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Community Structure of Litter Dwelling MacroFauna Across Age-Stratified Rubber Plantations
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ABSTRACT

	Forests serve as natural habitats for litter macrofauna, playing a crucial role in sustaining their survival. However, widespread forest conversion into plantations has become increasingly common, while information regarding litter macrofauna  and their ecological roles particularly in Indonesia remains limited. This study explores the community structure of litter macrofauna in rubber plantations of varying ages (11 and 23 years) to assess how plantation age influences their ecological roles in Indonesia. The research was conducted in two rubber plantations, selected using a stratified sampling method based on tree age. Litter samples were gathered through the litterbag method, and the fauna were extracted using the Berlese-Tullgren funnel technique. Data analysis focused on measuring density, diversity index (H'), evenness index, and dominance index. A total of 18 species of litter macrofauna were identified, with 16 species present in the 11-year-old plantation and 9 species in the 23-year-old plantation. The younger plantation exhibited a greater density of fauna (4.02 individuals per litterbag) compared to the older plantation (2.29 individuals per litterbag). However, the diversity index was lower in the younger plantation (H' = 1.52), while the dominance index was higher (D = 0.45), in contrast to the older plantation (H' = 1.79, D = 0.18). These findings suggest that plantation age has a significant impact on the structure of litter macrofauna communities. While younger plantations support a higher density of fauna, they also demonstrate lower species diversity due to increased dominance, indicating a lack of ecological balance. This research underscores the importance of accounting for plantation age in the management of agroecosystems. It is recommended that older rubber plantations, such as those that are 23 years old, be considered for replanting to improve ecosystem function and restore faunal diversity, thereby promoting long-term productivity.
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1. INTRODUCTION






Litter macrofauna  is part of the soil fauna that carries out most of its activities on plant litter.  According to Sulistyorini et al., (2023), the arthropod phylum, especially the Insecta class, is the most numerous litter macrofauna  compared to other animals. The phylum consists of 4 classes, namely Hexapoda, Chelicerata, Myriapoda, and Crustacea. Arthropods are known to be the type of animal with the most species on earth, it has been recorded that more than 800,000 insect species have been found.
Litter macrofauna  plays an important role in the soil ecosystem. Some of the roles of litter macrofauna  include improving litter fertility, namely playing a role in the decomposition process, especially in the process of humus formation (humification). Soil fauna, including litter-dwelling species, play key ecological roles such as facilitating litter decomposition, nutrient cycling, and energy flow (Wang et al. , 2021) . In addition, litter macrofauna  also plays a role in carbon flow, nutrient redistribution, nutrient cycles, and soil structure formation (Ilhamdi et al., 2022) . Leaf litter plays a vital role in contributing nutrients to the soil and supporting natural soil fertility in plantation ecosystems (Iloyanomon et al., (2020). Through the decomposition process, litter as organic material will be broken down by soil biota or litter into energy and simpler inorganic elements such as carbon, nitrogen, phosphorus, sulfur, and potassium (Aziz et al., 2023) . In litter decomposition, there are three main factors that influence the litter decomposition process, namely climate, litter quality, and microbial and litter macrofauna  communities. In addition, there are abiotic factors that are important supporters in the decomposition process, namely rainfall, temperature, organic content of litter and pH of litter. Rainfall is the most important factor in the occurrence of litter decomposition, for example reported increased abundance of soil fauna during a rainy season with suffcient precipitation Portela et al., (2020). In addition, rainfall is also closely related to temperature and soil humidity which are influential components in the litter decomposition process (Karina et al ., 2022) .
Research on the role of litter macrofauna in the rate of litter decomposition in rubber plantations is still limited. Previous studies have explored this relationship in different ecosystems. For instance, Younear et al ., ( 2023) investigated the diversity of litter macrofauna in rubber plantations (Hevea brasiliensis) in Labuhan Village, South Batang Alai District, and identified 20 species from 14 families. The fire ant (Solenopsis invicta) was the most dominant, with an importance value index of 47.51%. The diversity index of litter macrofauna in these plantations was moderate, at 1.967.
Melati et al., (2021) studied the initial decomposition process of litter from secondary forests and candlenut stands on the slopes of the Gawalise Mountains, Central Sulawesi. Their research showed that the secondary forest litter production (2.20 tons/ha/month) was higher than that of candlenut stands (2.14 tons/ha/month). The decomposition rate in secondary forests (17%-19%) was moderate, while in candlenut stands, it was slower (10%-12%). This variation was attributed to differences in the diversity of litter macrofauna species between the two forests. Further, Karina et al., (2022) investigated leaf litter decomposition in the Special Purpose Forest (KHDTK) of Bengkulu University, where they found that the decomposition rate increased with the percentage of dry weight loss of litter. The highest rate occurred during the 12th week, corresponding with higher rainfall.
These studies suggest a correlation between litter macrofauna diversity and decomposition rates across various ecosystems. Differences in decomposition rates are influenced by both biotic and abiotic factors, including the diversity of fauna. Melati et al., (2021) highlighted that secondary forests decompose litter more rapidly than candlenut stands, reinforcing the significance of litter macrofauna in decomposition. Consequently, the presence and diversity of litter macrofauna in a location can significantly affect litter fertility, underlining the importance of studying these organisms in rubber plantations and similar environments.
The existence of forest conversion causes changes in the structure of the existing litter macrofauna  so that it can affect the rate of decomposition on the land. Changes in the rate of litter decomposition will result in a decrease in litter quality. Forest conversion can be in the form of opening agricultural land, plantations and settlements (Hadryanti et al., 2019) . Central Bengkulu is one of the districts in Bengkulu Province that has a large number of rubber plantations, namely 10,497 hectares (BPS Bengkulu Province, 2019). Paying attention to the presence of litter macrofauna  in plantation land is very important in the management of sustainable plantation ecosystems. Therefore, research on "Community Structure of Litter Dwelling MacroFauna Across Age-Stratified Rubber Plantations" needs to be conducted. This study aims to analyze the comparison of the community structure of litter macrofauna  in rubber plantations with different age strata. It is hoped that the results of this research can provide insight into the structure of litter macrofauna communities and serve as a reference for sustainable plantation land management.
2. material and methods 

