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ABSTRACT
Background: The forest conversion into agroecosystems is perceived as a threat to biodiversity conservation.
Aims: The study aimed to assess the impact of tropical forest conversion into agricultural land on the communities’ patterns of litter arthropods. We expected that over time the abundance of litter dwelling arthropods and their diversity in plantations would reach similar conditions as in secondary forest.
Study Design: The ﬁeldwork was conducted on two study sites: 1– rubber landscape (secondary forests, 7-, 12- and 25-year-old rubber plantations) and 2– oil palm landscape (secondary forests, 13-, 20- and 39-year-old oil palm plantations). Three sampling areas were defined on each land-use type and age class, for a total of 24 sampling stands.
Place and Duration of Study: The study was conducted in the department of Grand Lahou and La Mé Station with samples collected, respectively, in May 2013 and August-September 2017.
Methodology: Over a 40–50 m transect, litter invertebrates were sampled by using the pitfall traps. Five pitfall traps were realized per stand along the transect, either a total of 120 pitfall traps for the two sites combined.
Results: The abundance of litter dwelling arthropods increased with the ageing of rubber plantations whilst in the oil palm plantations, diversity and the abundance tended to decrease with the increasing age. The biological material showed that oil palm landscapes contained higher abundance and taxonomic richness of invertebrates compared to rubber landscapes, and this due to the strong understory vegetation. The high similarities in taxonomic composition detected between the land use types would be due to specimens’ hierarchical level or identification based on orders. Apart from the rubber plantations, the non-saturation phenomenon of curves was registered for the rest of the land use types, indicating that several orders of the litter dwelling arthropods were not collected in the studied sites. The omnivorous represented the dominant trophic group detected across the two study sites, reflecting their strong capacity for adaptation to biotic and abiotic factors acting on their habitats.
Conclusion: The forests conversion into plantations was characterized by a change in the abundance, taxonomic richness and functional diversity of litter invertebrates. Additionally, the mean taxonomic richness and total abundance of litter dwelling invertebrates are slightly higher in the oil palm landscape compared to rubber tree landscapes. Our ﬁndings suggest the adoption of conservation agriculture in the rubber plantations by reducing the rubber tree density per hectare, and optimizing the understory vegetation
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1. INTRODUCTION
[bookmark: _Hlk206755028][bookmark: _Hlk206755060][bookmark: _Hlk206755082][bookmark: _Hlk206755101][bookmark: _Hlk206755157]Tropical forests are key habitats for diverse organisms, and they are also essential for providing a wide range of ecosystem services (Köhl et al., 2015). They cover 4.06 billion hectares in the world and contain most of the terrestrial biodiversity (Köhl et al., 2015; FAO, 2020). “The litter from forest forms a substantial part of the foundation of the soil food web” (Ashford et al., 2013), and its accumulation provides more structural complexity and creates a habitat for a more diverse range of arthropods (Sayer et al., 2010). “Plant litter plays an important role in controlling soil erosion and runoff” (Vrignon-Brenas et al., 2019). “Despite their important role in biodiversity conservation, 420 million hectares of forest have been destroyed since 1990 (FAO, 2020). In Africa, the annual rate of deforestation between 2010-2020 is estimated at 3.9 million hectares (FAO, 2020). Since independence, Côte d'Ivoire has lost more than 80% of its forest cover (Koné et al., 2014). “The conversion of forests into agrosystems remains the main driver of deforestation. The principal perennial crops that cause deforestation in the country remain cocoa, coffee, rubber and oil palm” (Tondoh et al., 2015; Yéo et al., 2020; Adiko, 2021). Due to growing demand from the population, these crops have boomed in the humid tropics in recent decades.
[bookmark: _Hlk206755202][bookmark: _Hlk206755222][bookmark: _Hlk206755249][bookmark: _Hlk172816500][bookmark: _Hlk172816554][bookmark: _Hlk172816620]“Oil palm is the most expansive crop in the world with an annual growth rate of 9% (Vargas et al., 2015). In Africa, it is cultivated over an area of 16 million hectares (Carron et al., 2015). With an area exceeding 300,000 hectares in Côte d'Ivoire, Ivorian production of crude palm oil reached 560,000 tons in 2019 (Bessou and Dubos, 2020). “Considering the rubber plantations in Côte d’Ivoire, the total area and production in 2016 are estimated at 189,937 ha and 310,655 tons, respectively” (Tondoh et al., 2019). “Despite their major roles in the economy of Côte d'Ivoire, the conversion of forests into monocultural plantations is characterized by an erosion of edaphic biodiversity and the disturbance of biogeochemical cycle” (Foster et al., 2011; Tondoh et al., 2015; Cole et al., 2016; Yéo et al., 2020). “The litter layer of tropical forests supports a significant fraction of total arthropod diversity and on-going conversion of tropical forests to agricultural monocultures constitutes the most important threat to biodiversity and associated ecosystem service” (Beng et al., 2018; Johnson, 2021).
[bookmark: _Hlk172816753]“Indeed, tropical soil and litter arthropod communities are highly diverse and provide a number of important ecosystem services, including the maintenance of soil structure, regulation of hydrological processes, nutrient cycling and decomposition” (Ashford et al., 2013; Cole et al., 2016). “A previous manipulative study focussing on litter-dwelling arthropods found that arthropod abundance is related to forest ﬂoor mass (habitat space), while arthropod diversity is related to forest ﬂoor nutrient concentrations (habitat quality)” (Sayer et al., 2010). “Oil palm plantations are carried out with identical 9 m × 9 m palm spacing in a triangular formation by offsetting every second row” (Luskin and Potts, 2011), for a density of 143 palms trees ha-1. Old palm plantations had signiﬁcantly more buffered microclimates than young plantations and understory vegetation was twice as tall in young plantations, but leaf litter depth and total epiphyte abundance were double in old plantations” (Luskin and Potts, 2011). Considering the rubber plantations, the tree densities recommended for planting are: (i) 510 trees per hectare « 7 m inter-rows and 2.80 m between plants », (ii) 555 trees per hectare « 6 m inter-rows and 3 m between plants », and (iii) 666 trees per hectare « 5 m inter-rows and 3 m between plants » (N’Dri et al., 2022). “Additionally, litter is abundant whilst the understory vegetation is scarce. The maintenance of rubber and oil palm plantations consists in undergrowth regular weeding. The type of vegetation covers and the resulting litter as well as intensive agriculture affect the soil organism’s abundance and diversity” (Elmoghazy and Shawer, 2013). “With the decline of plant diversity in monocultural plantations, the litter thickness is strongly reduced” (Drescher et al., 2016).
“However, little is known about the litter arthropods response to tropical forests conversion into monocultural plantations. The soil and litter fauna has subject to fewer studies than woody plants and vertebrates mainly because of the expertise and time required for the identiﬁcation of very diverse groups” (Moreno et al., 2008). “Understanding the effects of land-use change on the litter arthropods is thus likely to be crucial for understanding and potentially mitigating the impacts of forest conversion on edaphic biodiversity” (Beng et al., 2018). “Thus, the reconciliation between economic interests and ecological sustainability in tropical agricultural landscapes remains an international issue, poorly understood by most farmers (Drescher et al., 2016). “Nonetheless, it may be possible to ﬁnd a sustainable balance between the needs of humans and nature. In fact, conservation agriculture and the related management practices have demonstrated in the last decades to be an efﬁcient tool to combine food productivity with environmental protection around the world” (Conti, 2015; Vrignon-Brenas et al., 2019; Johnson, 2021). The objective of this research was to compare the community patterns of litter arthropods after the establishment of rubber and oil palm plantations in the forest landscape. Specifically, we examine (i) changes in the arthropod abundance, taxonomic richness, diversity, trophic groups and community composition along each chronosequence and land use types, and (ii) assess the effects of land use types and study sites on the litter arthropods properties. We hypothesized that the arthropod abundance, taxonomic richness and diversity would increase with the ageing of the plantations, after a decline consecutive to the forest conversion. We expected that over time the abundance of litter dwelling arthropods and their diversity in plantations would reach similar conditions as in secondary forest.


