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Abstract. Tarigan MRM, Corebima AD, Zubaidah S, Rohman F. 2021. Arthropods discovered in lower and upper pitchers of Nepenthes 

at Rampa-Sitahuis Hill, North Sumatra, Indonesia. Biodiversitas 22: 5358-5366. This research aimed to identify the families of 
arthropods trapped in the upper and lower pitchers of Nepenthes in Rampa Sitahuis Hill Area, North Sumatra, Indonesia. This 
descriptive qualitative research used an experimental method of data analysis. The arthropods were obtained from the upper and lower 
pitchers of N. rafflesiana, N. gracilis, N. eustachya, N. ampullaria, and N. sumatrana. Consequently, ten families of arthropods, namely 
Culicidae, Formicidae, Araneidae, Calliphoridae, Rhyparochromidae, Salticidae, Curculionidae, Blattellidae, Coccinellidae, and 
Tridactylidae were identified. Culicidae and Formicidae were the most abundant arthropods trapped in Nepenthes’ lower and upper 
pitchers because Nepenthes functioned as a microhabitat and breeding ground for Culicidae (adult mosquitoes) and Formicidae (ant 
larvae). Thus, these species established a mutualistic symbiosis in which ants used the tendrils of Nepenthes to lay their eggs and 

collected nectar generated by the honey glands, while the egg-laying process aids in the pitcher’s breakdown process. 

Keywords: Families, mutualism, predation, specimen identification 

INTRODUCTION 

Nepenthes is a carnivorous plant genus found from 

eastern Madagascar to New Caledonia, Southern China, 
and several small remote islands in the western Pacific, 

Malesiana (Yulita and Mansur 2012; Gaume et al. 2016; 

Nerz and Koch 2018; Rizqiani et al. 2018), as well as 

Southeast Asia, most notably in Indonesia. Between 2005 

and 2014, Nepenthes spread throughout Indonesia, with 32 

species on Borneo, 29 on Sumatra, ten on Sulawesi, nine 

on Papua, four on Maluku, and two on Java (Cheek and 

Jebb 2013; Mansur 2013; Lestari et al. 2018; Rizqiani et al. 

2018). 

Nepenthes is a member of the Nepenthaceae family. 

Diverse arthropod groups have been observed trapped in 

their pitchers on numerous occasions (Bauer et al. 2015; 
Biswal et al. 2018; Hidayat et al. 2018; Rizqiani et al. 

2018; Setiawan et al. 2018; Nainggolan et al. 2020). 

Extrafloral nectarine glands on Nepenthes provide a scent 

that draws arthropods to the pitcher's lip (Bonhomme et al. 

2011; Gorb et al. 2013; Schwallier et al. 2020). In addition, 

the upper part of the plant contains digestive enzymes 

referred to as glandular parts that act as digesting sites for 

trapped prey (Rottloff et al. 2016; Ravee et al. 2018; 

Saganová et al. 2018; Bekalu et al. 2020; Dkhar et al. 2020; 

Schwallier et al. 2020).  

Although research on arthropods trapped in Nepenthes 
is sparse, Hidayati (2018) discovered that Formicidae and 

Culicidae were frequently captured in pitchers of N. 

reinwardtiana and N. mirabilis, respectively. Additionally, 

Vong et al. (2021) found Calliphoridae in N. rafflesiana, 

and other research discovered Nitidulidae, Formicidae, 

Cynipidae, Thomisidae, Culicidae, Chrysomelidae, 
Flatidae, and Tropiduchidae in N. gracilis. Furthemore, 

arthropods such as Formicidae, Culicidae, Tephritidae, and 

Culicidae, Formicidae, Liparidae, and Curculionidae were 

discovered in N. mirabilis and N. rafflesiana, while legged 

tadpoles were observed in N. ampullaria (Panda and 

Gunawan 2017). Additionally, Amphinectidae, Argasidae, 

Blattellidae, Chaoboridae, Chironomidae, Cosmetidae, 

Entomobryidae, Euzetidae, and Formicidae, as well as 

Gryllidae, Linyphiidae, Lycosidae, Lygaeidae, Nabidae, 

Nicod were found in N. ampullaria (Maysarah et al. 2017). 