This study is a quantitative study conducted by sampling litter macrofauna  in rubber plantations in Central Bengkulu Regency, Bengkulu Province, in the period January - April 2024. Determination of research stations or locations using the stratified sampling method , namely based on the age of the rubber plantation, which consists of two locations: an 11-year-old rubber plantation and a 23-year-old rubber plantation (Figure 1).
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Fig 1. Map of research locations in the Rubber Plantation of the Regency Central Bengkulu, Bengkulu (Google Earth, 2024).
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Fig 2. (a). Rubber plantation 11 years, (b). Rubber plantation 23 years
Rubber leaf litter for this study was collected using 3 × 3 m litter traps, with three traps installed per site. The collected litter was oven-dried at 105 °C, weighed to 15 g/litter bag, and placed into 14 × 14 cm litter bags. The litter bags were then deployed on the soil surface of the rubber plantation within 50 × 50 cm plots, spaced 5 meters apart.
Litterbags that had previously been placed on the surface of the plantation soil were taken. Litterbags for the experiment on the rate of decomposition of litter that had been decomposed was taken to the laboratory to be dried in an oven at 105°C until it reached a constant weight. and weighing of litter weight after undergoing decomposition process. After obtaining litter weight data before and after decomposition process, the litter decomposition rate in the rubber plantation was calculated.
Litterbags for decomposed litter macrofauna  extraction were taken to the laboratory for extraction using the Berlese-Tullgren funnel extraction method. The Berlese-Tullgren funnel method was utilized to extract litter macrofauna from the collected leaf litter samples. A 15-watt lamp was positioned above the funnel to generate heat, which encouraged the macrofauna to move downward in search of a cooler environment. Consequently, the organisms migrated to the bottom of the funnel and were trapped in a collection bottle placed underneath. This method effectively facilitated the extraction and collection of litter macrofauna, allowing for subsequent analysis of their abundance, diversity, and community structure. The technique is widely used in ecological studies due to its efficiency in separating macrofauna from decomposing organic matter. The collection bottle containing picric acid was placed in the Berlese-Tullgren funnel. The process of extracting litter macrofauna  using the Berlese-Tullgren funnel was carried out for 3 days or until the extracted litter had dried. Litter macrofauna  collected in the collection bottle was sorted and identified using the identification book guide Borror et al., (1996) , Lilies (1992) and Quigley & Madge (1988) . The species identified in this study were confirmed based on references found in book and journal, which were analyzed and interpreted by the author. The parameters measured in this study include density, relative density, diversity index, evenness index, and dominance index, which are calculated using the following formula (Soegianto, 1994) :
a. Density
D =
b. Relative density
RD =
c. Relative Frequency (RF)


d. Diversity index (H`)
H' = - ∑ pi ln pi
e. Evenness index (J')
J' =  
f. Dominance Index (D)
DI = 1- J'
3. results and discussion