2. MATERIALS AND METHODS
2.1 Description of the Sites
This research was conducted in 2013 and 2017 through two study sites in Côte d’Ivoire. The first site containing the rubber landscapes is located in the department of Grand Lahou (5°13’N; 5°03’W) situated in southern Côte d’Ivoire about 140 km of Abidjan. The second site, dominated by the oil palm landscape is based in the La Mé Station (5°26’N, 3°50’W) in south-eastern of Côte d’Ivoire, ~30 km from Abidjan (Fig. 1). The climate of the two study sites is an equatorial type. The annual rainfall was about 1,085 mm with an average temperature of 27°C during the fieldwork on the site of Grand Lahou (site 1). “This site is characterized by a rainforest vegetation type, and various land uses such as secondary forests, rural domains and fallow systems (Ettian et al., 2009). It contains various tree species more than 25 m high with several lianas and herbaceous plants. Diospyros spp and Mapania spp. are among the dominant plants. The annual rainfall registered on the La Mé site (site 2) was about 1,915 mm with an average temperature of 27°C. The natural vegetation of this site is ombrophilous type dominated by the woody species Turraeanthus africanus and Heisteria parvifolia” (Traoré and Péné, 2016). “Since the past half century, a part of these forests has been transformed into farmland dominated by the rubber and oil palm plantations. In the rubber plantations, litter is abundant, while undergrowth and herbaceous stratum are absent, even if few species of Elaeis guineensis (Arecaceae), Pueraria phaseoloides (Papilionaceae), Thaumatococcus daniellii (Marantaceae), Uapaca guineensis (Euphorbiaceae), and Turraeanthus africanus (Meliaceae) are observed in some places. Weed species represented the principal understory vegetation in the oil palm plantations” (Traoré and Péné, 2016), and “it was twice as tall in young plantations, but leaf litter depth and total epiphyte abundance were double in the older plantations. The topsoils of the two study sites are ferrallitic type with variable textures” (Perraud, 1971; Yeboua and Ballo, 2000). “Clay, clay sandy, sandy clay and sandy textures characterize the soils of the site of Grand Lahou, whereas clay sandy and sandy textures make up the soils of the site of La Mé. 

2.2 Sampling Layout and Environmental Characteristics
[bookmark: _Hlk188208516]The ﬁeldwork was made respectively on 1–rubber landscape (secondary forest, 7-, 12- and 25-year-old rubber plantations) and 2– oil palm landscape (secondary forest, 13-, 20- and 39-year-old oil palm plantations). 7 years marks the beginning of the latex harvest. At 12 years the plantations reach their maximum production level, whereas at 25 years latex production begins to decrease. After the productive period (35–40 years), rubber trees are uprooted and a new crop is planted after a few years of lying fallow. Oil palm plantations of ages 13, 20 and 39 years, represent the main ecological stages of plantations in the study area. The 13-year-old oil palm plantations characterised the relatively young plantations with an open canopy, whereas the 39-year-old oil palm plantations represented the old plantations with a closed canopy. The ‘‘chronosequence’’ approach was used during the ﬁeldworks, and this allowed for the assessment of the impact of plantations’ spatio-temporal dynamics on the variables being studied (Walker et al., 2010). Three sampling stands were established on each land-use type and age class, for a total of 24 sampling stands (Table 1). On each sampling area, data were collected along a 40–50 m transect. As observed N’Dri et al. (2022), the soils from the secondary forests of Grand Lahou (29.12 ± 3.95%) contained higher moisture than those of the other land use types. The soil bulk density was lower in the secondary forests of Grand Lahou (0.95 ± 0.05 g cm–3) and La Mé (0.91 ± 0.04 g cm–3). Soil pH varied between 4.43 ± 0.08 (secondary forests of Grand Lahou) and 5.37 ± 0.13 (oil palm plantations). Whatever the study site, soil chemical properties were higher in the secondary forests of Grand Lahou (SOC: 22.90 ± 3.31 g kg–1 soil, TN: 2.00 ± 0.29 g kg–1 soil, SOM: 38.93 ± 5.63 g kg–1 soil) and La Mé (SOC: 19.55 ± 1.33 g kg–1 soil, TN: 1.60 ± 0.09 g kg–1 soil, SOM: 33.23 ± 2.27 g kg–1 soil) compared to agroecosystems.

2.3 Litter Dwelling Invertebrates’ Collection
For each of the 24 sampling areas, ﬁve pitfall traps were performed following a 40–50 m transects, with a 10–12.5 m interval between two consecutive pitfall traps (Fig. 2). Thus, in total, 120 pitfall traps were made across the 24 sampling areas to catch and study the litter-dwelling invertebrates. At 48 hours after trapping, the pitfall traps were removed, cleared of mud and other detritus, well labelled and brought back to the laboratory for identiﬁcation. Litter dwelling invertebrates were identiﬁed under binocular loupe (Leica, Wetzlar, Germany) at the taxonomical level of order using the keys and illustrations provided by Bachelier (1978).

2.4 Data Treatment
[bookmark: _Hlk179017605]Data based on adults’ fauna were analysed along each chronosequence. Thereafter, four land use types (SFG secondary forests of Grand Lahou, RBP rubber plantations of 7–25 years, SFL secondary forests of La Mé, and OPP oil palm plantations of 13–39 years) were considered for other analyses. “The total abundance of litter invertebrates was expressed as the mean number of individuals per pitfall trap. Ecological metrics including the mean taxonomic richness, Shannon index, Margalef diversity index and evenness were used to characterize the community’s diversity. The analysis was conducted at the level of order. The similarity was determined using the Sørensen similarity (%). This index may be 0 ≤ SS ≤ 100, where SS =0 indicates samples that do not share any of their taxa and SS =100 represents samples that share all the taxa. Values lower than 50 indicate low similarity and values higher than 50 represent a high similarity and medium similarity if 50 is the value” (Menéndez and Cabrera-Dávila, 2014). Taxa accumulation curves, based on the Mao-Tau procedure of Colwell et al. (2004), were plotted to visualise the relationship between sampling effort and cumulative number of taxa identiﬁed for each land use type (Ashford et al., 2013). “The non-parametric estimators such as the observed taxa (Mao-Tau) and expected taxa (the ﬁrst-order jackknife) were determined in order to assess the discovery rate of the taxa” (Colwell et al., 2004). “In many applications, the jackknife remains popular for variance estimation due to its simplicity, but theoretical guarantees outside the classical fixed-order setting are comparatively scarce. The main insight is that the consistency of the jackknife hinges not on the full structure of the statistic, but rather on a simple asymptotic dominance condition: namely, that the variance of the statistic is dominated by that of its first-order projection” (Juergens, 2025). “In the classical setting (fixed dimension d with sample size n increasing), jackknife debiasing is well-understood, and known to have mixed effects” (Lin et al., 2024). The trophic guilds determined and listed in literature by Yang and Chen (2009) were used to analyze functional groups.

2.5 Statistical Analysis
[bookmark: _Hlk179015486][bookmark: _Hlk179017079][bookmark: _Hlk213619982][bookmark: _Hlk179017274]The values of litter invertebrates’ properties were normalized if necessary, following the formula ln(x+1), after verification of the homogeneity (Bartlett test). A one-way ANOVA followed by the post-hoc Tukey’s test was used to compare the arthropods biological attributes. This analysis was carried out both within and between land use types. All tests were realized using R software version 3.1.3 (Agricolae package). The general linear mixed model (GLMM) was used to explore the effects of land use types and study sites on the abundance, alpha diversity indices and functional groups of litter arthropods by using the software Statistica 7.1 (StatSoft Inc., Tulsa, USA). The cumulative taxa richness was estimated after 500 randomizations by using the software EstimateS 7.5.

