 (0) 0 (0) 2 

Total 12 21 12 11 56 
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Discussion 

We recorded 56 Aedes larval in various phytotelmata 

alongside Mantub District, Lamongan. They consist of 33 

Ae. aegypti and 23 Ae. albopictus. As revealed by another 

study, the predominant phytotelmata was leaf axil type 

(Fauziyah and Pranoto 2020). Our previous study indicated 

that the Bromeliaceae family is the most phytotelmata in 

the dengue-endemic area, followed by Arecaeae and 

Arecaceae (Fauziyah and Pranoto 2020). Both Ae. aegypti 

and Ae. albopictus are the dengue vector in Indonesia. Ae. 

aegypti is the primary vector, while Ae. albopictus is the 

secondary vector. Due to their quick geographical 

expansion and rising disease burden, dengue is raising 

more and more worries about global public health 

(Kraemer et al. 2015). The occurrence of mosquito larvae 

in breeding sites was affected by some factors, including 

the water's salinity, DO, temperature, pH, and turbidity. 

They had a substantial impact on the Aedes breeding sites 

and mosquito density (Mbanzulu et al. 2022). These water 

parameters have an impact on some fundamental mosquito 

traits, including survival, body size, and biting behavior. 

These traits are connected to mosquito vectorial ability, 

which determines the scope and severity of disease 

transmission. In fact, a lack of food during the stage of 

immature mosquito development results in the birth of little 

mosquitoes with smaller adults and shorter lifespans 

(Gutiérrez et al. 2020).  

This study did not find Culex larvae in all the 

phytotelmata. Here are some possible reasons why Culex 

larvae are not found in phytotelmata because the place 

where they develop is unsuitable. Usually, water saved in 

phytotelmata comes from rainwater (Almeida et al. 2020). 

The cleanliness of rainwater can vary depending on the 

location where it falls (Khayan et al. 2019). When 

compared to clean water, Culex larvae are found more in 

oily/rusty water (Nanjul et al. 2018). Actually, it was 

discovered that the Culex was the most prevalent and 

plentiful mosquito in some places like Sri Lanka, Saudi 

Arabia, Cameroon, and Indonesia (Chathuranga et al. 2018; 

Nchoutpouen et al. 2019; Wibawaning 2019; Mohammed 

et al. 2021). 

Various phytotelmata, which are representative of leaf 

axils, coconut shells, bamboo joints, and fallen leaves, were 

found in this study (Figures 6-9). However, our study also 

supported a previous study, which confirmed that bamboo 

joints are the potential phytotelmata that can act as 

mosquito breeding places, including Ae. aegypti and Ae. 

albopictus. The unique structure of bamboo joints and its 

capability to hold water could attract mosquitoes to lay 

their eggs. Some mosquito species are associated with 

bamboo, and bamboo breeding sites have been shown to 

maintain the diversity of mosquitoes (Müller et al. 2022).  

The volume of water in the breeding sites can also 

affect the persistence and abundance of mosquito species 

(Chaves et al. 2019). Fallen leaves can also be the breeding 

sites for mosquitoes due to the reasonably murky water and 

high organic content of the fallen leaves and other debris in 

breeding areas, which may serve as suitable artificial 

breeding habitats for Aedes mosquitoes (Dom et al. 2013). 

Coconut shells can provide a breeding site for Aedes 

mosquitoes, especially when rainwater is added, as the 

resources are primarily autochthonous with nutrients 

leaching from the endodermis (Banerjee et al. 2013). 

Empty coconut shells were identified as natural breeding 

sites favorable to Ae. aegypti, possibly due to their rich 

nutrient content, low illumination, and small orifice 

(Chatterjee et al. 2015). In another study, coconut shells 

were found to be a risk factor for the occurrence and 

abundance of Ae. aegypti mosquitoes (Kampango et al. 

2021).  