Besides ants, other animals spotted on Nepenthes 

pitchers include flies, mosquitoes, crickets, beetles, frogs, 
birds, mice (Cheek and Jebb 2013; Lagunday et al. 2017; 

Lim et al. 2019; Ngai et al. 2020), and Misumenops 

nepenthicola (spider on N. rafflesiana) (Karl and Bauer 

2020). In addition, Tupaia montana and T. minor were 

discovered in pitchers of N. lowi, N. rajah, N. macrophylla, 

N. gracilis, and N. rafflesiana (Chin et al. 2010; 

Greenwood et al. 2011; Pavlovič et al. 2011; Wells et al. 

2011; Bauer et al. 2015; van der Ent et al. 2015; Thorogood 

et al. 2018). Also, Karivoula hardwickii was seen in N. 

rafflesiana var. elongata, N. hemsleyana, N. bicalcarata, 

and N. ampullaria (Grafe et al. 2011; Pavlovič et al. 2011; 
Schöner et al. 2013; Lim et al. 2014; Thorogood et al. 

2018) while Lepidodactylus cf. lugubris was found in N. 

treubiana (Nerz and Koch 2018). In addition, sunbirds 

consume nectar from the peristomes of N. rafflesiana and 
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N. gracilis (Bauer et al. 2015). Therefore, animals trapped 

in Nepenthes’ pitchers are attracted to the nectar on its 

peristome-shaped walls that are strikingly colored due to 

UV light reflection (Baby et al. 2017; Ngai et al. 2020). 

This research was done since discussion regarding the 

discovery of the arthropod family in Nepenthes’ upper and 

lower pitchers is still uncommon. It sought to identify the 

family of arthropods trapped in the upper and lower 

pitchers of Nepenthes growing in the Rampa-Sitahuis Hill 

area, North Sumatra Province, Indonesia. 

MATERIAL AND METHODS 

Research area 

This descriptive qualitative research uses exploratory 

data analysis. The research samples were obtained through 

direct observations. The research was conducted between 

January and March 2021. Data collection was carried out at 

the Rampa-Sitahuis Hill area, North Sumatra Province, 

Indonesia. The family of arthropods was identified in the 

Animal Systematics Laboratory, Faculty of Mathematics 

and Natural Sciences, Universitas Sumatra Utara (USU), 

Medan, North Sumatra, Indonesia. In the laboratory, the 

main characteristics of each arthropod specimen were 

determined.  

Research location 

Rampa-Sitahuis Hill is located in North Sumatra’s 

Sitahuis Sub-district, Central Tapanuli District, 

approximately 15 km from Sibolga City. Rampa-Sitahuis 

Hill area (01°48'6.51" NL, 98°48'2.19" EL) is located 327 

km from Medan’s central business district, with an altitude 

ranging from 200-800 m above sea level. Rampa-Sitahuis 

Hill is bounded to the north by Central Tapanuli District, to 
the south by Sibolga City, to the east by North Tapanuli 

District, and the west by Tapian Nauli and Kolang 

Districts. The location features a slope of 0-12% (65.51% 

of the area), a slope of 12-40% (24.28% of the area), and a 

slope of 12-40% (8.64% of the area). The air temperature 

reaches a maximum of 32.8°C and a minimum of 20.9°C. 

The average air temperature in Sitahuis District is between 

21.20 and 26.3°C during the day and lowers to 15-20°C at 

night. Around the hill, the air humidity is relatively high, 

ranging between 84.58 and 100%. Additionally, this hill 

has a hilly and undulating topography, a soil pH of 3-4, and 
red-yellow podzolic complex rock. The area is 

approximately 50.52 km2. The research location is 

described in Figure 1. 

 

 
 

 
 
Figure 1. Map of the Nepenthes locations at Rampa-Sitahuis Hill, Central Tapanuli District, North Sumatra Province, Indonesia 
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Procedures 

 The items used in the investigation were plastic bags, 

labels, alcohol 70%, a camera, and laboratory equipment 

such as a microscope, tweezers, and a collection container. 

The plastic bags were used as containers for arthropods 

found on the lower and upper pitchers of Nepenthes. 

Alcohol 70% was utilized to preserve the arthropods and 

keep their bodies intact. The camera was used to snap 

images of the arthropods as evidence of the research 

paperwork. Laboratory equipment such as a microscope, 
tweezers, and collection containers were employed to 

identify arthropod species found in Nepenthes' upper and 

lower pitchers. Direct observation at the research site, 

collection of arthropods from five Nepenthes lower and 

upper pitchers, labeling of plastic samples, and preserving 

and recording the quantity and identity of arthropod 

families were all included in the identification activities. 

