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Original Research Article
Soil-dwelling Macro-invertebrates in Cocoa Plantations Invaded by the Little Fire Ant and neighboring Secondary Forest in Mbalmayo Reserve Forest (Centre-Cameroon)

ABSTRACT 

	Agroforestry leads to the degradation of natural forests, floral and faunal biodiversity. Little information exists on faunal functioning in agroforestry environments invaded by exotic pests compared to natural environments. Ecological survey was conducted from September to November 2023 in Mbalmayo Reserve Forest (Centre-Cameroon), the community structure and functionning of macro-invertebrates in cocoa plantations invaded by the little fire ant, were compared to the situation in neighbouring secondary forest. Baits, pitfall, and quadrats allowed collection of 129,916 specimens of seven classes, 18 orders, 39 families, and 82 species. Insecta was mostly abundant (cocoa plantations: 92.7%, secondary forest: 6.97%, pooled sites: 99.7%), as well as Hymenoptera (cocoa plantations: 92.6%, secondary forest: 6.80% of 13 species, pooled sites: 99.4% of 14 species). Cocoa plantations and secondary forest presented each low species richness, diversity, and evenness, and a high dominance by a few species. Cocoa plantations presented more exotic species (92.9%, 25 species) while secondary forest showed mostly natives of unknown pest status and few native pests. The little fire ant was abundant (92.6%) and dominant exclusively in cocoa plantations. Pheidole megacephala Fabricius, 1793 (Formicidae)co-occurred with the little fire ant and in both sites. A low dissimilarity was noted between the two sites. The change in species composition from cocoa plantations to secondary forest was relatively large. Armadillidium vulgare Latreille, 1804 (Armadillidiidae) and Wasmannia auropunctata Roger, 1863 (Formicidae) were good indicators of disturbed environments. Assemblage functionned on the basis of maintaining a multi-species network developed in time and space for the circulation of the information, but with a weak force of regeneration. The secondary forest undergrowth was unfavorable for exotics and in-depth studies would be conducted on the behavior of natives in relation to the progression of invasions, since cases of repellency have been recorded.
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1. INTRODUCTION
Theobroma cacao L., 1753 (Malvales: Sterculiceae) is an perennial plant native to the South tropical America, domesticated in the Upper Amazon (Díaz-Valderrama et al., 2020). It was introduced to Africa in colonial plantations (Laird et al., 2007; NCCB, 2025). It is mostly cultivated in West Africa and parts of Asia (MBile et al., 2009; Gockowski & Sonwa, 2011; Wessel & Quist-Wessel, 2015; Guéi et al., 2019; Abdulai et al., 2020; Dada & Hahn, 2020; Díaz-Valderrama et al., 2020; Tschora & Cherubini, 2020). In Cameroon, plots of land are initially cleared for agriculture (slash-and-burn). Often abandoned after few harvests, they evolve into fallows, eventually become secondary forest over time, resulting in a “landscape mosaic system”, of primary forest units, secondary forest, fallows of all ages, crop fields, dotted perennial plantations and dwellings with their own gardens (Yemefack et al., 2005; Njomgang et al., 2011). Cocoa plantations are never abandoned. The spacing between plants is such that in old plantations, branches intertwine, and foliage forms a little sunlighted undergrowth cleared of weeds every year (MBile et al., 2009; Mingang et al., 2022). Old cocoa farms are shade-grown (under carefully managed tree cover, often but not always within forests). In addition, cocoa plantations are cleared every year of weeds, making the undergrowth different from the neighboring secondary or primary forests. The negative influence of deforestation linked to the expansion of cocoa plantations is widely reported. For illustration between 2002 and 2023, 976 ha of primary rainforest have been lost in Cameroon, representing 49% of the total tree cover loss and the total area of primary rainforest decreased by 5.1% (GFW, 2025). Deforestation is particularly worrying in tropical rain forest zone since about 80% of forest cover has disappeared in Côte d’Ivoire and Ghana in recent decades, very often due to the expansion of cocoa farming (Lescuyer et al., 2024). A similar alarming trend has been reported in the Mbalmayo Reserve Forest (Centre-Cameroon) where dynamics of the forest cover have been reported undergoing more changes between years 1990-2005 with the loss estimated at 4,762 ha compared to years 2005-2020 (2,231 ha), and a decrease in the area of dense forests (Mingang et al., 2022). The regression is much more important in dense forest vegetation, with the forest cover lost estimated at 6,993 ha (26.9%) of its surface, which corresponded to an average rate of deforestation of 233.1 ha/year, leading to the loss in floral and animal biodiversity, altering ecosystem services and changing habitats (Haines-Young, 2009; GFW, 2025). Several exotic species have developed a biology allowing them to hide in human luggage, to be introduced over long distances or new countries following anthropogenic activities (Hillerislambers et al., 2013; Prakash & Verma, 2022). In invaded areas, reproductive females, manage to hide in the rhytidome of tubers, in soil stuck to the surface of tubers, or even in nursery soil, and be transferred to new areas. This is the case of the invasive pest Wasmannia auropunctata Roger, 1863 (Formicidae), intensionally introduced in the past into cocoa fields in Bidou II (South-Cameroon) to combat mirid attacks (de Miré, 1969) and which is spreading to other cocoa plots in southern Cameroon. The tranfert of pest ants is documented as through the transfer of plants, exchanges of tubers, and household waste spread in distant fields as natural fertilizers (Le Breton et al. 2003; Tindo et al., 2012; Mbenoun Masse et al., 2011, 2017, 2019, 2021; Fokam Payi et al., 2025). Mbalmayo Rerserve Forest (MRF) presents all ecological conditions favorable to exotic pests in general and according to Goldman et al., (2008) the understanding of the fundamental link between land use and biodiversity is very vital for conservation. Since the introduction of W. auropunctata in Cameroon, numerous studies documented its behaviour, ecology and impact on local ant communities in agroecosystems and in urban area (Tindo et al., 2012, Mbenoun Masse et al., 2011, 2017, 2019, 2021; Fokam Payi et al., 2025). But little is known about its evolution in secondary and/or natural forests. Additionally, no comprehensive study has been conducted to assess its impact on soil-dwelling macro-invertebrates other than ants in agroforest ecosystems. The present study contributes in filling gaps of information by comparing biodiversity and community structure of soil-dwelling macro-invertebrates in cocoa plantations invaded by the little fire ant to the situation in neighbouring secondary forest in MRF (Centre-Cameroon).
2. MATERIALS AND METHODS 