In Figures 6 and 7, it can be shown that many 

bromeliads account for mosquito breeding places due to the 

size of leaf axils, which can hold much water from rainfall 

or watering. An observation study in Bogor, Indonesia, also 

showed bromeliads as the predominant phytotelmata with a 

percentage of 74.4%. Interestingly, the mosquito species 

composition was different from this study, which consisted 

of Armigeres subalbatus, Ae. aegypti, Ae. albopictus, Aedes 

spp., and Cx. quinquefasciatus (Ikhsan et al. 2020). 

Bromeliads are a member of the 50-genus family 

Bromeliaceae, with more than 2,500 species (Ikhsan et al. 

2020). However, only two species of Bromeliads are found 

in Mantup. The amount of water in bromeliads is correlated 

with the number of larvae (Cardoso et al. 2015). The 

location of the plant, its size, or its species can all have an 

impact on how many bromeliads contain water. In a 

contained environment, bromeliads have relatively little 

water. Because they are tiny and contain very little water, 

bromeliads may dry in open, shady, or enclosed spaces. 

The mosquitos’ larval growth and survival were also 

affected by dissolved substances that come from rainwater 

or metabolites within the containers (Ikhsan et al. 2020)  

The types of mosquitoes present in a bromeliad might 

vary depending on its location, species, and size. A study 

investigating the oviposition preferences of gravid Ae. 

aegypti found that they tended to deposit eggs in the leaf 

axils of Neoregelia more than in the central bowl or tank 

(Brown 2021). Our study indicates that different mosquito 

species can live together in one of the phytotelmata. 

Urbanization may alter the ecology of Aedes mosquitoes by 

altering species dynamics and composition, as well as 

increasing the number of breeding sites owing to 

environmental changes, which might lead to arbovirus 

epidemics (Li et al. 2014). Previous research discovered 

that additional food sources significantly impacted the 

developmental time and survival rate of immature 

mosquitoes when compared to the control group. Those 

suggest that the availability of nutrients in various habitat 

types may have a different impact on larval development 

depending on location. The impacts, however, were more 

noticeable in urban regions compared to suburban and rural 

areas, suggesting that other factors, including water 

temperature, may be more significant than food supply in 

urban areas. These findings showed that urbanized regions 

are better for larval development and survival; in other 

words, Aedes larvae are more suited to urban environments 

(Li et al. 2014).  
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Figure 6. The representative of phytotelmata which was classified as: leaf axils: A. Sansevieria trifasciata laurentii; B. Alcantarea 

imperialis; C. Neoregelia carolinae; D. Agave americana 

 

 

   
 

Figure 7. The representative of phytotelmata which was classified as: A. Fallen leaf: Philodendron crassinervium, B. Coconut shells: 

Cocos nucifera, C. Bamboo clumps: Bambusa sp. 

 

 

 

The number of habitat surface areas, water depth, the 

occurrence of the canopy, the turbidity of the water, and the 

kind of substrate were all significant factors that influenced 

the occurrence of mosquito larvae. Mosquitos have a 

preference for oviposition in urban areas (Delatte et al. 

2013), outdoor containers (Kroth et al. 2019), clear water 

(Gopalakrishnan et al. 2013), water with vegetation (Kroth 

et al. 2019), and more significant surface areas (Reiskind 

and Zarrabi 2012; Gopalakrishnan et al. 2013). The 

elaboration of phytotelmata as Aedes breeding places is still 

limited. Most of the studies focused on artificial breeding 

places. An observational study in Riau inspected as many 

as 401 houses shows 138 containers positive for mosquito 

larvae. Most of the containers were unclosed and located 

inside the house. Of these, some physiochemical factors 

were significantly correlated with the positivity of 

mosquito larvae, including water pH, location, type, 

container closure, and water temperature (p<0.05) (Daswito 

and Samosir 2021). Other inspection of mosquito larvae in 

Curug Village, Tangerang, also shows the disposable 

containers were predominated by Ae. albopictus larvae 

(Yuliani et al. 2021). Disposable containers include used 

bottles, cans, tires, ponds, buckets, and drums (Yuliani et 

al. 2021). In this study, we did not observe the occurrence 

of aquatic carnivores in water, which is possible as the 

predators of mosquito larvae. Other reports show that 

Utricularia macrorhiza has the capability as the Aedes 

larvae predator and can reduce up to 100% of mosquito 

larvae under laboratory conditions (Couret et al. 2020). 