Additionally, arthropods collected from the upper pitchers 

of Nepenthes were separated from those gathered from 

lower pitchers. Seventy percent alcohol was added to the 

samples, and they were labeled. Subsequently, these 
samples were counted and identified based on Leung et al. 

(2011) and Nadifah et al. (2017). The data on the number 

of arthropods were analyzed descriptively to obtain the 

absolute density, relative density, absolute frequency, 

relative frequency, and diversity index (Shannon-Wiener 

index) of the arthropods (Merbach et al. 2007; Giusto et al. 

2008; Adlassnig et al. 2011; Gaume et al. 2016). 

RESULTS AND DISCUSSION 

Nepenthes Species found in the Rampa-Sitahuis Hill  

Five species of Nepenthes were discovered in the 

Rampa-Sitahuis hill area, Central Tapanuli District, North 

Sumatra Province, Indonesia. Each plant species was 

classified based on the position of its lower and upper 

pitchers. Figure 2 shows the location of the five Nepenthes 

species identified in this study, namely N. rafflesiana, N. 

gracillis, N. eustachya, N. ampullaria, and N. sumatrana. 

Arthropods found in five Nepenthes species 
The arthropods discovered intact or damaged in 

Nepenthes pitchers are listed in Figure 3. Ants 

(Formicidae) and mosquito larvae (Culicidae) were found 

in pitchers of N. rafflesiana, N. gracilis, N. eustachya, N. 

ampullaria, and N. sumatrana. Furthermore, Gryllidae was 

seen in N. rafflesiana Jack, Calliphoridae in N. sumatrana, 

and N. eustachya, while Coccinellidae and Curculionidae 

were observed in N. gracilis and N. eustachya, 

respectively. In addition, Rhyaparochromidae was seen in 

N. ampullaria and N. sumatrana, Blattellidae in N. 

ampullaria, Salticidae in N. sumatrana, and Araneidae in 
N. ampullaria and N. sumatrana. 

Each arthropod found in the five Nepenthes species 

described above varies in size, color, and shape. 

Arthropods ranging in size from 2 mm to 6 cm were 

discovered. Each arthropod specimen is unique in color, 

ranging from black to white, red, yellow, and orange. Some 

specimens were broad, round, oval, and hairy (Table 1). 

 

 

 

      
A.1 A.2 B.1 B.2 C.1 C.2 

 

    

 

 D.1 D.2 E.1 E.2  

 

Figure 2. Nepenthes species found in the Rampa-Sitahuis Hill, Central Tapanuli District, North Sumatra Province, Indonesia: A. N. 
rafflesiana (N: 01° 48'5.59; E: 0.98° 48'2.74; Alt: 355 m asl) (1) lower Pitcher; (2) upper pitcher; B. N. gracillis (N: 01° 48'6.96; E: 0.98° 

48'2.04; Alt: 372 m asl) (1) lower pitcher; (2) upper pitcher; C. N. eustachya (N: 01° 48'7.01; E: 0.98° 48'2.06; Alt: 370 m asl) (1) lower 
Pitcher; (2) upper pitcher; D. N. ampullaria (N: 01° 48'6.82; E: 0.98° 48'2.27; Alt: 369 m asl) (1) lower pitcher; (2) upper pitcher; E. N. 
sumatrana (N: 01° 35'7.54; E: 0.98° 53'7.68; Alt: 33 m asl) (1) lower pitcher; (2) upper pitcher 



TARIGAN et al. – Arthropods discovered in Nepenthes at Rampa-Sitahuis Hill, North Sumatra, Indonesia 

 

5361 

Table 1. Arthropod found in Nepenthes lower and upper pitchers 
 

Arthropods Description 

Gryllidae The Orthoptera specimen is 4 cm long and black with white bands on the femur. The specimen was identified 
as a member of the family Gryllidae, typically with a body size of between 2 cm and 6 cm in the imago phase 
and a body-color range of gray to black. 

Formicidae The Hymenoptera specimen measures 0.7 cm in length and has a black thorax-head and a bright red 
abdomen. The specimen was subsequently assigned to the family Formicidae, which typically has a body 
length of 0.5 to 3 cm with a color range of black to reddish. 

Culicidae The Culex specimen measures 0.6 cm in length and is all black. This Culex specimen was eventually 
identified as a member of the family Culicidae, which is typically cosmopolitan in appearance and ranges 
from 0.5-2 cm, but some are enormous at 4-5 cm in length. 