2.1 Study Site, Experimental Device and Procedure
Field investigations were set up from September to November 2023 in the northern part of Mbalmayo Reserve Forest (MRF) (3°18’N, 11°22’E and 3°38’N, 11°32’E) where research activities were authorized (Fig. 1A, 1B and 1C). The prevailing climate is clairely summarized by Fakam Payi et al. (2025) and the landscape is a mosaic of degraded vegetation types, dotted with plots of mixed food crops, fallows, and small plots of pereneal plants including cocoa plantations (Mingang et al., 2022). sites formerly invaded by W. auropunctata (see Tindo et al., 2012; Mbenoun Masse et al., 2017), were revisited after consent of villagers owners of cocoa plots (S29 to S32) (Fig. 1D). Six collection sessions were conducted in rainy season and two others in dry season using the procedure clairely described in our recent publication (Fakam Payi et al., 2025): baits in a 1st transect, pitfall traps in the 2nd transect and hand-picking in the 3rd transect. For more details see Fakam Payi et al. (2025).

2.3 Specimen Identification

Specimens were identified using keys, catalogs, checklists, the native range and the pest status were noted from available reports listed in our recent publication (Fakam Payi et al., 2025). Voucher specimens were deposited in the Laboratory of Zoology (Faculty of Science, University of Yaoundé 1).

2.4. Data analysis

Species matrixes of abundance counts were constructed. Percentages were calculated from the overall collection, 2x2 comparisons being performed using Fisher’s exact-test and several percentages being simultaneously compared using Fisher-Freeman-Halton test from StatXact software 3.1.
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Fig. 1. Map of the Mbalmayo Reserve Forest (South-Cameroon) showing invaded (black circles), non invaded sites (red circles) and the study sites S29 to S31 (adapted from Fokam Payi et al., 2025)

A: Location of Cameroon in Africa; B: Location of Centre region in Cameroon; C: Location of Mbalmayo Reserve Forest in Centre Region; D: Location of the study sites in the Mbalmayo Reserve Forest