Another protist with the capability as the predator of 

mosquito larvae is Chilodonella sp. However, the study 

about its capability only proved to decrease Culex larvae, 

not Aedes larvae. Further research to elaborate on its 

potential should be conducted (Wijesinghe and 

Amarasinghe 2023).  

Food supply was also playing an important role in the 

survival of mosquito larvae, as stated by the previous 

study. Some flora can be used as a food source for 

mosquito larvae, such as grasses, spirogyra, and algae 

(Hafeez et al. 2022). Competition between two species, Ae. 

aegypti and Ae. albopictus can also occur when both 

species are placed in the same habitat. A laboratory study 

explored the larval development time of Aedes species, 

especially Ae. albopictus. Those species have larval 

developmental times shorter than Ae cretinus (Giatropoulos 

et al. 2022). An observation in semi-field conditions 

revealed that Toxorhynchites splendens was a potential 

predator for Ae. albopictus larvae, when it was provided 

together with Tubifex, Toxorhynchites tended to consume 

Aedes larval as its food source (Malla et al. 2023). The 

increase in container size was correlated with the larval 

developmental time (Qureshi et al. 2023). 

A B C D 

A B C 
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Table 3. Species diversity index, relative abundance, and 

frequency  

 

Species larvae Total H’ RA(%) Frequency 

Ae. aegypti 33 0.58 58.92 73.33 

Ae. albopictus 23 0.41 41.07 60 

Note: H’: Diversity index (Shannon-Weiner), RA: Relative 

Abundance 

 

 

 

Aedes aegypti is the dominant species found in 

phytotelmata, followed by Ae. albopictus. However, the 

Shanon-Wiener index is classified as low (H’: 0.58<1), and 

the relative abundance is 58.92% (Table 3). Biological 

control could be introduced to the community to prevent 

dengue transmission. Some biological control that rapidly 

progressed are using plant extract as the larval insecticide. 

Carbon-based nanoparticles show positive effects on Aedes 

larvae, which can accumulate in its gut and respiratory 

system and may lead to disturbing the larval movement 

system (Rodríguez et al. 2022). The other natural 

bioinsecticides that can trigger myelinization in mosquito 

larvae is fatty acid methyl esters (FAME) (Neto et al. 

2023). One of the genetic modifications introduced to 

eliminate dengue in Indonesia is the use of Wolbachia, 

which had been applied in Yogyakarta. However, some risk 

assessments still need to be evaluated, and the current study 

showed that the release of Wolbachia in Yogyakarta led to 

negligible risk (Buchori et al. 2022). 

The occurrence of phytotelmata in Mantup Sub-district 

Lamongan should be considered. Additionally, community 

awareness and education may be critical in preventing the 

proliferation of Aedes mosquitoes in the Mantup Sub-

district. Residents should be urged to frequently check their 

gardens and surrounding areas for potential breeding places 

and take action to eliminate them. Using larvicides or 

mosquito traps is another efficient mosquito control 

measure that local authorities might assist residents in 

implementing. 

It can be concluded that various phytotelmata found 

alongside Mantup Sub-district account for mosquito 

breeding places, specifically Aedes sp. Eleven families of 

phytotelmata were found in this study. The predominant 

family was Araceae (33.3%), while the lowest were 

Agavaceae, Commelinaceae, Marantaceae, and Liliaceae 

(3.33%). Phytotelmata accounts for mosquito breeding 

places, which should be noticed and considered in dengue 

vector control programs.  