3. RESULTS
3.1 Abundance and Diversity of the Litter-dwelling Invertebrates’ Through the Rubber and Oil Palm Chronosequence
The mean abundance of invertebrates in litter did not vary significantly (F= 0.83, p = 0.3690) along the rubber chronosequence. The same trend was registered with the diversity parameters (Table 2). Nonetheless, the abundances increased with the ageing of rubber plantations, and was higher (304 ± 55 individuals per pitfall) in the 25-year-old rubber plantations and lower (99.33 ± 24 individuals per pitfall) in the secondary forests. Considering the oil palm chronosequence, the total mean abundances recorded in the litter did not vary signiﬁcantly (F = 10.21, P = 0.3110). Higher total abundances were observed in secondary forests (39.87 ± 6.64 individuals per pitfall) and in the 13-year-old oil palm plantations (44.00 ± 6.78 individuals per pitfall). These abundances tended to decrease with the ageing of oil palm plantations. Apart from the Shannon–Wiener index (F = 2.00, P = 0.1230) and evenness (F = 1.03, P = 0.3830), the mean taxonomic richness differed signiﬁcantly (F = 2.90, P = 0.042), and decreases with increasing age of oil palm plantations were evident for mean taxonomic richness (13-year-old plantations, 6.2 ± 0.43 taxa; 39-year-old plantations, 4.27 ± 0.58 taxa) and Shannon–Wiener index (20-year-old plantations, 1.17 ± 0.12; 39-year-old plantations, 0.80 ± 0.13).
3.2 Accumulative Curves of the Taxonomic Richness
[bookmark: _Hlk167277074]Respectively, 10, 10, 18 and 17 arthropods orders were recorded in the secondary forests of Grand Lahou, rubber plantations, secondary forests of La Mé and oil palm plantations. The taxa accumulation curves plotted plateaued with the litter arthropods from rubber plantations. For the rest, the phenomenon of non-saturation curves was registered (Fig. 3). The expected taxa richness (the ﬁrst-order jackknife) showed that the total taxa number could reach 13, 10, 23 and 22 taxa, respectively, in the secondary forests of Grand Lahou, rubber plantations, secondary forests of La Mé and oil palm plantations. Thus, the observed taxa would represent 77–100% of the expected taxa.

3.3 Impact of Land Use Types on the Litter-dwelling Invertebrates’ Abundance
Considering the site of Grand Lahou, the litter invertebrate’s abundance was higher in the rubber plantations (28.36 ± 7.27 ind pitfall–1) compared to the secondary forests (11.06 ± 2.48 ind pitfall–1). On the La Mé site, the abundance registered in the secondary forests (39.87 ± 6.64 ind pitfall–1) was relatively similar to those detected in the oil palm plantations (37.02 ± 4.82 ind pitfall–1), but remained higher than the abundances observed on the Grand Lahou site. The abundances did not differ significantly (p > 0.0500) within each land use type, but they varied statistically (F = 11.18; p = 0.0001) through the four land use types (Table 3).
Overall, we recorded 3706 adult individuals grouped into 19 taxa. The litter arthropods registered in the two study sites indicated that the Hymenoptera (55%) and Coleoptera (16%) were the dominants. The abundance of Araneae and Isopoda increased after the transition of secondary forests into rubber and oil palm plantations. However, the reverse trend was detected with the Isoptera. The abundance of Coleoptera (SFG: 1.40 ± 0.28 ind pitfall–1 vs. RBP: 10.91 ± 6.80 ind pitfall–1; SFL: 1.66 ± 0.53 ind pitfall–1 vs. OPP: 0.97 ± 0.21 ind pitfall–1), Diplopoda (SFG: 0.06 ± 0.06 ind pitfall–1 vs. RBP: 0.26 ± 0.09 ind pitfall–1; SFL: 1.60 ± 0.58 ind pitfall–1 vs. OPP: 0.31 ± 0.10 ind pitfall–1) and Hymenoptera (SFG: 4.00 ± 1.15 ind pitfall–1 vs. RBP: 10.17 ± 3.35 ind pitfall–1; SFL: 28.80 ± 6.73 ind pitfall–1 vs. OPP: 23.97 ± 4.02 ind pitfall–1) increased on the Grand Lahou site, and decreased on the La Mé site, respectively, after the transition of the secondary forests into rubber and oil palm plantations. The reverse trend was observed with the abundance of Diptera (SFG: 2.80 ± 1.78 ind pitfall–1 vs. RBP: 0.33 ± 0.11 ind pitfall–1; SFL: 0.26 ± 0.11 ind pitfall–1 vs. OPP: 0.84 ± 0.19 ind pitfall–1) and Hemiptera (SFG: 0.20 ± 0.10 ind pitfall–1 vs. RBP: 0.00 ± 0.00 ind pitfall–1; SFL: 0.06 ± 0.06 ind pitfall–1 vs. OPP: 0.68 ± 0.19 ind pitfall–1). The abundance of Araneae (F = 3.89; p = 0.0134), Collembola (F = 5.06; p = 0.0035), Diplopoda (F = 5.40; p = 0.0024), Hemiptera (F = 5.95; p = 0.0013), Hymenoptera (F = 6.94; p = 0.0004), Isopoda (F = 11.76; p = 0.0001), Orthoptera (F = 4.57; p = 0.0062) and Protura (F = 5.18; p = 0.0031) varied significantly across the land use types.

3.4 Trophic Groups and Effect of the Land Use Types and Sites 
Six trophic groups (fungivorous, carnivorous, phytophagous, omnivorous, detritivorous and saprophagous) characterizing the functional diversity of the litter invertebrates were registered along the land use types. The omnivorous represented 11%, saprophagous 15%, carnivorous 15%, fungivorous 11%, phytophagous 37% and detritivorous 11% of the total taxa recorded. However, the repartition of taxonomic individuals indicated that the omnivorous (37–73%) remained the dominant trophic group (Fig. 4). The intermediate trophic groups were the phytophagous (5–12%), carnivorous (5–17%) and saprophagous (3–39%). The lower groups were the detritivorous (1–6%) and fungivorous (less of 5%). The trophic groups analysis showed that the carnivorous boomed in RBP and OPP. Phytophagous and omnivorous dominated on the La Mé site (SFL; OPP) whilst saprophagous were largely represented in RBP (Fig. 5). Except the saprophagous (F = 1.84, p = 0.1490), the abundance of fungivorous (F = 7.63, p = 0.0002), carnivorous (F = 3.60, p = 0.0188), phytophagous (F = 5.51, p = 0.0021), omnivorous (F = 5.76, p = 0.0016) and detritivorous (F = 9.61, p = 0.0001) differed significantly through the land use types. The land use types (Lut) impacted significantly the abundance of carnivorous and fungivorous (Table 4). Apart from the saprophagous and carnivorous, the other trophic groups were significantly affected by the study sites. Only, the abundance of fungivorous was influenced simultaneously by the study site and land use types.

3.5 Influence of Land Use Types and Sites on the Taxonomic Diversity Indices
The site of La Mé (SFL: 5.40 ± 0.31 taxa; OPP: 5.27 ± 0.31 taxa) was richer in taxa compared to the site of Grand Lahou. The taxonomic richness varied significantly (F = 4.63; p = 0.0151) within the oil palm plantations, except the other land use types, but differed significantly (F = 8.25; p = 0.0001) between the land use types (Table 5). Mean values of the Shannon index were relatively similar across the land use types, and therefore did not change significantly within (all land use types, p > 0.0500) and between (F = 0.26; p = 0.8470) the same one. Values of the Margalef diversity index were higher in SFG (1.25 ± 0.14), SFL (1.37 ± 0.14) and OPP (1.23 ± 0.08). These stands were largely diversified and more heterogeneous in invertebrates. The Margalef diversity index varied significantly (F = 3.31; p = 0.0461) within the oil palm plantations, except the other land use types, but did not differ significantly (F = 2.41; p = 0.0758) between the land use types. Values of evenness were greater on the site of Grand Lahou (SFG: 0.73 ± 0.08; RBP: 0.75 ± 0.04) compared to the site of La Mé. Their values did not vary significantly within (all land use types, p > 0.0500) and between (F = 1.20; p = 0.3170) the land use types. The land use types (Lut) impacted significantly the litter invertebrate’s community, such as the taxonomic richness, Shannon index and the Margalef diversity index (Table 6). Apart from the Shannon index, the other biological parameters were significantly influenced by the study site. The Site × Lut interaction did not affect significantly the litter invertebrate’s community. Values of the similarity estimated by the Sorensen indice between the land use types were very high (67–91%) in the overall analysis (Table 7).