Abundance counts were presented in terms of mean ± standard error (se), 2x2 means comparison being performed using the Student t-test from SigmaStat software 2.03 (SPSS, Inc., Chicago, IL) when normality and equal variance tests passed. The structure of assemblages was described using alpha and beta diversity indexes. Alpha indexes were species richness S, Margalef index, richness ratio, Chao1 non-parametric estimator, and sampling effort SE=100(S/Chao1) (Thukral, 2017), Shannon-Weaver H'; maximum Shannon H'max=ln(S), Simpson index D, Pielou’s evenness, and Berger-Parker dominance index. Simultaneous comparison of several species richness was done using Sanders rarefaction procedure, and pairwise comparisons of H’ and D were done using Student t-test from PAST (Paleontological Statistics) software version 3:04 (Hammer et al., 2001). Adjustment quality of the species abundance distributions (SADs) to theoretical models was tested using Pearson correlation between logarithms of abundances and ranks of species in decreasing order of abundance (r<-0.95 for poor; r≈-0.95 for approximate; r≈-0.98 for satisfactory; and r≥-0.99 for excellent). Five models were tested using package “Vegan” from R 3.4.1 software: Broken-Stick (BS), log-linear (LL) with the environmental constant m (the rate of decrease in abundance by rank), lognormal (LN) with the environmental constant m’, Zipf (Z) based on the Zipf’s law (Li, 2002; Koplenig, 2015) with the γ (gamma) parameter (decay coefficient or average probability of appearance of a species; Li, 2002), and Zipf-Mandelbrot (ZM) which is a generalized Z model in which β (beta) parameter (degree of niche diversification) is added and 1/γ represents the fractal dimension of the distribution of individuals among species (Bach et al., 1988). The best fitted model was selected using Akaike Information Criteria (AIC) procedure (Johnson & Omland, 2004). Estimated sample size n* was adjusted to the observed one n using the correction factor c=n/n*. Levenberg-Marquardt’s least squares algorithm (Le et al., 2012) summarized by Murthy (2014), was used to estimate β and γ using x0=(2; 4)T as starting iteration point, ε=1x10-10 as tolerance value, and λ0=100 as damping factor. 
Beta diversity was tested using two statistics from PAST software version 3:04 (Hammer et al., 2001): Bray-Cutis dissimilarity and Whittaker’s index. Whittaker’s index provides a qualitative measure of biodiversity, allows seeing evolution through changes in environmental factors, and indicates the dissimilarity in terms of species between several habitats (0 for no change in species composition between two locations; 1 for a real change; Siregar et al., 2020). The site preference was tested using Cramer’s correlation from R 3.4.1 software. Negative association suggested avoidance of sites by the species. Between species correlation was tested using Kendall’s coefficient from PAST software. 
3. RESULTS