Calliphoridae The Coleoptera specimen measured 0.7 cm in length with an orange body and was found on the plantation’s 

fringes. The Coleoptera specimen was eventually recognized as a Calliphoridae member, with a body length 
of 0.5-1cm and a coloration ranging from red to orange with black markings (predominantly a shiny bluish-
green). Coleoptera is typically found in forests with a partially closed canopy, where they reside among waste 
and animal carcasses.  

Curculionidae The Curculionidae specimen measures 2-4 mm and has a brick-red to the orange body. Species of this family 
can be found in trees, such as sago palms, coconuts, and oil palms. 

Coccinellidae The Coccinellidae specimen has a wide body shape, oval to nearly round. The head is partially or entirely 
hidden under the pronotum. The larvae are dark in color; some have reddish-yellow spots and have fork-like 

spines. They are found on the top of the plant canopy in both wet and dry habitats. 

Rhyparochromidae The specimen has a body length of 1-2 cm and a dark brown to black coloration. Species from the family 
Rhyparochromidae are frequently referred to as dung-colored aphids since these arthropods are ground-
dwelling yet fly in search of food. 

Blattellidae The Blattellidae specimen has a body size of 9-10 mm and a blackish to brown small oval head. It has a pair 
of antennae, a pair of elliptical double wings, and a pair of hind wings. 

Salticidae Salticidae is a family of invertebrates measured 0.7 cm in length with a vivid body color, a distinct pattern. 
Species from this family have a brown body and white stripes on the body. Their body is small, and there is a 
white pattern on its chest area. These arthropods live alone among leaves. They are widespread species that 
can be found in urban areas and forests. 

Araneidae 
 

The Araneidae specimen has a body size of 3 mm. Its body color is black and orange. Its black abdomen is 
rounded and hairy. Its cephalothorax is orange and oval. It has six eyes in a circle and a pair of angled 
antennae. It also has four pairs of legs with orange and black ends. 
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Figure 3. Arthropods trapped in the lower and upper pitchers of Nepenthes: A. Gryllidae (upper pitcher: N. rafflesiana); B. Formicidae 
(lower pitcher: N. rafflesiana, N. gracilis, N. eustachya, N. ampullaria, N. sumatrana); C. Culicidae (lower pitcher: N. gracilis, N. 
eustachya and upper pitcher: N. rafflesiana, N. gracilis, N. ampullaria,  N. sumatrana); D. Calliphoridae (lower pitcher: N. sumatrana 
and upper pitcher: N. eustachya, N. sumatrana); E. Coccinellidae (upper pitcher: N. gracilis); F. Curculionidae (upper pitcher: N. 
eustachya); G. Rhyparochromidae (upper pitcher: N. ampullaria, N. sumatrana); H. Blattellidae (lower pitcher: N. ampullaria); 

I.Salticidae (upper pitcher: N. sumatrana); J. Araneidae (lower pitcher: N. ampullaria and upper pitcher: N. ampullaria, N. sumatrana) 
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There are 11 arthropod families found in the lower and 

upper pitchers of Nepenthes. The body of the arthropod that 

was discovered dead is depicted in Figure 3. 

Culicidae species usually live in plants, whereas 

Formicidae species have a mutualistic symbiosis with 

Nepenthes. All Culicidae specimens were discovered in 

their larval and live stages. They remained in the pouch 

fluid, with some demonstrating a larval developmental 

stage for many days. This finding is consistent with Mogi 

(2010), Bittleston et al. (2016), and Maysarah et al. (2017), 
who observed a variety of arthropods in Nepenthes in the 

form of whole individuals, larvae, pupae, and individual 

body parts like antennae and wings. Based on this, it can be 

concluded that not all arthropods in Nepenthes pitchers are 

expected to become prey (food), as Nepenthes can also 

serve as a habitat for these invertebrates. Culicidae adults, 

in particular, employ the pitchers as a mini-habitat for egg-

laying and larval breeding. 

Comparing the number of arthropods in Nepenthes 

pitchers 

Table 2 summarizes observations of 386 Arthropods 
belonging to ten families (133 trapped in the Nepenthes 

lower pitchers and 253 trapped in the Nepenthes upper 

pitchers). Culicidae, Araneidae, and Calliphoridae 

specimens from the upper pitchers of Nepenthes were 

compared to oneanother. Formicidae mainly was found in 

the lower pitchers of N. eustachya, N. ampullaria, N. 

gracilis, N. rafflesiana, and N. sumatrana. In contrast, 

Culicidae specimens mainly were found in the upper 

pitchers of N. ampullaria, N. gracilis, N. rafflesiana, and N. 

sumatrana. 