3.1 Richness of Litter Macrofauna  Species in Rubber Plantations with Different Age  Strata

[bookmark: _Hlk182979258]Based on the research results at both rubber plantation locations, 18 types of litter macrofauna  were obtained which were classified into 6 classes, namely Insecta (9 types), Arachnida (5 types), Hirudinea (1 type), Diplopoda (1 type), Chilopoda (1 type), and Oligochaeta (1 type) (Table 1).



Table 1. Types and Presence of Rubber Plantation Litter Macrofauna in Central Bengkulu Regency
	No
	Types of Litter macrofauna 
	Class
	11 years rubber
	Rubber 23 years

	1
	Allonemobius sp
	Insecta
	-
	+

	2
	Blatta sp
	Insecta
	+
	+

	3
	Crematogaster sp
	Insecta
	+
	-

	4
	Leptogenys sp
	Insecta
	+
	+

	5
	Gymnochiromyi a sp
	Insecta
	+
	-

	6
	Isotomiella sp
	Insecta
	+
	+

	7
	Lachesilla sp
	Insecta
	+
	-

	8
	Psytalla sp
	Insecta
	+
	-

	9
	Solenopsis sp
	Insecta
	+
	+

	10
	Attulus sp
	Arachnida
	+
	+

	11
	Diapterobates sp
	Arachnida
	+
	-

	12
	Gonatium sp
	Arachnida
	+
	+

	13
	Lycosa sp
	Arachnida
	-
	+

	14
	Oecobius sp
	Arachnida
	+
	-

	15
	Hirudo sp
	Hirudinea
	+
	-

	16
	Pseudoporatia sp
	Diplopoda
	+
	-

	17
	Scolopendra sp
	Chilopoda
	+
	+

	18
	Fridericia sp
	Oligochaeta
	+
	-

	Total
	16
	9

	Similarity index
	51.8%.
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According to Table 1, the results of this study are consistent with the findings of  Sánchez-Galindo et al., (2022), who reported that soil fauna exhibit a high degree of taxonomic diversity, particularly among oribatid mites, specific groups of collembolans, and millipedes. These organisms are functionally classified as primary and secondary decomposers due to their crucial roles in the breakdown and transformation of organic matter. However, this study recorded fewer litter macrofauna species compared to the study by Younear et al., (2023), who identified 20 species of surface-dwelling macrofauna in rubber plantations. The discrepancy in species richness may be attributed to differences in research focus and sampling methods. While  Younear et al., (2023),  targeted surface-dwelling soil macrofauna using the pitfall trap method, which captures a broader range of fauna due to its wider sampling coverage, this study focused specifically on litter-dwelling fauna using the litterbag method with a 3 mm mesh size. Consequently, the number of species detected was lower, despite both studies being conducted in similar rubber plantation environments.
Comparison of the number of litter macrofauna  species at both locations shows that the 11-year-old rubber plantation location is higher (16 species) compared to the 23-year-old rubber plantation (9 species). This shows that the diversity of species in the younger rubber plantation (11 years) is higher, because the environmental conditions are more supportive of the growth of more diverse basic vegetation, thus providing more diverse opportunities for litter macrofauna  life. This is because the 11-year-old rubber plantation has a canopy that is not too dense, and allows sunlight to reach the ground surface and supports better growth of basic vegetation (Figure 2). The difference in communities between the two locations is also influenced by the large distance between the two locations, which is 2.9 km. This may also cause differences in the types of litter macrofauna  found in the two rubber plantations. 
The level of similarity of the types of litter macrofauna  in both locations can also be seen from the similarity index value of 51.8% (Table 1). This shows that almost half of the types of fauna found in both locations are the same. Of the total 18 types of litter macrofauna  obtained. This similarity may indicate that despite differences in the age of rubber plants, certain environmental factors still support the existence of similar litter macrofauna . In addition, Pariyanto & Destriani (2021) emphasized that the existence of soil fauna in rubber plantations is greatly influenced by environmental conditions, including factors such as humidity and type of vegetation. This supports the finding that despite differences in plant age, similar environmental conditions will also provide certain similarities in the types of litter macrofauna. Through analytical studies,  Zan et al., (2022) demonstrated that the presence of litter macrofauna increased the average rate of decomposition by approximately 65%. 
3.2 Density, Relative Density and Relative Frequency of Litter Macrofauna  in Rubber Plantations of Different Age Strata