3.1. Composition of the macro-invertebrate assemblage 

A total 129,916 specimens belonged to seven classes, 18 orders, 39 families, and 82 species (Tables 1A and 2). Classes were Arachnida (0.06% of the total collection), Chilopoda (0.01%), Clitellata (0.04%), Diplopoda (0.03%), Gastropoda (0.06%), Insecta (99.7%) and Malacostrata (0.11%) (Tables 1A and 2). Arachnida was represented by Araneae (0.04%), and Opiliones (0.02%). Araneae was represented by Araneidae (0.026%), Clubionidae (0.003%), Lycosidae (0.004%), and Sparassidae (0.003%). Opiliones was represented by Ogoveidae (Tables 1A and 2). Chilopoda was represented by Geophilomorpha with Mecistocephalidae (Tables 1A and 2). Clitellata was represented by Haplotaxida with Lumbricidae (Tables 1A and 2). Diplopoda was represented by Polydesmida (0.01%) with Cryptodesmidae, Spirobolida (0.003%) with Spirobolidae incertae sedis, and Spirostreptida with Spirostreptidae (Tables 1A and 2). Gastropoda was represented by Caenogastropoda incertae sedis (0.01%) with Thiaridae, and Stylommatophora (0.05%) with Achatinidae (Tables 1A and 2). Insecta was represented by Blattodea (0.09%), Coleoptera (0.03%), Dermaptera (0.003%), Diptera (0.001%), Hemiptera (0.14%), Heteroptera (0.002%), Hymenoptera (99.4%), and Orthoptera (0.02%) (Tables 1A and 2). Blattodea was represented by Blaberidae (0.01%), Blatellidae (0.05%), Blattidae (0.003%), and Termitidae (0.03%) (Tables 1A and 2). Coleoptera was represented by Carabidae (0.01%), Cerambycidae (0.001%), Chrysomelidae (0.002%), Curculionidae (0.001%), Lycidae (0.001%), Scarabaeidae (0.02%), and Staphilinidae (0.001%) (Tables 1A and 2). Dermaptera was represented by Forficulidae (0.001%), and Labiduridae (0.002%) (Tables 1A and 2). Diptera was represented by Ceratopogonidae. Hemiptera was represented by Alydidae (0.001%), Cicadellidae (0.07%), Cydnidae (0.07%), and Reduviidae (0.002%) (Tables 1A and 2). Heteroptera was represented by Coreidae (0.001%), and Pyrrhocoridae (0.002%) (Tables 1A and 2). Hymenoptera was represented by Formicidae (Tables 1A and 2). Orthoptera was represented by Gryllidae (0.02%), Phalangopsidae (0.004%), and Tetrigidae (0.001%) (Tables 1A and 2). Malacostrata was represented by Isopoda with Armadillidiidae (0.01%), and Oniscidae (0.1%) (Tables 1A and 2). Percentages were high in rainy season (Tables 1A and 2). Identified taxa were categorised in natives to tropical Africa, exotics, unknown pest status, pests, and useful predators (Tables 1A and 2). Amongst the 43 natives, 23 were of unknown pest status: Aporodesmus gabonicus Lucas, 1858 (Cryptodesmidae), Aristogitus cylindricus Thomson, 1861 (Cerambycidae), Boeomimetes ephippium Boheman, 1860 (Carabidae), Camponotus maculatus Fabricius, 1782 (Formicidae), Ca. vividus Smith, 1858 (Formicidae), Crematogaster gabonensis Emery, 1899 (Formicidae), Cr. striatula Emery, 1892 (Formicidae), Dorylus (Anomma) nigricans Illiger, 1802 (Formicidae), Forficula senegalensis Audinet-Serville, 1838 (Forficulidae), Holopterna alata Westwood, 1842 (Coreidae), Kartinikus colonus Attems, 1914 (Spirostreptidae), Neogryllopsis sp. Otte 1983 (Gryllidae), Odontomachus troglodytes Santschi, 1914 (Formicidae), Ogovea cameroonensis Giribet & Prieto, 2003 (Ogoveidae), Paltothyreus tarsatus Fabricius, 1798 (Formicidae), Phaelophilacris sp. Walker, 1871 (Phalangopsidae), Pheidole speculifera Emery, 1877 (Formicidae), Platychiria umbrosa Herrich-Schaeffer, 1850 (Reduviidae), Platygryllus sp.1 Chopard, 1961 (Gryllidae), Platygryllus sp.2 Chopard, 1961 (Gryllidae), Temnopteryx phalerata Saussure, 1864 (Blatellidae), Tetramorium occidentale Santschi, 1916 (Formicidae), and Tetraponera anthracina Santschi, 1910 (Formicidae) (Tables 1A and 2). A total of 15 natives were indoor pests (three taxa), human health pests (two taxa), pest to crops (six taxa), pest to seeds (one taxon), and invasive taxa (three taxa). Pests of crops were Aptera fusca Thunberg, 1784 (Blaberidae), Aspidimorpha tecta Boheman, 1854 (Chrysomelidae), Dysdercus nigrofasciatus Stål, 1855 (Pyrrhocoridae), Heteronychus arator Fabricius, 1775 (Scarabaeidae), Nariscus cinctiventris Germar, 1838 (Alydidae), and Pantoleistes princeps Stål, 1855 (Reduviidae). The pest of seeds was Curculio hessei Perrin, 1999 (Curculionidae). Indoor pests were Blatella germanica Linnaeus, 1767 (Blatellidae), Periplaneta americana Linnaeus, 1758 (Blattidae), and Supella dimidiata Gerstaecker, 1869 (Blatellidae). Human health pests were the biting midge Forcipomyia sp. Meigen, 1818 (Ceratopogonidae), the intermediate host of trematods Melanoides sp. Olivier, 1804 (Thiaridae). Invasive pests were Monomorium bicolor Emery, 1877 (Formicidae), Myrmicaria opaciventris Emery, 1893 (Formicidae) which shares characteristics with tramp-species, and Pheidole megacephala Fabricius, 1793 (Formicidae) (Tables 1A and 2). Five natives predators were Craspedophorus bonvouloirii Chaudoir, 1861 (Carabidae), Graphipterus lineolatus Boheman, 1848 (Carabidae), Lycus melanurus Dalman, 1817 (Lycidae), and Tefflus sp. Leach, 1819 (Carabidae). Macrotermes natalensis Haviland, 1898 (Termitidae) is of controversial status (pest of crops or human food) (Tables 1A and 2). Eight exotics were of unknown pest status: five European natives Amblybolus sp. Keeton, 1964 (Spirobolida incertae sedis), two morph-species (sp.1 and sp.2) of Aphodius Illiger, 1798 (Scarabaeidae), Modicogryllus sp. Chopard, 1961 (Gryllidae), Oniscus asellus Linnaeus, 1758 (Oniscidae), and Tetrix sp. Latreille, 1802 (Tettrigidae), the tropical America native Gymnostreptus striolatus Jeekel, 2002 (Spirostreptidae), and the tropical Asia (India) native Mecistocephalus punctifrons Newport, 1843 (Mecistocephalidae) (Tables 1A and 2). Five taxa were pests of crops (four taxa) or invasive specdies (one taxon). Pests of crops were the European native Armadillidium vulgare Latreille, 1804 (Armadillidiidae), the tropical America native Pangaeus billineatus Say, 1825 (Cydnidae), the tropical Asia native Scaphoideus sp. Uhler, 1889 (Cicadellidae), and the European native Trichotichnus laevicollis Duftschmid, 1812 (Carabidae) (Tables 1A and 2). Invasive pest was the tropical America native ant W. auropunctata Roger, 1863 (Formicidae) (Tables 1A and 2). One useful predator was recorded: the tropical America native Labidura riparia Pallas, 1773 (Labiduridae) (Tables 1A and 2). Overall specific richness was high in secondary forest contrary to cocoa plantations (Fisher’s exact test: P=.02, and P<.001 in dry and rainy season respedctively) (Tables 1A and 2). Whatever the season, pests were mostly recorded in cocoa plantations while natives and taxa of unknown pest status mostly occurred in the secondary forest (Tables 1A and 2). In exotic species, no significant variation was recorded between seasons or between the three categories of macro-invertebrates (Tables 1A and 2). It was the same in species of unknown pest status (dry: P=.02, rainy: P<.001, pooled seasons: P=.002), in the overall native species (dry: P=.003, rainy: P<.001, pooled seasons: P<.001), and in native species of unknown pest status (dry: P=.005, rainy: P<.001, pooled seasons: P<.001) (Tables 1A and 2). A similar result was noted in the rainy season and the pooled seasons in the pooled assemblage (dry: P=.62, rainy: P=.03, pooled seasons: P=.01), and in the pooled taxa (dry: P=.05, rainy: P<.001, pooled seasons: P=.002) (Tables 1A and 2). Other differences were not significant.