The research findings suggest that the shape, size, and 
coloration of upper pitchers of Nepenthes are more 

attractive to arthropods, such as adult Diptera. The 

decomposers and predators are the Culicidae and 

Calliphoridae from order Diptera, such as the mosquito and 

the Nepenthes bag fly. Mosquito larvae specifically prey on 

and destroy the remains of arthropods eaten by Nepenthes, 

while Diptera fly larvae prey on mosquitoes (Scharmann et 

al. 2013; Hidayati 2018). According to Adlassnig et al. 

(2011), adult Diptera have high mobility and well-

developed senses of sight and smell, which enable them to 

lay eggs in the upper pitchers of Nepenthes. 

According to the research findings, arthropod families 
can be found in both the lower and upper pitchers of 

Nepenthes or the lower or upper pitchers of Nepenthes. The 

arthropods found in Nepenthes’s lower and upper pitchers 

are listed in Table 2. 

Members of the Formicidae family coexist alongside 

Nepenthes in a mutualistic symbiotic relationship. Ants lay 

their eggs inside Nepenthes tendrils and aid in the 

decomposition process in Nepenthes pitchers, while 

Nepenthes plants provide nectar released by their honey 

glands (Bauer et al. 2012). Meanwhile, Araneidae, 

Rhyparochromidae, Salticidae, Curculionidae, and 
Coccinellidae species are not attracted to the nectar in the 

peristome (lip pouch) and lid of the Nepenthes bag. 

According to Adlassnig et al. (2011), the arthropods 

accidentally slipped into the Nepenthes bag since 

Nepenthes preyed on arthropods from these families. 

Gryllidae and Blattellidae members were discovered in 

Nepenthes pitchers due to the arthropod's fascination with 

the UV color trapping mechanism produced by Nepenthes 

pitchers (Baby et al. 2017). This color mechanism results in 

the lip of the pouch being darker than the body, which turns 

blue or brilliant green. The color system will attract various 

arthropod species, including Acheta domesticus, 

Periplaneta americana, and Crocothemis servilia 

(Takeuchi et al. 2015). 
Culicidae and Formicidae families were found in the 

pitchers of N. eustachya, N. gracilis, N. ampullaria, N. 

rafflesiana, N. sumatrana. Meanwhile, Araneidae and 

Rhyparochromidae were discovered in N. ampullaria, and 

N. sumatrana and Calliphoridae in N. sumatrana and N. 

eustachya. Salticidae, Curculionidae, Blattellidae, 

Coccinellidae, and Gryllidae were found in the pitchers of 

N. sumatrana, N. eustachya, N. ampullaria, N. gracilis, N. 

rafflesiana, respectively. In addition, 45 arthropods from 

the Culicidae family were found in the upper pitcher of N. 

gracilis, while 44, 22, 23, 14, and 10 were found in the 
upper pitchers of N. ampullaria, N. rafflesiana, N. 

sumatrana and in the lower pitchers of N. eustachya and N. 

gracilis, respectively. In addition, 22, 21, 20, 18, and 12 

Formicidae were found in the lower pitchers of N. 

eustachya, N. ampullaria, N. gracilis, N. rafflesiana, and N. 

sumatrana, respectively. Five species of Araneidae were 

found in the lower pitcher of N. ampullaria and three 

species of Araneidae were found in the upper pitchers of N. 

ampullaria and N. sumatrana.  
 
 
 
Table 2. Comparison of the number of arthropods found in 
Nepenthes lower and upper pitchers 
 

Families of 

arthropods 

Species of 

Nepenthes 

Number of arthropods 

Lower 

pitcher 

Upper 

pitcher 

Culicidae N. eustachya  14 - 
 N. gracilis  10 45 
 N. ampullaria  - 44 
 N. rafflesiana  - 24 

 N. sumatrana  - 23 
Formicidae N. eustachya  22 - 
 N. ampullaria  21 - 
 N. gracilis  20 - 
 N. rafflesiana  18 - 
 N. sumatrana  12  
Araneidae N. ampullaria  5 3 
 N. sumatrana  - 3 