ACKNOWLEDGEMENTS 

The authors would like to thank Direktorat Akademik 

Pendidikan Tinggi Vokasi (DAPTV) and Direktorat 

Jenderal Pendidikan Tinggi Vokasi (DIKSI), Indonesian 

Ministry of Education, Culture, Research and Technology 

for the funding of this research (Contract no. 

199/SPK/D.D4/PPK.01.APTV/VI/202). We also thank 

Akademi Analis Kesehatan Delima Husada, Gresik, 

Indonesia students who helped collect the mosquitoes. 

REFERENCES 

Almeida AM, Filho JEA, Souza RM. 2020. In bromeliad phytotelma, 

anthropic disturbance does not affect the nematode trophic structure. J 

Nematol 52 (1): 1-10. DOI: 10.21307/jofnem-2020-101. 
Athaillah F, Hashim NA, Hambal M, Vanda H, Fahrimal Y, Sari WE, 

Bakri M, Eliawardani E, Liandi LV. 2020. Material types of breeding 

container of dengue vectors in Kuta Alam Sub-District Banda Aceh 
City. E3S Web Conf 151: 1-5. DOI: 10.1051/e3sconf/202015101059. 

Banerjee S, Aditya G, Saha GK. 2013. Household disposables as breeding 

habitats of dengue vectors: Linking wastes and public health. Waste 
Manag Res 33 (1): 233-239. DOI: 10.1016/j.wasman.2012.09.013. 

Benzing DH. 2000. Biology of the Bromeliads First Edition. Mad River 
Press, USA. 

Brown PT. 2021. Aedes Aegypti oviposition differences among 

ornamental bromeliads with variable water levels. JFMCA 66 (1): 1-
6. DOI: 10.32473/jfmca.v66i1.127613. 

Buchori D, Mawan A, Nurhayati I, Aryati A, Kusnanto H, Hadi UK. 

2022. Risk assessment on the release of Wolbachia-infected Aedes 
aegypti in Yogyakarta, Indonesia. Insects 13 (10). DOI: 

10.3390/insects13100924. 

Cardoso CAA, Lourenço-De-Oliveira R, Codeço CT, Motta MA. 2015. 
Mosquitoes in bromeliads at ground level of the Brazilian Atlantic 

Forest: The relationship between mosquito fauna, water volume, and 

plant type. Ann Entomol Soc Am 108 (4): 449-458. DOI: 
10.1093/aesa/sav040. 

Chathuranga WGD, Karunaratne SHPP, Fernando BR, De Silva WAPP. 

2018. Diversity, distribution, abundance, and feeding pattern of 
tropical ornithophilic mosquitoes. J Vector Ecol 43 (1): 158-167. 

DOI: 10.1111/jvec.12295. 

Chatterjee S, Chakraborty A, Sinha SK. 2015. Spatial distribution and 
physicochemical characterization of the breeding habitats of Aedes 

aegypti in and around Kolkata, West Bengal, India. Indian J Med Res 

142 (Suppl 1): 79-86. DOI: 10.4103/0971-5916.176631. 
Chaves LF, Friberg MD, Jian JY, Moji K. 2019. Landscape and 

environmental factors influencing stage persistence and abundance of 

the bamboo mosquito, Tripteroides bambusa (Diptera: Culicidae), 
across an altitudinal gradient. Insects 10 (2): 1-17. DOI: 

10.3390/insects10020041. 

Couret J, Notarangelo M, Veera S, Leclaire-Conway N, Ginsberg HS, 
Lebrun RL. 2020. Biological control of Aedes mosquito larvae with 

carnivorous aquatic plant, Utricularia macrorhiza. Parasites Vectors 

13 (1): 1-11. DOI: 10.1186/s13071-020-04084-4. 
Dalpadado R, Amarasinghe D, Gunathilaka N. 2022. Water quality 

characteristics of breeding habitats in relation to the density of Aedes 

aegypti and Aedes albopictus in domestic settings in Gampaha district 
of Sri Lanka. Acta Trop 229. DOI: 

10.1016/j.actatropica.2022.106339. 