4. DISCUSSION
[bookmark: _Hlk172384923]After forest conversion, the abundance and taxonomic diversity of litter invertebrates differed depending on each type of plantation and chronosequence. Indeed, the increase in total abundance of invertebrates with the increasing age of rubber plantations could be explained by the high availability of trophic resources due to an increase in litter biomass. The research made by N’Dri et al. (2018) on the same rubber plantations showed an increase of litterfall production with the increasing age of rubber plantations (7-year-old rubber plantations: 3.88 ± 0.14 t ha−1 yr−1, 12-year-old rubber plantations: 3.86 ± 0.71 t ha−1 yr−1, 25-year-old rubber plantations: 5.11 ± 0.60 t ha−1 yr−1). The availability of plant residues with the increasing age of rubber plantations allowed the establishment of favorable edaphic microclimate to the development of litter arthropods (Dash and Behera, 2013; N’Dri et al., 2017). The low variation in taxonomic richness with the ageing of rubber plantations may be due to the lack of heterogeneity in the available food resources, given the monospecific characteristics of the orchards. Additionally, the decrease of total mean abundance and average taxonomic richness of litter-dwelling invertebrates with increasing age of the oil palm plantations might be explained by the high presence of forest organic residues in the 13-year-old oil palm plantations, which could be perceived as the trophic resources for litter invertebrates. The high abundance of arthropods in the young oil palm plantations was highlighted by the work of Ghazali et al. (2016), in which the colonisation of young trees with tender leaves by insects was often observed.
[bookmark: _Hlk172386470][bookmark: _Hlk172810627][bookmark: _Hlk172817692][bookmark: _Hlk172817732][bookmark: _Hlk187948160][bookmark: _Hlk172817824]“The forest conversion into monocultural plantations is characterized by a drop of the litter thickness. Litter removal was associated with a signiﬁcant reduction in the abundance and biomass of soil dwelling arthropods” (Foster et al., 2011; Ashford et al., 2013; Cole et al., 2016). “These observations are inconsistent with the results of our study. Indeed, the data shows an increase in the total abundance of arthropods after the secondary forests of Grand Lahou conversion into rubber plantations, whereas on the site of La Mé, arthropod’s abundance did not differ significantly after the establishment of oil palm plantations. This emergence of litter invertebrate in agrosystems would be maintained by the abundance of coleoptera, Diplopoda and hymenoptera in Grand Lahou and, Diptera and hemiptera in La Mé which would increase respectively in rubber and oil palm plantations compared to secondary forests. The increasing in abundance of certain taxa following the forest conversion is in line with several works” (Gbarakoro and Zabbey, 2013; Yabe, 2020). “According to authors, the high density of hymenoptera and other invertebrates could be explained by the fact that these species present a wide climatic and edaphic tolerances. In addition, limited competition between arthropods in the litter favors the coexistence between taxa” (Fitzherbert et al., 2008). “The increasing of invertebrates’ abundance in rubber plantations and their stabilization in oil palm orchards could be explained by the fact that some anthropogenic disturbances can induce quantitative and qualitative modifications within edaphic organisms” (Manu et al., 2013). I”ndeed, in early ecological successions (poor ecosystems), the invertebrate’s abundance can be very high, due to their non-trophic specialization” (Manu et al., 2013). “Another explanation is that plant biomass in rubber and oil palm plantations are much lower than those recorded in the secondary forests” (N’Dri et al., 2018, 2024), so, “the crown of the younger rubber and oil palm tree does not fully cover the soil surface, and the sunlight may directly radiate onto the soil surface promoting the understory vegetation growth, which in turn improve the edaphic microclimate” (Sabrina et al., 2009; Nguyen et al., 2020). 
[bookmark: _Hlk172817843][bookmark: _Hlk172810785][bookmark: _Hlk172817873]“The conversion of tropical forests into agrosystems leads to losses in biodiversity and ecosystem services” (Gérard, 2016; Cole et al., 2016). “These observations are partly similar to the results of the present investigation. Indeed, data analysis shows a relative decrease in mean taxonomic richness and Shannon index of invertebrates in rubber plantations compared to secondary forests. The low taxonomic richness and diversity observed in rubber plantations could be explained by the significant disturbance of habitats through the establishment of plots (tree cutting, clearing, weeding) and plantations management (weeding, application of fertilizers) as indicated” by Mumme et al. (2015). This same trend was observed with ants (Brühl and Eltz, 2010), termites (Foster et al., 2011; Luke et al., 2014), coleoptera (Foster et al., 2011) and arthropods (Cole et al., 2016). “The taxonomic richness slightly higher in the secondary forests of Grand Lahou could be explained by the litter layer, which is more developed, provides higher shelter possibilities for macroinvertebrates against drying and predation, and brings about great diversity in the epigeous fauna because it undergoes a lower selective pressure from the environment” (Menéndez and Cabrera-Dávila, 2014). “This creates a more stable microclimate, with greater availability of resources for soil organisms, particularly omnivorous” (Prescott et al., 2016). “Indeed, the omnivorous represent the dominant trophic group detected across the two study sites, reflecting their strong capacity for adaptation to biotic and abiotic factors acting on their habitats” (Cole et al., 2016).
[bookmark: _Hlk172810942][bookmark: _Hlk172818077][bookmark: _Hlk172818111]Plant diversity is closely linked to animal diversity (Condon et al., 2008). “Our results indicate that the mean taxonomic richness and total abundance of litter dwelling invertebrates are relatively higher in the oil palm landscape with a sand-dominated substrate compared to rubber tree landscapes containing a clay-dominated substrate. This difference would be due to the large litter mass and lower understory vegetation diversification observed under the rubber tree plantations, as compared to the oil palm plantations which contain low litter mass and higher understory plant diversity” (Yéo et al., 2020; N’Dri et al., 2023). “The structure of vegetation is influenced by climate and environmental conditions which in turn impact soil organisms” (Bonari et al., 2017; Drescher et al., 2016). With the decline of understory vegetation in rubber plantations (N’Dri et al., 2023), a simplification of the habitats is noted, which causes the litter invertebrates migration towards more stable environments.
The Sørensen similarity calculated between the land use types showed higher values, indicating several common orders. This could have occurred due to the analysis of the litter dwelling arthropods that was carried out in the higher taxonomic levels (Menéndez and Cabrera-Dávila, 2014). Our results are consistent with the founding of Moreno et al. (2008) in the pine-oak forest. According to authors, the similarity based on higher taxa between the non-managed site and the managed site estimated by Chao–Jaccard and Chao–Sørensen indices was very high (> 0.95) in the overall analysis. Such high similarity reduces the chances of highly divergent evolutionary histories in the taxa represented at each site (Moreno et al., 2008). Apart from the rubber plantation, the accumulation curves reveal that the sampling intensity was not enough to collect all the taxa present in the different land use types. Indeed, the phenomenon of non-saturation of curves was more evident for the rest of the land use types, regarding the analysis carried out for the litter dwelling arthropods. This evidenced that several orders of the litter dwelling arthropods were not collected in the studied sites (Ashford et al., 2013; Menéndez and Cabrera-Dávila, 2014). “All this reinforces the idea that highly diverse communities such as those of edaphic invertebrates tend to be underestimated by a single sampling” method (Moreno et al., 2008).  

5. CONCLUSION
[bookmark: _Hlk172818183]The forests conversion into plantations was characterized by a change in the abundance, taxonomic richness and functional diversity of litter invertebrates. Additionally, the mean taxonomic richness and total abundance of litter dwelling invertebrates are slightly higher in the oil palm landscape compared to rubber tree landscapes. For better conservation of the litter arthropods in rubber plantations, it would be important to practice conservation agriculture by optimizing the understory vegetation. Indeed, the reduction of rubber tree density per hectare leads to higher canopy openness and this promotes understory vegetation emergence, which in turn help maintain high plant diversity by limiting single species dominance.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