Calliphoridae N. sumatrana  3 10 
 N. eustachya  - 6 
Rhyparochromidae N. sumatrana  - 38 
 N. ampullaria  - 16 
Salticidae N. sumatrana  - 18 
Curculionidae N. eustachya  - 12 
Blattellidae N. ampullaria  8 - 
Coccinellidae N. gracilis  - 6 

Gryllidae N. rafflesiana  - 5 
Total  133 253 
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Ten arthropods from the family Calliphoridae were 

found in the upper pitcher of N. sumatrana, six in N. 

eustachya, and 3 were found in the lower pitcher of N. 

sumatrana. However, arthropods from the family 

Rhyparochromidae were only found in the upper pitchers 

of N. sumatrana (28) and N. ampullaria (16). A total of 18 

arachnids from Salticidae were seen in the upper pitcher of 

N. sumatrana, while 20 Curculionidae were found in N. 

eustachya. In addition, only 8 species from Blattellidae 

were found in the lower pitch of N. ampullaria. In the 
upper pitchers of N. gracilis and N. rafflesiana, six 

Coccinellidae and five Gryllidae were found (Figure 3). 

The absolute density, relative density, absolute frequency, 

relative frequency of each arthropod found in Nepenthes 

lower and upper pitchers was described. 

The highest absolute frequency (FM = 5) and relative 

frequency (FR = 16.66%) were found in the upper pitcher of 

Nepenthes belonging to the families Culicidae, 

Rhyparochromidae, Salticidae, Curculionidae, Calliphoridae, 

Coccinellidae, Gryllidae, Araneidae, and Formicidae. Besides, 

the absolute frequency and the relative frequency in the lower 
pitcher of Nepenthes of the families Formicidae, Culicidae, 

Blattellidae, Araneidae, Calliphoridae, Rhyparochromidae, 

Salticidae, Curculionidae, Coccinellidae, Gryllidae are 2 and 

12.49%, respectively. These results indicate that the 

arthropods were dominantly found in the upper pitcher of 

Nepenthes. The absolute density, relative density, absolute 

frequency, and relative frequency of each arthropod found in 

the lower and upper pitchers of Nepenthes can be seen in 

Table 3. 

The index of arthropod diversity in the lower and upper 

pitchers of Nepenthes is different. The diversity index of 
arthropods discovered in the lower pitcher of Nepenthes 

(1.86) is lower than the diversity index of arthropods found 

in the upper pitcher of Nepenthes (2.32). This finding 

demonstrates that a greater number of arthropods were 

discovered in the upper pitcher of Nepenthes than in the 

lower pouch. The Culicidae is the most frequently 

encountered arthropod family in the upper pitcher of 

Nepenthes. Culicidae prefers the shady and moist upper 

pitcher of Nepenthes because these species have keen 

senses of sight, smell, and flying, making it easier for them 

to lay their eggs in the upper pitcher of Nepenthes 

(Adlassnig et al. 2011; Vong et al. 2021). Table 4 shows 
the diversity index for each arthropod family identified in 

Nepenthes' lower and upper pitchers. 

Based on the research findings, Formicidae and 

Culicidae accounted for the highest number of arthropods 

trapped by Nepenthes (Rembold et al. 2010; Bittleston et 

al. 2016; Panda and Gunawan 2017; Hidayati 2018). 

Arthropods of these families are the main prey for N. 

eustachya, N. ampullaria, N. gracilis, N. rafflesiana, and N. 

sumatrana. These arthropods are frequently found on land 

and have a high threshold for sweet tastes. As a result, 

when they are on the lips of Nepenthes pitchers, they 
receive an indirect indication of nectar’s existence, which 

attracts them inside the pitchers. Additionally, these 

arthropods are prone to falling into plants due to their 

slippery lips (Bonhomme et al. 2011; Buch et al. 2013). 

The lips of N. eustachya, N. ampullaria, N. gracilis, N. 

rafflesiana, and N. sumatrana pitchers are brighter than the 

rest of the body, the pitchers’ edges are smooth and jagged, 

and the nectar is found at the gland’s top (Buch et al. 2015; 

Chou et al. 2015; Bekalu et al. 2020; Schwallier et al. 

2020). Nepenthes pitchers also have a distinct odor caused 

by extrafloral nectarine glands, which draws land 
arthropods to the lips of their pitchers (Gorb et al. 2013; 

Schwallier et al. 2020).  