Daswito R, Samosir K. 2021. Physical environments of water containers 
and Aedes sp. larvae in dengue endemic areas of Tanjungpinang 

Timur District. Berita Kedokteran Masyarakat 37 (1): 13. DOI: 

10.22146/bkm.57738. [Indonesian] 
David MR, Dantas ES, Maciel-de-Freitas R, Codeço CT, Prast AE, 

Lourenço-de-Oliveira R. 2021. Influence of larval habitat 

environmental characteristics on Culicidae immature abundance and 
body size of adult Aedes aegypti. Front Ecol Evol 9: 1-12. DOI: 

10.3389/fevo.2021.6267. 

Dejean A, Petitclerc F, Azémar F, Pélozuelo L, Talaga S, Leponce M, 
Compin A. 2018. Aquatic life in Neotropical rainforest canopies: 

Techniques using artificial phytotelmata to study the invertebrate 

communities inhabiting therein. CR Biol 341 (1): 20-27. DOI: 
10.1016/j.crvi.2017.10.003. 

Delatte H, Toty C, Boyer S, Bouetard A, Bastien F, Fontenille D. 2013. 

Evidence of habitat structuring Aedes albopictus populations in 
Réunion Island. PLoS Neglected Trop Dis 7 (3). DOI: 

10.1371/journal.pntd.0002111. 
do Nascimento JF, Palioto-Pescim GF, Pescim RR, Suganuma MS, Zequi 

JAC, Golias HC. 2022. Influence of abiotic factors on the oviposition 

of Aedes (Stegomyia) aegypti (Diptera: Culicidae) in Northern Paraná, 
Brazil. Intl J Trop Insect Sci 42 (3): 2215-2220. DOI: 

10.1007/s42690-022-00742-5. 

Dom NC, Ahmad AH, Ismail R. 2013. Habitat characterization of Aedes 

sp. breeding in urban hotspot area. Procedia Soc Behav Sci 85: 100-

109. DOI: 10.1016/j.sbspro.2013.08.342. 



HARIYONO et al. – Diversity of Aedes breeding places 

 

4827 

European Centre for Disease Prevention and Control. 2021. Reverse 

identification key for mosquito species. European Centre for Disease 

Prevention and Control. https://www.ecdc.europa.eu/en/publications-
data/reverse-identification-key-mosquito-species. 

FAO/IAEA. 2020. Guidelines for Mass-rearing of Aedes Mosquitoes. 

https://www.iaea.org/sites/default/files/guidelines-for-mass-
rearingofaedes-osquitoes_v1.0.pdf. 

Fauziyah S, Pranoto A. 2020. Physicochemical characters of mosquitoes 

natural breeding bhbitats: First record in high dengue hemorrhagic 
fever cases area, East Java , Indonesia. J Trop Biodivers Biotechnol 

05 (02): 100-107. DOI: 10.22146/jtbb.53714. 

Flaibani N, Pérez AA, Barbero IM, Burroni NE. 2020. Different 
approaches to characterize artificial breeding sites of Aedes aegypti 

using generalized linear mixed models. Infect Dis Poverty 9 (1): 97-

107. DOI: 10.1186/s40249-020-00705-3. 
Gavini G, dos Santos M, Caldeira CL, Machado ME, de L, Freire LG, 

Iglecias EF, Peters OA, Candeiro GT, de M. 2018. Nickel-titanium 

instruments in endodontics: A concise review of the state of the art. 
Braz Oral Res 32: 44-65. DOI: 10.1590/1807-3107bor-

2018.vol32.0067. 

Giatropoulos A, Papachristos D, Michaelakis A, Kapranas A, Emmanouel 
N. 2022. Laboratory study on larval competition between two related 

mosquito species: Aedes (Stegomyia) albopictus and Aedes 

(Stegomyia) cretinus. Acta Trop 230. DOI: 
10.1016/j.actatropica.2022.106389. 