[bookmark: _GoBack]REFERENCES
Adiko, A. F. D. (2021). Libéralisation et pauvreté : le cas des producteurs d’hévéa en Côte d’Ivoire. https://orbi.uliege.be/handle/2268/259839. Accessed 02 July 2022
Ashford, O. S., Foster, W. A., Turner, B. L., Sayer, E. J., Sutcliffe, L. & Tanner, E. V. J. (2013). Litter manipulation and the soil arthropod community in a lowland tropical rainforest. Soil Biology and Biochemistry, 62, 5–12. http://dx.doi.org/10.1016/j.soilbio.2013.03.001
Bachelier, G. (1978). La faune des sols, son écologie et son action. ORSTOM, Paris, France
Beng, K. C., Corlett, R. T., & Tomlinson, K. W. (2018). Seasonal changes in the diversity and composition of the litter fauna in native forests and rubber plantations. Scientific Reports, 8. doi:10.1038/s41598-018-28603-7
Bessou, C., & Dubos, B. (2020). Filière palmier à huile en Côte d’Ivoire : Analyse fonctionnelle et diagnostic agronomique. Rapport d’étude Cirad n°2912, réalisé pour le FIRCA et l’AIPH, Montpellier, France
Bonari, G., Migliorini, M., Landi, M., Protano, G., Fanciulli, P. P., & Angiolini, C. (2017). Concordance between plant species, oribatid mites and soil in a Mediterranean stone pine forest. Arthropod-Plant Interact, 11, 61–69. https://doi.org/10. 1007/s11829- 016- 9466-4
Brühl, C. A., & Eltz, T. (2010). Fuelling the biodiversity crisis: species loss of ground-dwelling forest ants in oil palm plantations in Sabah, Malaysia (Borneo). Biodiversity and Conservation, 19, 519–529. doi:10.1007/s10531-009-9596-4
Carron, M. P., Auriac, Q., Snoeck, D., Villenave, C., Blanchart, E., Ribeyre, F., Marichal, R., Darminto, M., & Caliman, J. P. (2015). Spatial heterogeneity of soil quality around mature oil palms receiving mineral fertilization. European Journal of Soil Biology, 66, 24–31. doi:10.1016/j.ejsobi.2014.11.005
Cole, R. J., Holl, K. D., Zahawi, R. A., Wickey, P., & Townsend, A. R. (2016). Leaf litter arthropod responses to tropical forest restoration. Ecology and Evolution, 6, 5158–5168. doi: 10.1002/ece3.2220
Colwell, R. K., Mao, C. X., & Chang, J. (2004). Interpolating, extrapolating, and comparing incidence-based species accumulation curves. Ecology, 85, 2717–2727
Condon, M. A., Scheffer, S. J., Lewis, M. L., & Swensen, S. M. (2008). Hidden neotropical diversity: greater than the sum of its parts. Science, 320, 928–931. doi: 10.1126/science.1155832
Conti, F. D. (2015). Conservation agriculture and soil fauna: only beneﬁts or also potential threats? A review. EC Agriculture, 2.5, 473–482.
Dash, M. C., & Behera, N. (2013). Carbon sequestration and role of earthworms in Indian land uses: a review. The ecoscan, 7, 1–7.
Drescher, J., Rembold, K., Allen, K., Beckschäfer, P., Buchori, D., Clough, Y., Faust, H., Fauzi, A. M., Gunawan, D., Hertel, D., Irawan, B., Jaya, I. N. S., Klamer, B., Kleinn, C., Knohl, A., Kotowska, M. M., Krashevska, V., Krishna, V., Leuschner, C., Lorenz, W., Meijide, A., Melati, D., Nomura, M., Pérez-Cruzado, C., Qaim, M., Siregar, I. Z., Steinebach, S., Tjoa, A., Tscharntke, T., Wick, B., Wiegand, K., Kreft, H., & Scheu, S. (2016). Ecological and socioeconomic functions across tropical land use systems after rainforest conversion. Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 371. http://dx.doi.org/10.1098/rstb.2015.0275
Elmoghazy, M. M. E., & Shawer, S. S. (2013). Relationship between soil diversity and inhabitant mites (Acari). Acarines, 7, 41–45.
Ettian, M. K., Soulemane, O., & Tahou, T. M. (2009). Inﬂuence du régime alimentaire sur l’intervalle de parturition des aulacodes en captivité dans la région de Grand-Lahou (Côte d’Ivoire, Afrique de l’Ouest). J. Anim. Plant Sci., 4, 311–319.
FAO (2020). La FAO présente l’analyse la plus complète des ressources forestières sous une forme novatrice. Objectifs du développement durable (ODD), ONU info. https://news.un.org/fr/story/2020/07/1073501. Accessed 15 May 2022
Fitzherbert, E. B., Struebig, M. J., Morel, A., Danielsen, F., Brülh, C. A., Donald, P. A., & Phalan, B. (2008). How will oil palm expansion affect biodiversity? Trends in Ecology and Evolution, 23, 538–545. doi: 10.1016/j.tree.2008.06.012
Foster, W. A., Snaddon, J. L., Turner, E. C., Fayle, T. M., Cockerill, T. D., Ellwood, M. D. F., Broad, G. R., Chung, A. Y. C., Eggleton, P., Khen, C. V., & Yusah, K. M. (2011). Establishing the evidence base for maintaining biodiversity and ecosystem function in the oil palm landscapes of South East Asia. Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 366, 3277–3291. doi:10.1098/rstb.2011.0041
Gbarakoro, T. N., & Zabbey, N. (2013). Soil mesofauna diversity and responses to agro-herbicide toxicities in rainforest zone of the Niger Delta, Nigeria. Applied Journal of Hygiene, 2, 01–07.
Gérard, A. (2016). Experimental biodiversity enrichment in an oil-palm plantation. Frontiers in Plant Science, 7, 15–38.
Ghazali, A., Asmah, S., Syafiq, M., Yahya, M. S., Aziz, N., Peng, T., Norhisham, A. R., Puan, C. L., Turner, E. C., & Azhar, B. (2016). Effects of monoculture and polyculture farming in oil palm smallholdings on terrestrial arthropod diversity. Journal of Asia–Paciﬁc Entomology, 19, 415–421. doi: 10.1016/j.aspen.2016.04.016
[bookmark: _Hlk213694383]Juergens, J. R. (2025). Jackknife variance estimation for Hájek-dominated generalized U-Statistics. arXiv preprint arXiv:2509.12356 v1 - arxiv.org. 46p
Köhl, M., Lasco, R., Cifuentes, M., Jonsson, Ö., Korhonen, K. T., Philip, M., Navar, J. D. J., & Stinson, G. (2015). Changes in forest production, biomass and carbon: results from the 2015 UN FAO Global Forest Resource Assessment. For. Ecol. Manage., 352, 21–34.
Koné, M., Kouadio, Y. L., Neuba, D. F.R., Malan, D. F., & Coulibaly, L. (2014). Évolution de la couverture forestière de la Côte d’Ivoire des années 1960 au début du 21e siècle. International Journal of Innovation and Applied Studies, 7(2), 782794. 
[bookmark: _Hlk213694420]Lin, L., Su, F., Mou, W., Ding, P., & Wainwright, M. J. (2024). When is it worthwhile to jackknife? Breaking the quadratic barrier for Z-estimators. arXiv preprint arXiv:2411.02909v1. 70p
Luke, S. H., Fayle, T. M., Eggleton, P., Turner, E. C., & Davies, R. G. (2014). Functional structure of ant and termite assemblages in old growth forest, logged forest and oil palm plantation in Malaysian Borneo. Biodiversity and Conservation, 23, 2817–2832. doi:10.1007/s10531-014-0750-2.
Luskin, M. S., & Potts, M. D. (2011). Microclimate and habitat heterogeneity through the oil palm lifecycle. Basic and Applied Ecology, 12, 540–551. doi: 10.1016/j.baae.2011.06.004