3.2. Macro-invertebrates recorded exclusively in one site
Overall 129,050 specimens were collected in the dry season (27,483 specimens) and in the rainy seasons (101,567 specimens) in cocoa plantations and in secondary forest. They belonged to 64 species (Tables 1B and 2). The percentage of the collected taxa was significantly high in the rainy season except in cocoa plantations in which the difference was not significant (Tables 1B and 2). A total of 12,900 specimens (27,481 in dry and 101,519 in rainy season) of 43 taxa (14 in the dry and 42 in the rainy season) were identified at least genus level, in cocoa plantations (dry: three and 11 species in the rainy and pooled seasons respectively) and in secondary forest (dry: 11 species, rainy: 32 species, pooled seasons: 32 species) (Tables 1B and 2). In 34 natives, 17 of unknown pest status were recorded exclusively in secondary forest: Ao. gabonicus, Ai. cylindricus, Bo. ephippium, Ca. maculatus, Ca. vividus, Cr. gabonensis, Cr. striatula, Do. nigricans, Fo. senegalensis, Ho. alata), Od. troglodyte, Og. cameroonensis, Ph. speculifera, Pl. umbrosa, Platygryllus sp.1, Te. occidentale, and Tt. anthracina (Tables 1B and 2). Twelve natives were pests: Ap. fusca, As. tecta, Cu. hessei, Dy. nigrofasciatus, Forcipomyia sp., He. arator, Melanoides sp., Mo. bicolor, My. opaciventris, Na. cinctiventris, Pt. princeps, and Su. dimidiata (Tables 1B and 2). Four natives were useful predators: Cs. bonvouloirii, Ly. melanurus, Ma. natalensis and Tefflus sp. (Tables 1B and 2). Amongst the nine exotics recorded, five exotics were of unknown pest status: Amblybolus sp., Aphodius sp.2, Gy. striolatus, Modicogryllus sp., and Tetrix sp. (Tables 1B and 2). Three exotics were pests: Ar. vulgare, Tr. laevicollis, and W. auropunctata (Tables 1B and 2). The La. useful predator riparia was recorded (Tables 1B and 2).
In the cocoa plantations, the secondary forest and the accumulation of sites, the differences in occurrence of each of the three categories of exotic macro-invertebrates were not different between the two seasons (Tables 1B and 2). Between the two seasons, among taxa recorded exclusively in a single vegetation type, the overall number of taxa was significantly higher in the rainy season than in the dry season in cocoa plantations and secondary forest (Tables 1B and 2). This was the case only in secondary forest for morphogenera, the overall number of species and morphospecies, the overall number of pest species and the overall number of native species (Tables 1B and 2). Between overall number of species with unknown status and the native pest species, the difference was significant only in the cumulative number of sites (Tables 1B and 2). Among the three categories of macro-invertebrates in each season, high number of species in the rainy season was recorded exclusively in secondary forest in the pooled species data set and in the pooled native species (Tables 1B and 2). Between the two types of vegetation, the Fisher’s exact test showed a higher overall specific richness in secondary forest than in cocoa plantations in the dry season (P=.02), the rainy season (P<.001) and the pooled seasons (P<.001) (Tables 1B and 2). It was the same in species of unknown pest status (dry: P=.003, rainy: P<.001, pooled seasons: P<.001), in the overall native species (dry: P<.001, rainy: P<.001, pooled seasons: P<.001), and in native species of unknown pest status (dry: P=.007, rainy: P<.001, pooled seasons: P<.001) (Tables 1B and 2). Other differences were not significant.