 

 
Tabel 3. Absolute density, relative density, absolute frequency, the relative frequency of each arthropod found in Nepenthes lower and 
upper pitchers 
 

Families of 

arthropods 
Species of Nepenthes 

Lower pitcher Upper pitcher 

KM KR (%) FM FR (%) KM KR (%) FM FR (%) 

Culicidae N. eustachya 14 10.52 2 12.49 0 0 0 0 
N. gracilis 10 7.51 1 6.25 45 17.78 5 16.66 
N. ampullaria 0 0 0 0 44 17.39 5 16.66 
N. rafflesiana 0 0 0 0 24 9.48 2 6.66 

N. sumatrana 0 0 0 0 23 9.09 2 6.66 
Formicidae N. eustachya  22 16.54 2 12.49 0 0 0 0 

N. ampullaria  21 15.78 2 12.49 0 0 0 0 
N. gracilis  20 15.03 2 12.49 0 0 0 0 
N. rafflesiana  18 13.53 2 12.49 0 0 0 0 
N. sumatrana  12 9.02 2 12.49 0 0 0 0 

Araneidae N. ampullaria  5 3.75 1 6.25 3 1.18 1 3.33 
N. sumatrana  0 0 0 0 3 1.18 1 3.33 

Calliphoridae N. sumatrana  3 2.25 1 6.25 10 3.95 1 3.33 
N. eustachya  0 0 0 0 6 2.37 1 3.33 

Rhyparochromidae N. sumatrana  0 0 0 0 38 15.01 4 13.33 
N. ampullaria  0 0 0 0 16 6.32 2 6.66 

Salticidae N. sumatrana 0 0 0 0 18 7.11 2 6.66 
Curculionidae N. eustachya 0 0 0 0 12 4.74 2 6.66 
Blattellidae N. ampullaria 8 6.01 1 6.25 0 0 0 0 
Coccinellidae N. gracilis 0 0 0 0 6 2.37 1 3.33 

Gryllidae N. rafflesiana 0 0 0 0 5 1.97 1 3.33 
Total 133 99.94 16 99.94 253 99.94 300 99.94 
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Table 4. The diversity indexes of arthropods found in Nepenthes lower and upper pitchers 
 

Families of 

arthropods 
Species of Nepenthes 

Lower pitcher Upper pitcher 

Pi In Pi H` Pi In Pi H` 

Culicidae N. eustachya 0.105 -2.25 0.24 0 0 0 
N. gracilis 0.075 -2.59 0.19 0.177 -1.73 0.31 
N. ampullaria 0 0 0 0.173 -1.75 0.30 
N. rafflesiana 0 0 0 0.095 -2.35 0.22 

N. sumatrana 0 0 0 0.091 -2.39 0.22 
Formicidae N. eustachya  0.165 -1.79 0.29 0 0 0 

N. ampullaria  0.158 -1.84 0.29 0 0 0 
N. gracilis  0.150 -1.89 0.28 0 0 0 
N. rafflesiana  0.135 -1.99 0.27 0 0 0 
N. sumatrana  0.090 -2.40 0.22 0 0 0 

Araneidae N. ampullaria  0.037 -3.29 0.12 0.012 -4.42 0.05 
N. sumatrana  0 0 0 0.012 -4.42 0.05 

Calliphoridae N. sumatrana  0.022 -3.81 0.08 0.039 -3.24 0.13 
N. eustachya  0 0 0 0.024 -3.73 0.09 

Rhyparochromidae N. sumatrana  0 0 0 0.150 -1.89 0.28 
N. ampullaria  0 0 0 0.063 -2.76 0.17 

Salticidae N. sumatrana 0 0 0 0.071 -2.64 0.19 
Curculionidae N. eustachya 0 0 0 0.047 -3.05 0.14 
Blattellidae N. ampullaria 0.060 -2.81 0,17 0 0 0 
Coccinellidae N. gracilis 0 0 0 0.024 -3.73 0.09 

Gryllidae N. rafflesiana 0 0 0 0.019 -3.96 0.08 
Total 0.997 -24.69 1.86 0.997 -42.07 2.326 

 
 
 