Manu, M., Băncilă, R. I., & Onete, M. (2013). Soil mite communities (Acari: Gamasina) from different ecosystem types from Romania. Belg. J. Zool., 143(1), 30–41.
Menéndez, Y. I., & Cabrera-Dávila, G. (2014). Litter macro-fauna in two systems with different land use and husbandry in Cuba. Cuban Journal of Agricultural Science, 48, 181–188.
Moreno, C. E., Téllez, D., Guevara, R., Sánchez-Rojas, G., & Verdú, J. R. (2008). Community level patterns in diverse systems: A case study of litter fauna in a Mexican pine-oak forest using higher taxa surrogates and re-sampling methods. Acta Oecologica, 33, 73–84. doi: 10.1016/j.actao.2007.09.002
Mumme, S., Jochum, M., Brose, U., Haneda, N. F., & Barnes, A. D. (2015). Functional diversity and stability of litter-invertebrate communities following land-use change in Sumatra, Indonesia. Biological Conservation, 191, 750–758. doi: 10.1016/j.biocon.2015.08.033
N’Dri, J. K., Yéo, J. G., & Ahui, J-L. D. S. (2024). Étude de la variabilité spatio-temporelle de la biomasse végétale et des propriétés physico-chimiques et biologiques des sols des paysages de palmier à huile de la station de La Mé, Côte d’Ivoire. REB-PASRES, 8(2), 15–29. 
N’Dri, J. K., Kofﬁ, R. Y., Guéi, A. M., Kouassi, E. Y., Sékongo, A. P., & N’Guessan, K. K. (2023). Conversion of tropical secondary forest into agricultural land: consequences for soil health and environmental stability. Journal of Advances in Natural Sciences, 9, 1–16. https://doi.org/10.24297/jns.v9i.9557
N’Dri, J. K., Koffi, R. Y., Tossa, P. N. E., Manou, S. C. K., Diarra, B. M., & Ady, R. J. K. (2022). Induced response of soil properties and Oribatid mites (Acari, Cryptostigmata) community structure after the conversion of tropical secondary forests into oil palm and rubber plantations. Journal of Advances in Agriculture, 13, 26–49. https://doi.org/10.24297/jaa.v13i.9315
N’Dri, J. K., Guéi, A. M., Edoukou, E. F., Yéo, J. G., N’Guessan, K. K., & Lagerlöf, J. (2018). Can litter production and litter decomposition improve soil properties in the rubber plantations of different ages in Côte d’Ivoire? Nutrient Cycling in Agroecosystems, 111, 203–215. https://doi.org/10.1007/s10705-018-9923-9
N’Dri, J. K., Séka, F. A., Pokou, P. K., N’Da, R. A. G., & Lagerlöf, J. (2017). Abundance and diversity of soil mite (Acari) communities after conversion of tropical secondary forest into rubber plantations in Grand-Lahou, Côte d’Ivoire. Ecological Research, 32, 909–919. doi: 10.1007/s11284-017-1499-3
Nguyen, T. T., Do, T. T., Harper, R., Pham, T. T., Linh, T. V. K., Le, T. S., Thanh, L. B., & Giap, N. X. (2020). Soil health impacts of rubber farming: the implication of conversion of degraded natural forests into monoculture plantations. Agriculture. doi: 10.3390/agriculture10080357
Perraud, A. (1971). Les sols. In: J. M. Avenard, M. Eldln, G. Girard, J. Sircoulon, P. Touchebeuf, J. L. Guillaumet, E. Adjanohoun & A. Perraud (Eds.), le milieu naturel de la Côte d’Ivoire, vol 50 (pp 265–391). Oﬃce de la Recherche Scientiﬁque et Technique Outre-Mer, Paris. 
Prescott, G.W., Gilroy, J. J., Haugaasen, T., Uribe, C. A. M., Foster, W. A., & Edwards, D. P. (2016). Reducing the impacts of Neotropical oil palm development on functional diversity. Biological Conservation, 197, 139–145. http://dx.doi.org/10.1016/j.biocon.2016.02.013
Sabrina, D. T., Hanafi, M. M., Azwady AAN, Mahmud, T. M. M. (2009). Earthworm populations and cast properties in the soils of oil palm plantations. The Malaysian Journal of Soil Science, 13, 29–42.
Sayer, E. J., Sutcliffe, L. M. E., Ross, R. I. C., Tanner, E. V. J. (2010). Arthropod abundance and diversity in a lowland tropical forest floor in Panama: the role of habitat space vs. nutrient concentrations. Biotropica, 42, 194–200.
Tondoh, J. E., Kouamé, F. N., Guéi, A. M., Sey, B., Koné, A. W., & Gnessougou, N. (2015). Ecological changes induced by full-sun cocoa farming in Côte d’Ivoire. Glob. Ecol. Conserv., 3, 575–595.
Tondoh, J. E., Dimobe, K., Guéi, A. M., Adahe, L., Baidai, Y., N’Dri, J. K., & Forkuor, G. (2019). Soil health changes over a 25-year chronosequence from forest to plantations in rubber tree (Hevea brasiliensis) landscapes in southern Côte d’Ivoire: do earthworms play a role? Frontiers in Environmental Science, 7, 73. doi: 10.3389/fenvs.2019.00073.
Traoré, K., & Péné, C. B. (2016). Étude phytoécologique des adventices dans les agroécosystèmes élaeicoles de La Mé et de Dabou, en basse Côte d’Ivoire. J. Appl. BioSci., 104, 10005–10018. doi:10.4314/jab.v104i1.13
Vargas, L. E. P., Laurance, W. F., Clements, G. R., & Edwards, W. (2015). The impacts of oil palm agriculture on Colombia’s biodiversity: what we know and still need to know. Tropical Conservation Science, 8, 828–845. doi:10.1177/194008291500800317
Vrignon-Brenas, S., Gay, F., Ricard, S., Snoeck, D., Perron, T., Mareschal, L., Laclau, J-P., Gohet, E., & Malagoli, P. (2019). Nutrient management of immature rubber plantations. A review. Agronomy for Sustainable Development. https://doi.org/10.1007/s13593-019-0554-6
Walker, L. R., Wardle, D. A., Bardgett, R. D., & Clarkson, B. D. (2010). The use of chronosequences in studies of ecological succession and soil development. Journal of Ecology, 98, 725–736. doi: 10.1111/j.13652745.2010.01664.x
Yabe, A. B. (2020). GIS-modeling of riparian vegetation: A case study in ecosystem services in and along Lierelva as indicated by macroinvertebrates. A Master dissertation, Faculty of Environmental Sciences and Natural Resources Management, Norwegian University of Life Sciences
Yang, X., & Chen, J. (2009). Plant litter quality inﬂuences the contribution of soil fauna to litter decomposition in humid tropical forests, southwestern China. Soil Biology & Biochemistry, 41, 910–918. doi: 10.1016/j.soilbio.2008.12.028
Yeboua, K., & Ballo, K. (2000). Caractéristiques chimiques du sol sous palmeraie. Cahiers Agricultures, 9, 73–76.
Yéo, J. G., N’Dri, J. K., Edoukou, E. F., & Ahui, J-L. D. S. (2020). Changes in surface soil properties and macroinvertebrate communities with the conversion of secondary forests to oil palm (Elaeis guineensis) plantations. Crop and Pasture Science, 71, 837–849
Johnson, R. G. (2021). Strong deep-water formation in Baffin Bay ensured the heavy snowfall that initiated the Last Ice Age in the Northern Hemisphere. JOURNAL OF ADVANCES IN NATURAL SCIENCES, 8, 39–45. https://doi.org/10.24297/jns.v8i.9121