3.3. Common species to cocoa plantations and secondary forest 

As for species common to cocoa plantations and secondary forest, 866 specimens of 18 species were recorded: 355 specimens in cocoa plantations (70 of five species and 285 of 16 species in dry and rainy season respectively) and 511 specimens in secondary forest (107 of seven species and 404 of 17 species in dry and rainy season respectively) (Tables 1C and 2).
Table 1. Macro-invertebrates categopries, species richness and probability p-values variation in cocoa plantations and secondary forest.
	
	Cocoa plantations
	Secondary forest
	Pooled sites

	
	I. Dry 
	II. Rainy 
	III. Pooled 
	I vs. II: p
	I. Dry 
	II. Rainy 
	III. Pooled 
	I vs. II: p
	I. Dry 
	II. Rainy 
	III. Pooled 
	I vs. II: p

	A. Overall composition

	Sample
	Global n
	26,851
	93,870
	120,721
	P<.001*
	809
	8,386
	9,195
	P<.001*
	27,660
	102,256
	129,916
	P<.001*

	
	Unidentified
	1
	80
	81
	P<.001*
	4
	77
	81
	P<.001*
	5
	157
	162
	P<.001*

	
	Identified
	26,850
	93,790
	120,640
	P<.001*
	805
	1,731
	1,858
	P<.001*
	27,655
	102,099
	129,754
	P<.001*

	
	No status
	68
	90
	158
	
	218
	1,530
	1,581
	P<.001*
	286
	6,548
	6,834
	P<.001*

	
	Pests
	26,782
	93,698
	120,480
	P<.001*
	587
	152
	228
	
	27,369
	95,500
	122,869
	P<.001*

	
	Predators
	-
	2
	2
	
	-
	5
	5
	
	-
	6
	6
	

	
	Natives
	4
	70
	74
	P<.001*
	784
	1660
	1766
	
	788
	8,308
	9,096
	P<.001*

	
	Exotics
	26,846
	93,720
	120,566
	
	21
	71
	92
	
	26,867
	93,791
	120,658
	P<.001*

	Species
	S
	8 
	31 
	33 
	P<.001*
	20 
	64 
	67 
	P<.001*
	25 
	80 
	82 
	P<.001*