Based on the comparison of density data, there are differences in density and relative density of litter macrofauna  in rubber plantations with different age strata. Litter macrofauna  density is higher in 11-year-old rubber plantations compared to 23-year-old rubber plantations. This shows a tendency for decreasing density as the plantation age increases.


Table 2. Density (D) , Relative Density (RD), Relative Frequency (RF) Litter macrofauna  in Rubber Plantations of Different Age Strata
	No
	Type
	Location 11 years
	Location 23 years

	
	
	D
	RD
	RF
	D
	RD
	RF

	1
	Allonemobius sp
	0.00
	0.00
	0.00
	0.06
	2.73
	6.25

	2
	Blatta sp
	0.96
	23.83
	39.58
	0.67
	29.09
	27.08

	3
	Crematogaster sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	4
	Leptogenys sp
	0.38
	9.33
	20.83
	0.29
	12.73
	12.50

	5
	Gymnochiromyia sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	6
	Isotomiella sp
	0.25
	6.22
	10.42
	0.56
	24.55
	16.67

	7
	Lachesilla sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	8
	Psytalla sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	9
	Solenopsis sp
	1.60
	39.90
	41.67
	0.27
	11.82
	12.50

	10
	Attulus sp
	0.02
	0.52
	2.08
	0.02
	0.91
	2.08

	11
	Diapterobates sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	12
	Gonatium sp
	0.08
	2.07
	8.33
	0.02
	0.91
	2.08

	13
	Lycosa sp
	0.00
	0.00
	0.00
	0.08
	3.64
	8.33

	14
	Oecobius sp
	0.08
	2.07
	6.25
	0.00
	0.00
	0.00

	15
	Pseudoporatia sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	16
	Scolopendra sp
	0.46
	11.40
	16.67
	0.31
	13.64
	20.83