[image: ]
Fig. 1. Location of the two study sites in Côte d’Ivoire, and details of the selected plots for the ﬁeld works
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Fig. 2. Detail of the pitfall trap (A: without; B: with protection) used during the fieldwork.
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Fig. 3. Cumulative curves of observed and expected taxa through the land use types. 
A secondary forest of Grand Lahou, B rubber plantations of 7-25 years, C secondary forests of La Mé, D oil palm plantations of 13-39 years.
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Fig. 4. Relative abundance of trophic guilds determined in the litter invertebrates’ community. 
SFG secondary forests of Grand Lahou, RBP rubber plantations of 7-25 years, SFL secondary forests of La Mé, OPP oil palm plantations of 13-39 years.
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Fig. 5. Change in abundance of the different trophic guilds recorded across the land use types. 
SFG secondary forests of Grand Lahou, RBP rubber plantations of 7-25 years, SFL secondary forests of La Mé, OPP oil palm plantations of 13-39 years. One-way ANOVA test. Means followed by the same lowercase letter are not signiﬁcantly different at the 0.05 level (Tukey’s HSD test)











Table 1. Previous cropping and soil characteristics of the selected plots. 
	
	
	
	
	
	
	
	
	
	
	
	

	Land use types
	Age (years)
	Soil type
	Soil texture
	BD (g cm−3)
	WC (%)
	SOC (g kg−1 soil)
	TN (g kg−1 soil)
	C/N
	SOM (g kg−1 soil)
	pH-H2O
	Previous cropping

	Site of Grand Lahou
	
	
	
	
	
	
	
	
	
	
	

	rubber
	7
	ferrallitic
	sandy clay 
	1.23 ± 0.05
	10.88 ± 1.95
	6.40 ± 0.92
	0.60 ± 0.05
	10.56 ± 0.53
	10.88 ± 1.57
	5.36 ± 0.09
	secondary forest–older palm tree

	rubber
	7
	ferrallitic
	clay sandy 
	1.25 ± 0.04
	7.80 ± 0.53
	8.60 ± 0.80
	0.85 ± 0.08
	10.13 ± 0.08
	14.62 ± 1.37
	6.08 ± 0.06
	secondary forest–coffee 

	rubber
	7
	ferrallitic
	sandy  
	1.33 ± 0.01
	14.36 ± 0.68
	7.50 ± 0.05
	0.72 ± 0.01
	10.35 ± 0.28
	12.75 ± 0.09
	6.17 ± 0.13
	secondary forest–older palm tree 

	rubber
	12
	ferrallitic
	clay 
	1.20 ± 0.01
	12.16 ± 0.40
	7.50 ± 0.05
	0.72 ± 0.01
	10.35 ± 0.28
	12.75 ± 0.09
	4.72 ± 0.01
	secondary forest–older palm tree

	rubber
	12
	ferrallitic
	sandy clay 
	1.11 ± 0.02
	19.47 ± 0.72
	16.40 ± 1.55
	1.45 ± 0.14
	11.32 ± 0.05
	27.88 ± 2.65
	4.84 ± 0.06
	secondary forest

	rubber
	12
	ferrallitic
	sandy clay 
	1.23 ± 0.04
	24.93 ± 3.63
	10.00 ± 0.69
	1.00 ± 0.05
	9.98 ± 0.11
	17.00 ± 1.17
	4.45 ± 0.02
	secondary forest–cocoa 

	rubber
	25
	ferrallitic
	clay 
	1.29 ± 0.01
	13.41 ± 0.01
	13.65 ± 2.56
	1.10 ± 0.17
	12.27 ± 0.41
	23.20 ± 4.36
	4.51 ± 0.10
	secondary forest–older palm tree

	rubber
	25
	ferrallitic
	sandy clay 
	1.32 ± 0.02
	12.55 ± 0.34
	11.82 ± 1.63
	1.05 ± 0.11
	11.19 ± 0.32
	20.10 ± 2.77
	5.24 ± 0.01
	secondary forest 

	rubber
	25
	ferrallitic
	sandy clay 
	1.06 ± 0.01
	34.74 ± 0.95
	8.20 ± 0.57
	0.75 ± 0.02
	10.90 ± 0.35
	13.94 ± 0.98
	4.66 ± 0.01
	secondary forest 

	secondary forest 
	100
	ferrallitic
	sandy clay 
	1.16 ± 0.06
	23.41 ± 2.17
	13.75 ± 1.81
	1.20 ± 0.05
	11.36 ± 0.97
	23.37 ± 3.09
	4.64 ± 0.17
	primary forest 

	secondary forest 
	100
	ferrallitic
	sandy clay 
	0.82 ± 0.01
	36.78 ± 11.10
	32.05 ± 6.32
	2.80 ± 0.57
	11.49 ± 0.11
	54.48 ± 10.74
	4.30 ± 0.17
	primary forest 

	secondary forest 
	100
	ferrallitic
	sandy clay 
	0.86 ± 0.02
	27.17 ± 3.41
	22.90 ± 2.25
	2.00 ± 0.25
	11.54 ± 0.38
	38.93 ± 3.82
	4.50 ± 0.05
	primary forest 

	Site of La Mé
	
	
	
	
	
	
	
	
	
	
	

	oil palm
	13
	ferrallitic
	sandy
	1.42 ± 0.02
	12.50 ± 0.73
	10.05 ± 0.02
	1.05 ± 0.02
	9.58 ± 0.23
	17.08 ± 0.04
	5.28 ± 0.15
	primary forest–older palm tree

	oil palm
	13
	ferrallitic
	sandy
	1.00 ± 0.02
	9.94 ± 2.21
	12.80 ± 1.09
	1.70 ± 0.46
	8.50 ± 1.86
	21.76 ± 1.86
	6.60 ± 0.66
	primary forest–older palm tree

	oil palm
	13
	ferrallitic
	sandy clay 
	1.16 ± 0.08
	10.43 ± 0.96
	11.42 ± 0.53
	1.37 ± 0.21
	8.62 ± 1.00
	19.42 ± 0.90
	5.94 ± 0.40
	primary forest–older palm tree

	oil palm
	20
	ferrallitic
	sandy
	1.05 ± 0.09
	15.73 ± 4.74
	17.50 ± 0.02
	1.80 ± 0.05
	9.74 ± 0.32
	29.75 ± 0.04
	4.80 ± 0.16
	primary forest–older palm tree

	oil palm
	20
	ferrallitic
	sandy
	1.23 ± 0.09
	10.97 ± 0.81
	23.90 ± 0.57
	0.90 ± 0.05
	26.86 ± 2.37
	40.63 ± 0.98
	5.02 ± 0.12
	primary forest–older palm tree

	oil palm
	20
	ferrallitic
	sandy clay 
	0.92 ± 0.07
	22.32 ± 1.67
	11.10 ± 0.63
	1.35 ± 1.57
	8.22 ± 0.47
	18.87 ± 1.07
	4.91 ± 0.02
	primary forest–older palm tree

	oil palm
	39
	ferrallitic
	sandy clay 
	1.37 ± 0.05
	10.50 ± 0.15
	19.55 ± 2.16
	0.90 ± 0.05
	21.59 ± 1.02
	33.23 ± 3.68
	4.98 ± 0.05
	primary forest–maize–fallow

	oil palm
	39
	ferrallitic
	sandy clay 
	1.15 ± 0.05
	7.45 ± 1.16
	27.90 ± 3.52
	2.10 ± 0.28
	13.32 ± 0.15
	47.43 ± 5.98
	5.57 ± 0.02
	primary forest–cassava–fallow

	oil palm
	39
	ferrallitic
	sandy clay 
	0.59 ± 0.09
	24.06 ± 7.84
	11.20 ± 0.80
	1.50 ± 0.17
	7.54 ± 0.33
	19.04 ± 1.37
	5.27 ± 0.01
	primary forest

	secondary forest 
	150
	ferrallitic
	sandy clay 
	1.00 ± 0.07
	13.30 ± 3.17
	15.85 ± 1.64
	1.45 ± 0.20
	11.04 ± 0.41
	26.94 ± 2.79
	5.43 ± 0.26
	primary forest

	secondary forest 
	150
	ferrallitic
	sandy clay 
	0.96 ± 0.07
	9.87 ± 1.68
	23.25 ± 1.58
	1.75 ± 0.14
	13.31 ± 0.19
	39.52 ± 2.69
	4.57 ± 0.01
	primary forest

	secondary forest 
	150
	ferrallitic
	sandy clay 
	0.76 ± 0.02
	12.88 ± 1.12
	19.55 ± 1.61
	1.60 ± 0.17
	12.28 ± 0.32
	33.23 ± 2.74
	5.00 ± 0.13
	primary forest

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


BD bulk density, WC water content, TN total nitrogen, SOC soil organic carbon, SOM soil organic matter, pH-H2O potential of hydrogen-water, C/N carbon nitrogen ratio








Table 2. Abundance (individuals per pitfall) and diversity of litter-dwelling invertebrates registered along the chronosequence 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Abundance
	Taxonomic richness
	Shannon index
	Evenness

	SFG
	99.33
	±
	24a
	9.00
	±
	0.00a
	1.58
	±
	0.07a
	0.72
	±
	0.01a

	R7
	200.00
	±
	32a
	8.33
	±
	0.88a
	1.32
	±
	0.19a
	0.63
	±
	0.05a

	R12
	240.00
	±
	39a
	8.33
	±
	0.88a
	1.15
	±
	0.14a
	0.55
	±
	0.04a

	R25
	304.00
	±
	55a
	7.67
	±
	0.33a
	0.98
	±
	0.09a
	0.48
	±
	0.02a

	P value
	0.3690
	0.5700
	0.0640
	0.1310

	SFL
	39.87
	±
	6.64a
	5.40
	±
	0.31ab
	1.03
	±
	0.13a
	0.61
	±
	0.07a

	OP13
	44.00
	±
	6.78a
	6.20
	±
	0.43a
	1.16
	±
	0.11a
	0.64
	±
	0.05a

	OP20
	35.33
	±
	9.09a
	5.33
	±
	0.50ab
	1.17
	±
	0.12a
	0.72
	±
	0.05a

	OP39
	31.73
	±
	6.52a
	4.27
	±
	0.58b
	0.80
	±
	0.13a
	0.58
	±
	0.07a

	P value
	0.3110
	0.0420*
	0.1230
	0.3830

	
	
	
	
	
	
	
	
	
	
	
	
	



SFG secondary forests of Grand Lahou, R7 7-year-old rubber plantations, R12 12-year-old rubber plantations, R25 25-year-old rubber plantations, SFL secondary forests of La Mé, OP13 13-year-old oil palm plantations, OP20 20-year-old oil palm plantations, OP39 39-year-old oil palm plantations. N = 120; one-way ANOVA test. 
*P < 0.05 Within columns, means followed by the same letter are not signiﬁcantly different at P = 0.05 level (Tukey’s HSD test). 