 Arthropods of the family Formicidae were discovered 

dead in pitchers of N. eustachya, N. ampullaria, N. gracilis, 

N. rafflesiana, and N. sumatrana, but their remains were 

found intact in bag fluid. This liquid is clear, whitish, or 

hazy in color and has a pH of 5-6. On the other hand, 

Culicidae were discovered alive and in the larval stage in a 

yellowish and occasionally black liquid (pH 2.8-4.9). This 

finding is consistent with Hidayat (2016) research, which 
indicates that the fluid in the pitcher of N. ampullaria is 

occasionally clear or cloudy and frequently contains dead 

arthropods. Culicidae larvae found in Nepenthes pitchers 

were still alive. Their organs were intact; whereas 

Formicidae, Araneidae, Calliphoridae, Rhyparochromidae, 

Salticidae, Curculionidae, and Coccinellidae were found 

dead with severely damaged body parts (e.g., only a pair of 

wing fragments were discovered). Additionally, 

Blattellidae and Gryllidae were discovered dead, but with 

all body parts intact. 

 The extreme condition of the Nepenthes pitchers’ fluid 
renders organisms incapable of survival. This finding 

corroborates Hidayat (2016) assertion that numerous 

bacterial species reside in this fluid and participate in the 

substrate degrading process (Biteau et al. 2013; Chou et al. 

2014; Gilbert et al. 2020). The presence of bacteria with a 

high variety index benefits Nepenthes growth by providing 

additional nutrients. Additionally, the presence of bacteria 

is influenced by a variety of parameters, including the 

location and growing conditions of Nepenthes, nutrition 

availability, and the state of the pitchers’ fluid (Chou et al. 

2014; Takeuchi et al. 2015; Hidayat 2016; Gilbert et al. 

2020). The hue of Nepenthes pitchers’ liquid is determined 
by the particles suspended in it, the remains of Arthropod 

carcasses, and the chemical enzymes involved in the 

pitchers’ symbiotic interaction with these animals. 

Additionally, observations indicate that dead arthropods’ 

remains add a white tint and a distinct yellowish pigment to 

Nepenthes pitchers' fluid. Nepenthes pitchers' fluid is 

frequently brimmed with dead arthropods such as ants, 

spiders, and beetles and living creatures such as mosquito 

larvae (Culicidae) (Mithöfer 2011; Hidayat 2016; Vong et 

al. 2021). This finding corroborates Bazile et al. (2012); 

Moran et al. (2012); Thornham et al. (2012); and Moran et 
al. (2013) who reported that various arthropod families 

could exist in the Nepenthes pitchers’ fluid. 

 In addition to rotting arthropods, the Nepenthes 

pitchers’ fluid contains various species of bacteria (Hidayat 

2016). Arthropods and other predatory creatures trapped in 

Nepenthes pitchers accelerate decomposition and boost the 

plant's nutritional availability (Takeuchi et al. 2015; 

Hidayat 2016; Gilbert et al. 2020). Adlassnig et al. (2011) 

assert that the Arthropod family trapped in Nepenthes 

pitchers affects the characteristics of the Nepenthes 

pitchers’ bacteria. Nepenthes pitchers create various 
chemicals, including phosphate, potassium, and other tiny 

organic molecules, which aid in decomposiing dead 

Arthropods into Nepenthes-friendly substrates. This state 

will undoubtedly affect the liquid ability to serve as a 

medium for bacteria to proliferate. In addition, the volume 

of fluid changes according to the plant size, larger pitchers 

contain more fluid and arthropods. As a result, large 

arthropods are typically found in Nepenthes most 

conspicuous pitchers. 

Most arthropods captured in Nepenthes pitchers come 

from Culicidae and Formicidae. This finding reveals that 

Nepenthes plants can serve as a habitat for Culicidae and a 
suitable environment for Formicidae larvae. Arthropods of the 

families Culicidae and Formicidae form a mutualistic 

symbiosis with Nepenthes. Culicidae (adult mosquitoes) use 
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the plant pouches as small habitats for egg-laying, and larval 

growth, Formicidae (ants) lay eggs inside N. tendrils. Ants 

also contribute to the acceleration of the decomposition 

process in Nepenthes pitchers. Araneidae, Rhyparochromidae, 

Salticidae, Curculionidae, and Coccinellidae are not attracted 

to Nepenthes petals and peristomes (pitchers' lips). Arthropods 

are trapped in Nepenthes pitchers for various reasons, 

including that Nepenthes plants occasionally prey on insects 

belonging to these family groups. Simultaneously, Gryllidae 

and Blattellidae are present in Nepenthes pitchers due to their 
close association and Nepenthes’ UV color trapping 

mechanism, which darkens the lips of the plant’s pitchers 

while lightening its body. 
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