	
	Unidentified
	1
	8
	8
	P=.03 *
	3
	19
	21
	P<.001*
	4
	24
	25
	P<.001*

	
	Identified
	7
	23
	25
	P=.002 *
	17
	45
	46
	P<.001*
	21
	56
	57
	P<.001*

	
	No status 
	3
	9
	11
	P=.13 ns
	13
	28
	29
	P=.04 *
	14
	30
	31
	P=.008 *

	
	Pests
	4
	12
	12
	P=.06 ns
	4
	12
	12
	P=.06 ns
	7
	20
	20
	P=.01 *

	
	Predators
	-
	2
	2
	P=.50 ns
	-
	5
	5
	P=.06 ns
	-
	6
	6
	P=.03 *

	
	FFH (df=2)
	P=.07ns
	P=.02 *
	P=.01 *
	
	P=<.001*
	P=<.001*
	P=<.001*
	
	
	
	
	

	Natives
	Pooled 
	2
	14
	15
	P=.003 *
	14
	36
	37
	P<.001*
	15
	42
	43
	P<.001*

	
	No status
	1
	5
	6
	P=.21 ns
	11
	22
	23
	P=.016 *
	11
	22
	23
	P=.02 *

	
	Pests
	1
	7
	7
	P=.06 ns
	3
	10
	10
	P=.08 ns
	4
	15
	15
	P=.01 *

	
	Predators
	-
	2
	2
	P=.50 ns
	-
	4
	4
	P=.12 ns
	-
	5
	5
	P=.06 ns

	
	FFH (df=2)
	P=1.00ns
	P=.28 ns
	P=.24 ns
	
	P=<.001*
	P=<.001*
	P=<.001*
	
	
	
	
	

	Exotics
	Pooled 
	5
	9
	10
	P=.40 ns
	3
	9
	9
	P=.13 ns
	6
	14
	14
	P=.09 ns

	
	No status
	2
	4
	5
	P=.68 ns
	2
	6
	6
	P=.28 ns
	3
	8
	8
	P=.21 ns

	
	Pests
	3
	5
	5
	P=.72 ns
	1
	2
	2
	P=1.00ns
	3
	5
	5
	P=.72 ns

	
	Predators
	-
	-
	-
	-
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns

	
	FFH (df=2)
	P=.38ns
	P=.08 ns
	P=.05 ns
	
	P=.78 ns
	P=.16 ns
	P=.16 ns
	
	
	
	
	

	B. Species collected exclusively in one type of vegetation 

	Species richness
	3 
	15
	15
	P=.005 *
	13 
	47 
	49 
	P<.001*
	16 
	62 
	64 
	P<.001*

	Unidentified 
	-
	4
	4
	P=.12 ns
	2
	16
	17
	P<.001*
	2
	20
	21
	P<.001*

	Identified species 
	
	
	
	
	
	
	
	
	

	Global
	Pooled 
	3
	11
	11
	P=.13 ns
	11
	31
	32
	P<.001*
	14
	42
	43
	P<.001*

	
	No status
	-
	2
	2
	P=.50 ns
	9
	19
	20
	P=.06 ns
	9
	21
	22
	P=.03 *

	
	Pests
	3
	8
	8
	P=.21 ns
	2
	8
	8
	P=.04 *
	5
	16
	16
	P=.02 *

	
	Predators
	-
	1
	1
	P=1.00ns
	-
	4
	4
	P=.12 ns
	-
	5
	5
	P=.06 ns

	
	FFH (df=2)
	P=.11ns
	P=.05 ns
	P=.05 ns
	
	P=.002 *
	P=.002 *
	P=.001 *
	
	
	
	
	

	Natives
	Pooled 
	1
	6
	6
	P=.117ns
	10
	26
	27
	P=.004 *
	11
	32
	33
	P<.001*

	
	No status
	-
	-
	-
	-
	8
	16
	17
	P=.12 ns
	8
	16
	17
	P=.12 ns

	
	Pests
	1
	5
	5
	P=.21 ns
	2
	7
	7
	P=.17 ns
	3
	12
	12
	P=.03 *

	
	Predators
	-
	1
	1
	P=1.00ns
	-
	3
	3
	P=.25 ns
	-
	4
	4
	P=.12 ns

	
	FFH (df=2)
	P=1.00ns
	P=.05 ns
	P=.05 ns
	
	P=.005 *
	P=.004 *
	P=.002 *
	
	
	
	
	