	17
	Fridericia sp
	0.04
	1.04
	4.17
	0.00
	0.00
	0.00

	18
	Hirudo sp
	0.02
	0.52
	2.08
	0.00
	0.00
	0.00

	Total
	4.02
	100.00
	
	2.29
	100.00
	




Based on Table 2, the 11-year-old Rubber Plantation shows a total litter macrofauna  density of 4.02 individuals/ Litterbag , higher than the 23-year-old location (2.29 individuals/litterbag). This is also related to the environmental and abiotic conditions of the soil which tend to differ between the two locations. Species with relatively high densities at the 11-year-old location are Solenopsis sp. and Blatta sp. The Solenopsis sp. group has a density of 1.6 individuals/litterbag (KR= 39.90%). This indicates that the highest density of Solenopsis sp. is in the 11-year-old rubber plantation because the habitat is open, in accordance with the environmental conditions of the plantation which has a sparse canopy, so that more sunlight enters the soil surface. The results of the study by Darmi et al., (2015) also stated that Solenopsis sp. is abundant in population in 2-year-old oil palm plantations which are more open, compared to 10, 15, 19 and 23-year-old oil palm plantations. Species abundance is determined by the number of individuals recorded in each habitat. The high species abundance observed in secondary forests can be attributed to favorable environmental conditions, such as the availability of litter and high vegetation diversity, which support the presence of soil insects (Wasis & Sajadad, 2024). 
The genus Blatta sp. has a density of 0.96 individuals/ litterbag (KR= 23.83%). This indicates that Blatta sp. is relatively common in 11-year-old rubber plantations because according to Abudin et al. (2023),  Blatta sp. likes warm, humid places with lots of food. 11-year-old rubber plantations have low canopies (J=sparse) allowing more sunlight to penetrate the soil surface, creating optimal microhabitat conditions for this species. In addition, the higher levels of soil organic matter in this location provide sufficient sources of nutrients and support the sustainability of litter macrofauna  populations.
Other species such as Leptogenys sp. ( KR= 9.33%) and Scolopendra sp. ( KR= 11.40%) are classified as accidental or very rarely found in 11-year rubber plantations. Leptogenys sp. or black ants are active in the morning and evening to avoid high temperatures , while during the day they hide in their nests to avoid exposure to sunlight ((Lilies, 1992 ; Aminudin et al ., 2021)) . Leptogenys sp . is a genus of ants with a low population and is rarely found in oil palm plantations. (Darmi et al ., 2015) . The low population of Scolopendra sp. is related to its nature of life. This animal is usually found on the ground surface and hides in rotten wood, rocks, or litter (Aminudin et al ., 2021) .
In the 23-year Rubber Plantation, the litter macrofauna  at this location has a lower total density, which is 2.29 individuals/litterbag compared to the 11-year rubber plantation location. Several genera that have relatively high densities at this location are Blatta sp., Isotomiella sp. and Scolopendra sp. Blatta sp. remains prominent at this location with (KR=  29.09%) which reflects its adaptability in various habitats. Isotomiella sp is the species with the highest density with (KR = 24.55%). The Collembola order (genus Isotomiella) is known to have tolerance to habitats with lower temperatures (Marcin et al., 2021), in accordance with the environment of this location which has a denser tree canopy and lower soil temperature compared to the 11-year location, and Isotomiella is a soil fauna that is a decomposer. While Scolopendra sp. has a KR of 13.64%. Syahfitri & Lestari (2022) in their study of soil macrofauna on the 44-year-old rubber plantation of PT. Agricinal, found Blatta sp. (99 individuals) and Scolopendra sp. (18 individuals). This shows that the litter macrofauna  is higher in locations with denser canopies and lower temperatures compared to the 11-year-old rubber location.


Table 3. Abiotic Factors of Rubber Plantations at Different Age Strata
	No
	Abiotic factors
	Rubber Plantation 11 Years
	Rubber Plantation 23 Years

	1
	Soil pH of  the rubber plantation
	6.40 ± 0.08
	6.50 ± 0.13

	2
	Soil temperature (°C)
	29.83 ± 2.74
	28.67 ± 3.14

	3
	Litter thickness (cm)
	0.36 ± 0.13
	0.30 ± 0.13

	4
	Soil water content (%)
	26.35 ± 1.85
	26.16 ± 2.59

	5
	Soil Organic Content (%)
	24.52 ± 1.14
	23.65 ± 2.20




Based on Table 3, one important factor observed in this study is soil pH. In the 11-year-old rubber plantation, the soil pH was recorded at 6.40, while in the 23-year-old plantation, it was slightly higher at 6.50. Although the difference is minimal, the pH values in both plantations fall within the optimal range for biological activity, particularly for microorganisms and soil fauna. A pH of 7 or close to neutral is considered favorable for diurnal insect diversity (Ermayani, S., 2021).  Soil acidity can also act as a limiting factor in the distribution of earthworms and influence their population in a given area (Chotimah et al., 2020). 
According to the findings of  Feitosa de Souza et al., (2022), fauna abundance, precipitation, and soil pH play important roles in determining soil quality through the provision of ecosystem services, habitat, and energy, which in turn support the entire soil food web. Thus, observations in agroforestry systems and natural ecosystems help us to understand how land use affects soil fauna and soil quality.

Soil temperature also showed a significant difference between the two plantation ages. The average soil temperature in the 11-year-old plantation reached 29.83°C, whereas in the 23-year-old plantation it was only 28.67°C. Marofauna (insects) are cold-blooded animals (poikilotherms), which allows them to grow more rapidly in tropical climates; however, their growth slows down in colder environments  (Rosinta et al., 2021).
Soil organic matter, an essential indicator of soil fertility and productivity, was found to be higher in the 11-year-old rubber plantation (24.52%) compared to the 23-year-old plantation (23.65%). This greater organic matter content contributes to enhanced microbial activity and nutrient availability for litter macrofauna. These findings are consistent with those of Zan et al., (2021), who demonstrated that soil fauna can significantly increase decomposition rates, largely influenced by initial litter quality, particularly the concentrations of non-structural carbohydrates, nitrogen, lignin, and tannins. At the local scale, there is consensus that litter decomposition is primarily regulated by climate factors (temperature, precipitation and elevation) (Yin et al., 2019). Litter macrofauna are highly responsive to environmental   changes and exert significant influence on soil organic matter (SOM) dynamics  (Angst et al., 2024). 