Gopalakrishnan R, Das M, Baruah I, Veer V, Dutta P. 2013. 

Physicochemical characteristics of habitats in relation to the density 
of container-breeding mosquitoes in Asom, India. J Vector Borne Dis 

50 (3): 215-219. DOI: 10.5958/0974-4576.2022.00146.3. 

Gutiérrez EHJ, Walker KR, Ernst KC, Riehle MA, Davidowitz G. 2020. 
Size as a proxy for survival in Aedes aegypti (Diptera: Culicidae) 

mosquitoes. J Med Entomol 57 (4): 1228-1238. DOI: 

10.1093/jme/tjaa055. 
Hafeez F, Naeem-Ullah U, Akram W, Arshad M, Iftikhar A, Naeem A, 

Saleem MJ. 2022. Habitat characterization of Aedes albopictus. Intl J 

Trop Insect Sci 42 (2): 1555-1560. DOI: 10.1007/s42690-021-00676-4. 

Ikhsan M, Hadi UK, Soviana S. 2020. Diversity and distribution 

bromeliads plants as breeding habitat for mosquito larvae (Diptera: 
Culicidae) in Bogor, Indonesia. Biodiversitas 21 (8): 3494-3498. 

DOI: 10.13057/biodiv/d210810. 

Kampango A, Furu P, Sarath DL, Haji KA, Konradsen F, Schiøler KL, 
Alifrangis M, Saleh F, Weldon CW. 2021. Risk factors for occurrence 

and abundance of Aedes aegypti and Aedes bromeliae at hotel 

compounds in Zanzibar. Parasites Vectors 14 (1): 1-12. DOI: 
10.1186/s13071-021-05005-9. 

Khayan, Husodo AH, Astuti I, Sudarmadji S, Djohan TS. 2019. Rainwater 

as a source of drinking water: health impacts and rainwater 
treatment. J Environ Publ Health 2019: 1-10. DOI: 

10.1155/2019/1760950. 

Kitching RL. 1971. An ecological study of water-filled tree-holes and 
their position in the woodland ecosystem. J Anim Ecol 40 (2): 281. 

DOI: 10.2307/3247. 

Kraemer MUG, Sinka ME, Duda KA, Mylne AQN, Shearer FM, Barker 
CM, Moore CG, Carvalho RG, Coelho GE, Van Bortel W, Hendrickx 

G, Schaffner F, Elyazar IR, Teng HJ, Brady OJ, Messina JP, Pigott 

DM, Scott TW, Smith DL, Wint GRW, Golding N, Hay SI. 2015. The 
global distribution of the arbovirus vectors Aedes aegypti and Ae. 

Albopictus. Elife 4: 1-18. DOI: 10.7554/eLife.08347. 

Kroth N, Cozzer GD, De Carvalho G, Cassol AS, Breaux J, Lutinski JA, 
Busato MA, Roman Junior WA, Dos Santos JJ, Albeny-SimÃes D. 

2019. Oviposition preferences of the mosquito Aedes aegypti 

Linnaeus, 1762 (Culicidae): An urban environment bioassay. Bull 
Entomol Res 109 (6): 762-770. DOI: 10.1017/S000748531900021X. 

Lamongan B. 2022. Profil Kabupaten Lamongan. Bappeda Lamongan. 

https://jatim.bpk.go.id/kabupaten-lamongan/. [Indonesian] 
Li Y, Kamara F, Zhou G, Puthiyakunnon S, Li C, Liu Y, Zhou Y, Yao L, 

Yan G, Chen XG. 2014. Urbanization increases Aedes albopictus 

larval habitats and accelerates mosquito development and 
survivorship. PLoS Neglected Trop Dis 8 (11). DOI: 

10.1371/journal.pntd.0003301. 

