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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 of litter invertebrates.
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 biological material showed that oil palm landscapes contained a high abundance and taxonomic richness of invertebrates, and this due to the strong understory vegetation. The strong similarity in the taxonomic composition of the two study sites would be due to higher taxonomic levels of invertebrates based the 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.	Comment by Microsoft Office User: I think the results would benefit from being presented in relation to the transformation gradients and years of the plantations.	Comment by Microsoft Office User: High with respect to what? To the other landscape?	Comment by Microsoft Office User: This is not very clear!! Please rewrite.
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: _Hlk206755134][bookmark: _Hlk206755157]Forests are defined as biological communities and therefore represent the biotic part of the ecosystem. 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). With more than 16 million hectares at the beginning of the 20th century, the remaining areas of forest in Côte d'Ivoire only represent around 2.97 million hectares (IFFN, 2021). 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.	Comment by Microsoft Office User: This isn't fully understood. I recommend starting your manuscript with a different idea. Define what forests really are according to some author and perhaps highlight the diversity they are estimated to harbor.
[bookmark: _Hlk206755202][bookmark: _Hlk206755222][bookmark: _Hlk206755249][bookmark: _Hlk172816500][bookmark: _Hlk206755276][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, the global area increased to 12.5 million hectares in 2018 (Tondoh et al., 2019). In Côte d’Ivoire, rubber cultivation covers 650,000 hectares, with a production of 990,000 tons of natural rubber (Ndiaye and Fainke, 2020). 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 services (Beng et al., 2018).
[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). However, little is known about the litter arthropods response to tropical forests conversion into monocultural plantations. The soil and litter fauna has been the subject of 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).
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 changes in the arthropod abundance, taxonomic richness, diversity, trophic groups and community composition, and 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 will be higher in the secondary forests compared to agroecosystems.	Comment by Microsoft Office User: I believe the introduction would be improved by adding a theoretical framework related to how conversion, and especially the time of conversion, can alter the attributes of the communities you studied. For example, what you expect when comparing a secondary forest with an agroecosystem that has been converted to monoculture for 5 or 50 years. This is important because it can help readers understand the gap you are filling.

I think you could also add something related to how the differential vegetation structure or management of the two types of crops can affect these community attributes you measured. For example, do some of these crops have a more dense canopy than the other or produce more litter due to the type of primary plant or the dynamics of the agricultural cycle?

With these two points, you could greatly improve the introduction of your manuscript.

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). 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 Koffi (2019), 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). Identiﬁcation to order was considered sufﬁcient since higher taxonomic levels act as reliable surrogates for patterns of species richness (Ashford et al., 2013).	Comment by Microsoft Office User: This is highly debatable, but it doesn't diminish the importance of your study. However, keep in mind that the amount of information you lose by not having information at a lower hierarchical level is significant. You must be very careful when drawing inferences and conclusions.

2.4 Data Treatment
[bookmark: _Hlk179017605]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) and only adults’ fauna was considered during the data analysis. The total abundance of litter invertebrates was expressed as the mean number of individuals per pitfall trap. The taxonomic abundance was also studied. Ecological metrics including the mean taxonomic richness, Shannon index, Margalef diversity index and evenness were used to characterize the community’s diversity. The similarity indicator was calculated, which compares the land use types, for the measurement of the β-diversity, in other words, the replacement of taxa between land use types (Menéndez and Cabrera-Dávila, 2014). The analysis was conducted at the level of order. Thus, the qualitative 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). Thereafter, the Sørensen dissimilarity index expressed in percentages (Chao et al., 2005) was used to characterize the β-diversity or the turnover. 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). The trophic guilds were used to analyze functional groups (Yéo et al., 2020).	Comment by Microsoft Office User: This may be redundant with the previous sentence.	Comment by Microsoft Office User: Regarding their determination at the order level, it is highly debatable whether they use diversity indices based on species and their abundance. But I understand their reasons for doing so.

Now, it is important to review the current conceptual framework used to analyze species diversity. It is more appropriate, for several reasons, to use the framework related to Hill numbers, or what is known as the "effective number of species" or "true diversity." I highly recommend that you review these studies and consider analyzing your data from this perspective.

Studies:
Jost, L. 2006 Entropy and diversity. Oikos, 113: 363–375.