3.3 Diversity, Evenness and Dominance of Litter macrofauna  in Rubber Plantations  of Different Age Strata

The diversity (H’), evenness (J), and dominance (D) of litter macrofauna  were measured to compare the ecological conditions between rubber plantations of different ages. These indices provide insights into species distribution, relative abundance, and community composition across plantations of different age classes. The comparative values for the 11-year-old and 23-year-old rubber plantations are presented in Table 4.
Table 4. H', J and D Values of Litter macrofauna  in Rubber Plantations of Different Age Strata
	Location
	 (H')
	 (J)
	 (D)

	Rubber 11 years
	1.52
	0.55
	0.45

	Rubber 23 years
	1.79
	0.82
	0.18



The diversity of litter macrofauna  at the two research locations showed different results. The diversity index of litter macrofauna  was higher in the 23-year-old rubber plantation (H'= 1.79) than in the 11-year-old rubber plantation (H'= 1.52), as was the evenness index value . Meanwhile, the dominance index had an inverse relationship with the diversity index value. Location 23 years dominance index value (D) = 0.18, while the 11-year location D = 0.45. The high dominance value at the 11-year rubber plantation location is indicated by the high density value of Solenopsis sp at that location (Table 2). Worker ants can create cavities in the soil, thereby indirectly altering its physical structure. In addition, their foraging and nest-building activities contribute to improving soil fertility in plantation areas (Abdullah., et al, 2023) . 

The comparison shows that the 23-year-old rubber plantation has a litter macrofauna  community that tends to be more balanced compared to the 11-year-old rubber plantation, because the dominance of the 11-year-old rubber plantation is stronger than that of the 23-year-old rubber plantation. Soegianto (1994) stated that the diversity index is an indication of the stability of an ecosystem. The dominance of soil insects in a habitat is influenced by environmental conditions that support their survival, or by their reproductive capacity and the aggressive behavior of dominant soil insect species  (Rohyani et al., 2022). Ecosystems that have a high diversity index are more stable, conversely ecosystems that have a lower diversity index tend to be unstable. The value of the diversity index is directly proportional to the evenness index and inversely proportional to the dominance index. Rubber plants (Hevea brasiliensis) will experience a decrease in production as plants age and the nutrient content in the soil decreases (Harahap  et al., 2024).
Overall, both research locations have a diversity index that is also relatively the same as previous research. The results of Shelinda et al., (2023) on the monoculture land of Dysoxylum alliaceum regarding insect diversity, it is known that the H' value of Insecta is 1.60. Meanwhile, when compared to a stable ecosystem such as in the forest ecosystem, the diversity index value of the two rubber plantation locations is lower. In his research, Tae et al. , (2023) stated that Insecta that live in the soil of the Rafae Forest area, Belu Regency, have a diversity index of 2.14. The low diversity index on monoculture land is due to relatively uniform vegetation. The existence of vegetation is closely related to the existence of fauna (heterotrophic organisms), because directly or indirectly the life of fauna depends on the existence of vegetation in a habitat.

4. Conclusion

This study reveals that the composition and density of litter macrofauna are shaped by the age of rubber plantations and associated microhabitat conditions. The 11-year-old plantation exhibited a higher macrofauna density (4.02 individuals/litterbag) than the 23-year-old site (2.29 individuals/litterbag). Dominant taxa in the younger site, such as Solenopsis sp. and Blatta sp., prefer open habitats with higher light availability and richer organic matter. In contrast, Isotomiella sp.—a collembola genus tolerant to lower temperatures—was more prevalent in the older plantation with denser canopy and cooler soil.

These findings indicate that shifts in vegetation structure over time substantially influence litter macrofauna dynamics, potentially affecting decomposition rates and nutrient cycling in rubber agroforestry systems. To deepen understanding and inform sustainable plantation management, future studies should examine a broader range of plantation ages, seasonal variation, and critical soil parameters, while also investigating the functional roles of dominant fauna in decomposition processes.
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