Malla RK, Mandal KK, Burman S, Das S, Ghosh A, Chandra G. 2023. 
Numerical analysis of predatory potentiality of Toxorhynchites 

splendens against larval Aedes albopictus in laboratory and semi-field 

conditions. Sci Rep 13 (1): 7403. DOI: 10.1038/s41598-023-34651-5. 
Marteis LS, Natal D, Sallum MAM, Medeiros-Sousa AR, Corte RL. 2017. 

Mosquitoes of the Caatinga: 2. Species from periodic sampling of 

bromeliads and tree holes in a dry Brazilian forest. Acta Trop 171: 

114-123. DOI: 10.1016/j.actatropica.2017.03.031. 

Mbanzulu KM, Mboera LEG, Wumba R, Engbu D, Bojabwa MM, Zanga 
J, Mitashi PM, Misinzo G, Kimera SI. 2022. Physicochemical 

characteristics of Aedes mosquito breeding habitats in suburban and 

urban areas of Kinshasa, Democratic Republic of the Congo. Front 
Trop Dis 2: 1-9. DOI: 10.3389/fitd.2021.789273. 

Meteorological Climatological and Geological Agency. 2023. Weather 

Forecast Kecamatan Mantup. Meteorological, Climatological, And 
Geophysical Agency. https://www.bmkg.go.id/cuaca/prakiraan-

cuaca.bmkg?AreaID=5008390&Prov=12&lang=EN. [Indonesian] 

Mohammed BR, Yayo AM, Ajanusi OJ, Lawal IA. 2021. Relative 
abundance and molecular identification of Culex pipiens complex 

(Diptera: Culicidae), in Kura Local Government Area, North-western 

Nigeria. Parasite Epidemiol Control 14: e00213. DOI: 
10.1016/j.parepi.2021.e00213.  

Mukhtar MU, Han Q, Liao C, Haq F, Arslan A, Bhatti A. 2018. Seasonal 

distribution and container preference ratio of the Dengue Fever 
Vector (Aedes aegypti, Diptera: Culicidae) in Rawalpindi, Pakistan. J 

Med Entomol 55 (4): 1011-1015. DOI: 10.1093/jme/tjy010. 

Müller GA, de Mello CF, Bueno AS, de Alcantara Azevedo WT, Alencar 
J. 2022. Little noticed, but very important: The role of breeding sites 

formed by bamboos in maintaining the diversity of mosquitoes 

(Diptera: Culicidae) in the Atlantic Forest biome. PLoS One 17: 1-17. 
DOI: 10.1371/journal.pone.0273774. 

Mudin RN. 2015. Dengue incidence and the prevention and control 

program in Malaysia. Intl Med J Malays 14 (1): 5-9. DOI: 
10.31436/imjm.v14i1.447. 

Nanjul GO, Gyang DA, Adara OF. 2018. A comparative study of the 

growth pattern of the larvae of Culex Linnaeus, 1758 in various water 
bodies and the implications for environmental control. MOJ Ecol 

Environ Sci 3 (3): 171-174. DOI: 10.15406/mojes.2018.03.00084. 

Nchoutpouen E, Talipouo A, Djiappi-Tchamen B, Djamouko-Djonkam L, 
Kopya E, Ngadjeu CS, Doumbe-Belisse P, Awono-Ambene P, 

Kekeunou S, Wondji CS, Antonio-Nkondjio C. 2019. Culex species 

diversity, susceptibility to insecticides and role as potential vector of 

Lymphatic filariasis in the city of Yaoundé, Cameroon. PLoS 

Neglected Trop Dis 13 (4): e0007229. DOI: 
10.1371/journal.pntd.0007229.  

Neto JAR, Alves SN, Lima LAR dos S. 2023. Fatty acid methyl esters 

(FAMEs) obtained from edible vegetable oils: Larvicidal activity and 
melanization process in Aedes aegypti larvae. Biocatalysis Agric 

Biotechnol 50: 102689. DOI: 10.1016/j.bcab.2023.102689. 