Table 3. Abundance (means with standard errors in parentheses) of litter-dwelling invertebrates identified through the land use types 
	
	
	
	
	
	

	
	Litter dwelling (Individuals per pitfall)
	 

	 Taxa
	SFG
	RBP
	SFL
	OPP
	P value

	Araneae2 
	   1.33 (0.31)b
	   4.73 (1.31)a
	   1.60 (0.48)b
	   3.71 (0.41)ab
	0.0134*

	Chilopoda2
	    0.00 (0.00)a
	  0.08 (0.04)a
	   0.20 (0.14)a
	   0.02 (0.02)a
	0.2703

	Coleoptera3
	   1.40 (0.28)a
	   10.91 (6.80)a
	   1.66 (0.53)a
	  0.97 (0.21)a
	0.1363

	Collembola6
	   0.00 (0.00)b
	  0.00 (0.00)b
	   0.13 (0.09)ab
	 0.37 (0.11)a
	0.0035**

	Dictyoptera3
	    0.00 (0.00)a
	   0.00 (0.00)a
	   0.06 (0.06)a
	  0.00 (0.00)a
	0.3997

	Diplopoda4
	   0.06 (0.06)b
	   0.26 (0.09)b
	   1.60 (0.58)a
	   0.31 (0.10)b
	0.0024**

	Diplura2 
	    0.00 (0.00)a
	    0.00 (0.00)a
	   0.26 (0.20)a
	   0.08 (0.05)a
	0.2524

	Diptera5 
	   2.80 (1.78)a
	   0.33 (0.11)a
	    0.26 (0.11)a
	  0.84 (0.19)a
	0.1722

	Hemiptera1
	   0.20 (0.10)b
	    0.00 (0.00)b
	  0.06 (0.06)b
	   0.68 (0.19)a
	0.0013**

	Homoptera1
	   0.00 (0.00)a
	    0.00 (0.00)a
	   0.13 (0.13)a
	   0.02 (0.02)a
	0.4511

	Hymenoptera5
	    4.00 (1.15)c
	   10.17 (3.35)bc
	   28.80 (6.73)a
	    23.97 (4.02)ab
	0.0004***

	Isopoda4
	   0.06 (0.06)b
	   0.11 (0.04)b
	    0.60 (0.21)b
	   1.26 (0.26)a
	0.0001***

	Isoptera3 
	   0.26 (0.20)a
	    0.08 (0.05)a
	  0.40 (0.23)a
	   0.13 (0.06)a
	0.5274

	Lepidoptera1
	  0.00 (0.00)a
	    0.00 (0.00)a
	   0.00 (0.00)a
	  0.02 (0.02)a
	0.3997

	Mollusca1 
	  0.06 (0.06)a
	   0.06 (0.03)a
	   0.06 (0.06)a
	   0.00 (0.00)a
	0.7270

	Orthoptera1
	    0.86 (0.29)b
	    1.57 (0.29)ab
	    3.53 (1.09)a
	   3.42 (0.63)a
	0.0062**

	Protura6 
	  0.00 (0.00)b
	  0.00 (0.00)b
	   0.26 (0.15)ab
	   1.11 (0.47)a
	0.0031**

	Thysanura1
	    0.00 (0.00)a
	   0.00 (0.00)a
	   0.06 (0.06)a
	   0.02 (0.02)a
	0.4991

	Trichoptera1
	   0.00 (0.00)a
	   0.00 (0.00)a
	    0.13 (0.09)a
	   0.02 (0.02)a
	0.1464

	Total abundance
	   11.06 (2.48)a
	   28.36 (7.27)b
	   39.87 (6.64)b
	    37.02 (4.82)b
	0.0001***

	 
	 
	 
	 
	 
	 


SFG secondary forests of Grand Lahou, RBP rubber plantations of 7-25 years, SFL secondary forests of La Mé, OPP oil palm plantations of 13-39 years. Phytophagous1, Carnivorous2, Saprophagous3, Detritivorous4, Omnivorous5, Fungivorous6. N = 120; one-way ANOVA test. 
*P < 0.05; **P < 0.01; ***P < 0.001 Within rows, means followed by the same letter are not signiﬁcantly different at P = 0.05 level (Tukey’s HSD test). 












Table 4. Anova table of general linear mixed model (GLMM) effects on litter trophic guilds across the site and land use type. F-values and the corresponding p-values are displayed.
	
	
	
	
	
	
	
	

	 
	 
	Litter dwelling

	
	
	Carnivorous
	Detritivorous
	Fungivorous
	Phytophagous
	Omnivorous
	Saprophagous

	Factors
	df
	F
	F
	F
	F
	F
	F

	Site
	1
	0.31
	24.57***
	10.73**
	16.26***
	14.09***
	2.1

	Lut
	3
	5.41**
	0.44
	3.25*
	0.49
	0.52
	1.63

	Site × Lut
	3
	1.91
	0.68
	3.25*
	1.85
	0.52
	1.76

	 
	 
	 
	 
	 
	 
	 
	 


* P < 0.05, ** P < 0.01, *** P < 0.001


















Table 5. Diversity index values (mean ± standard error) of litter-dwelling invertebrates observed across the land-use types
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Litter dwelling
	

	Biological parameters
	SFG
	RBP
	SFL
	OPP
	P value

	Mean taxonomic richness
	3.86
	±
	0.41a
	3.44
	±
	0.16a
	5.40
	±
	0.31b
	5.27
	±
	0.31b
	0.0001***

	Shannon–Wiener index 
	1.02
	±
	0.13a
	0.93
	±
	0.06a
	1.03
	±
	0.13a
	1.04
	±
	0.08a
	0.8470

	Margalef diversity index
	1.25
	±
	0.14a
	0.95
	±
	0.08a
	1.37
	±
	0.14a
	1.23
	±
	0.08a
	0.0758

	Evenness J
	0.73
	±
	0.08a
	0.75
	±
	0.04a
	0.61
	±
	0.07a
	0.64
	±
	0.03a
	0.3170

	
	
	
	
	
	
	
	
	
	
	
	
	
	


SFG secondary forests of Grand Lahou, RBP rubber plantations of 7-25 years, SFL secondary forests of La Mé, OPP oil palm plantations of 13-39 years. N = 120; one-way ANOVA test.
*** P < 0.001; different superscript lowercase letters indicate significant variations between the land use types (Tukey’s HSD test)


					
Table 6. Anova table of general linear mixed model (GLMM) effects on litter biological parameters across the site and land use type. F-values and the corresponding p-values are displayed.
	
	
	
	
	
	
	

	 
	 
	Litter dwelling

	
	
	Abundance
	Mean taxonomic richness
	Shannon–Wiener index
	Margalef diversity index
	Evenness

	Factors
	df
	F
	F
	F
	F
	F

	Site
	1
	4.16*
	38.99***
	1.23
	7.12**
	5.31*

	Lut
	3
	0.32
	3.72*
	2.92*
	4.10**
	1.45

	Site × Lut
	3
	1.14
	1.02
	0.31
	0.52
	0.16

	 
	 
	 
	 
	 
	 
	 



* P < 0.05, ** P < 0.01, *** P < 0.001











Table 7. Similarity in the taxonomic composition calculated between the land use types.

	 
	 

	Land use types 
selected
	Sørensen 
similarity (%)

	SFG–RBP
	90

	SFG–SFL
	71

	SFG–OPP
	67

	RBP–SFL
	71

	RBP–OPP
	67

	SFL–OPP
	91

	
	



SFG secondary forests of Grand Lahou, RBP rubber plantations of 7-25 years, SFL secondary forests of La Mé, OPP oil palm plantations of 13-39 years.
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