Chao, A. & Jost, L. (2012) Coverage-based rarefaction and extrapolation: standardizing samples by completeness rather than size. Ecology, 93, 2533–2547.	Comment by Microsoft Office User: review:
Baselga, A. 2010. Partitioning the turnover and nestedness components of beta diversity. Global Ecology and Biogeography. 19, 134-143.	Comment by Microsoft Office User: Are you sure it's qualitative?
If you calculate a similarity index, I consider it quantitative.	Comment by Microsoft Office User: It's not entirely clear why this is complementary to the previous one. If it's redundant, I recommend removing it.	Comment by Microsoft Office User: Please indicate why you used this estimator and not the other available ones?	Comment by Microsoft Office User: Describe the type of guilds you determined, and what criteria you used. For example, predators, herbivores, etc. Based on what characteristics or previous classification.

2.5 Statistical Analysis
[bookmark: _Hlk179015486][bookmark: _Hlk179017079][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 characteristics. 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 litter arthropods communities 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. Thereafter, the first-order jackknife non-parametric estimator was used to determine the expected taxa richness (Colwell et al., 2004).	Comment by Microsoft Office User: Calling this by its name, which is "community attributes." Characteristics of arthropods suggests that they are morphological measurements.	Comment by Microsoft Office User: Please indicate whether you tested the effects on all alpha diversity indices, but also on beta diversity indices.	Comment by Microsoft Office User: This has already been mentioned previously.

3. RESULTS
3.1 Accumulative Curves of the Taxonomic Richness
[bookmark: _Hlk167277074]Respectively, 10, 10, 18 and 17 arthropods taxa 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.	Comment by Microsoft Office User: Looking at the accumulation curve and thinking about the design, the number of traps you set, and the number of arthropod orders you have, I wonder if it wouldn't be more interesting to separate the estimates for each type of crop in different years. I think you could decipher quite interesting patterns about the saturation of orders over time since the crop was implemented, and ask yourself if the number or identity of organisms is similar between a long-established crop and a secondary forest, for example.

3.2 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 (all land use types, p > 0.0500) within the land use types, but they varied statistically (F = 11.18; p = 0.0001) through the same one (Table 2).	Comment by Microsoft Office User: These values ​​are marginally significant; they are at the threshold. Consider discussing this if you haven't already. The variation between land uses may indicate patterns associated with geography, for example, that may be important to discuss.	Comment by Microsoft Office User: This isn't very clear. Please rewrite.
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.

3.3 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 3). Apart from the saprophagous and carnivorous, the other trophic groups were significantly affected by the study sites. Only, the abundance of fungivorous was significantly influenced by the Site × Lut interaction.	Comment by Microsoft Office User: It is appropriate to mention the coding and interactions you tested in your models in the data analysis section rather than in the results.

3.4 Taxonomic Diversity Indices and Effect of the Land Use Types and Sites 
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 4). 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 5). 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 6).	Comment by Microsoft Office User: Consider developing and further describing beta diversity patterns. This component of diversity can reveal patterns of community structure that are interesting in the context of your design.

4. DISCUSSION
[bookmark: _Hlk172384923][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). Indeed, 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 density and biomass of trees in rubber (density: 510–666 trees ha–1; biomass: 398 t ha–1) and oil palm plantations (density: 143 trees ha–1; biomass: 74–105 t ha–1) are much lower than those recorded in the secondary forests of Grand Lahou (density: 540 trees ha–1; biomass: 946 t ha–1) and La Mé (density: 532 trees ha–1; biomass: 924 t ha–1), 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 (Manhan, 2015; Séka, 2016; Ahui, 2018; Yéo, 2018). 	Comment by Microsoft Office User: There are important points to mention in the discussion of your main result. Finding a pattern of increases in the total abundance of organisms when converting a natural ecosystem to a managed one can mislead decision-makers into believing that they can transform the landscape without negative repercussions, which is a very delicate matter, given that what we want is to conserve what little we have left.

Their positive control is a secondary forest, which is very far from the conditions of a natural tropical forest, which already implies that comparisons with a crop must be made with caution. Now, since there is no clear conceptual framework for understanding how the transformation to very specific crops like rubber and palm changes the conditions of the litter and soil, the reader cannot fully understand why there is an increase in the number of taxa. For example, a crop where there are many plants per unit area, mainly trees, is likely to generate a much greater amount of litter than a natural forest, which understandably causes an increase in certain taxa, which become dominant in this new habitat and hence the high abundance values. This does not imply that they are better; there is only one group that is highly dominant, possibly an invasive or very generalist species. This should be discussed.
[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.
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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 (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 3. 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 4. 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 5. 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 6. Indexes of community calculated between the land use types.
	 
	 
	 

	
	Community indexes (%)

	Land use types selected
	Sorensen similarity
	β diversity

	SFG–RBP
	90
	10

	SFG–SFL
	71
	29

	SFG–OPP
	67
	33

	RBP–SFL
	71
	29

	RBP–OPP
	67
	33

	SFL–OPP
	91
	9



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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