Odum EP. 1971. Fundamental of Ecology (Third Edition). Sounder 
Company, San Fransisco. 

Qureshi A, Keen E, Brown G, Cator L. 2023. The size of larval rearing 

container modulates the effects of diet amount and larval density on 
larval development in Aedes aegypti. PLoS One 18: 1-18. DOI: 

10.1371/journal.pone.0280736. 

Ramos GJP, do Nascimento Moura CW. 2019. Algae and cyanobacteria in 
phytotelmata: diversity, ecological aspects, and conservation. 

Biodivers Conserv 28 (7): 1667-1697. DOI: 10.1007/s10531-019-

01771-2. 
Reiskind MH, Zarrabi AA. 2012. Water surface area and depth determine 

oviposition choice in Aedes albopictus (Diptera: Culicidae). J Med 

Entomol 49 (1): 71-76. DOI: 10.1603/ME10270. 
Rodríguez EJM, Evans P, Kalsi M, Rosenblatt N, Stanley M, Piermarini 

PM. 2022. Larvicidal activity of carbon black against the yellow fever 

mosquito Aedes aegypti. Insects 13 (3). DOI: 
10.3390/insects13030307. 

Ruairuen W, Amnakmanee K, Primprao O, Boonrod T. 2022. Effect of 

ecological factors and breeding habitat types on Culicine larvae 
occurrence and abundance in residential areas Southern Thailand. 

Acta Trop 234. DOI: 10.1016/j.actatropica.2022.106630. 

Schrama M, Hunting ER, Beechler BR, Guarido MM, Govender D, 
Nijland W, van ‘t Zelfde M, Venter M, van Bodegom PM, Gorsich 

EE. 2020. Human practices promote presence and abundance of 

disease-transmitting mosquito species. Sci Rep 10 (1): 1-6. DOI: 
10.1038/s41598-020-69858-3. 

Siregar FA, Makmur T, Huda N. 2017. Key breeding place for dengue 

vectors and the impact of larvae density on dengue transmission in 
North Sumatera Province, Indonesia. Asian J Epidemiol 10 (1): 1-9. 

DOI: 10.3923/aje.2017.1.9. 

Wahidah FF, Rosmanida R. 2021. Analysis of phytotelmata as breeding 
site Aedes spp. in Sidoarjo East Java. Risenologi 6 (1): 107-111. DOI: 

10.47028/j.risenologi.2021.61.157. [Indonesian] 

https://doi.org/10.1155/2019/1760950


 B IODIVERSITAS 24 (9): 4820-4828, September 2023 

 

4828 

Wibawaning ARRUN. 2019. Diversity, dominancy, and periodicity of 

mosquitoes in filariasis endemic areas in Samborejo Village Tirto 

District Pekalongan District. IJTID 7 (6): 131-136. DOI: 
10.20473/ijtid.v7i6.10385. 

Wijesinghe S, Amarasinghe D. 2023. Comparative study on the larvicidal 

effect of some ciliated protists on Culex gelidus, Culex 
tritaeniorhynchus, and Aedes aegypti in Sri Lanka. Parasitol Res 122 

(2): 497-507. DOI: 10.1007/s00436-022-07750-x. 

World Health Organization. 2020. Dengue and severe dengue. 

https://www.who.int/news-room/fact-sheets/detail/dengue-and-

severe-dengue. 
Yang PL, Nelson-Hurwitz DC, Katz AR. 2020. Evaluating potential 

mosquito breeding sites on a university campus. Hawai'i J Health Soc 

Welf 79 (12): 347-352. 
Yuliani DM, Hadi UK, Soviana S, Retnani EB. 2021. Habitat 

characteristic and density of larva Aedes albopictus in curug, 

Tangerang District, Banten Province, Indonesia 2018. Biodiversitas 
22 (12): 5350-5357. DOI: 10.13057/biodiv/d221216.  

 