	Exotics
	Pooled 
	2
	5
	5
	P=.44 ns
	1
	4
	4
	P=.37 ns
	3
	9
	9
	P=.13 ns

	
	No status
	-
	2
	2
	P=.50 ns
	1
	3
	3
	P=.62 ns
	1
	5
	5
	P=.21 ns

	
	Pests
	2
	3
	3
	P=1.00ns
	-
	-
	-
	-
	2
	3
	3
	1.00 ns

	
	Predators
	-
	-
	-
	-
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns

	
	FFH (df=2)
	P=.33ns
	P=.38 ns
	P=.38 ns
	
	P=1.00 ns
	P=.33 ns
	P=.33 ns
	
	
	
	
	

	C. Commonly collected species in cocoa plantations and secondary forest

	Species richness
	5 
	16 
	18 
	P=.018 *
	8 
	17 
	18 
	P=.08 ns
	9 
	18 
	18 
	P<.001*

	Unidentified 
	1
	4
	4
	P=.37 ns
	2
	3
	4
	P=1.00ns
	2
	4
	4
	P=.68 ns

	Identified species 
	
	
	
	
	
	
	
	
	

	Global
	Pooled 
	4
	12
	14
	P=.06 ns
	6
	14
	14
	P=.09 ns
	7
	14
	14
	P=.16 ns

	
	No status
	3
	7
	9
	P=.33 ns
	4
	9
	9
	P=.25 ns
	5
	9
	9
	P=.40 ns

	
	Pests
	1
	4
	4
	P=.37 ns
	2
	4
	4
	P=.68 ns
	2
	4
	4
	P=.68 ns

	
	Predators
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns

	
	FFH(df=2)
	P=.33ns
	P=.10 ns
	P=.03 *
	
	P=.17 ns
	P=.03 *
	P=.03 *
	
	
	
	
	

	Natives
	Pooled 
	1
	8
	9
	P=.034 *
	4
	9
	9
	P=.25 ns
	4
	9
	9
	P=.25 ns

	
	No status
	1
	5
	6
	P=.21 ns
	3
	6
	6
	P=.50 ns
	3
	6
	6
	P=.50 ns

	
	Pests
	-
	2
	2
	P=.50 ns
	1
	2
	2
	P=1.00ns
	1
	2
	2
	P=1.00ns

	
	Predators
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns

	
	FFH(df=2)
	P=1.00ns
	P=.28 ns
	P=.16 ns
	
	P=.33 ns
	P=.16 ns
	P=.16 ns
	
	
	
	
	

	Exotics
	Pooled 
	3
	4
	5
	P=1.00ns
	2
	5
	5
	P=.44 ns
	3
	5
	5
	P=.72 ns

	
	No status
	2
	1
	2
	P=1.00ns
	1
	2
	2
	P=1.00ns
	2
	2
	2
	P=1.00ns

	
	Pests
	1
	2
	2
	P=1.00ns
	1
	2
	2
	P=1.00ns
	1
	2
	2
	P=1.00ns

	
	Predators
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns
	-
	1
	1
	P=1.00ns

	
	FFH(df=1)
	P=1.00ns
	P=1.00 ns
	P=1.00 ns
	
	P=1.00 ns
	P=1.00 ns
	P=1.00 ns
	
	
	
	
	


FFH: Fisher-Freeman-Halton test; ns: non-significant difference (p≥0.05); *: significant difference (p<0.05).

Table 2. Absolute abundance in the dry and rainy seasons of macro-invertebrates collected in cocoa plantations and secondary forest 

	
	
	A. Cocoa plantations
	B. Secondary forest
	C. Pooled sites

	Family
	Species
	Dry
	Rainy
	Pooled
	Dry
	Rainy
	Pooled
	Dry
	Rainy
	Pooled

	Achatinidae
	Achatinidae Gen.sp.1
	-
	50
	50
	2
	-
	2
	2
	50
	52

	
	Achatinidae Gen.sp.2
	-
	4
	4
	-
	-
	-
	-
	4
	4

	
	Achatinidae Gen.sp.3
	-
	3
	3
	-
	-
	-
	-
	3
	3

	Araneidae
	Araneidae Gen. sp.1
	-
	-
	-
	-
	2
	2
	-
	2
	2

	
	Araneidae Gen. sp.2
	-
	1
	1
	-
	4
	4
	-
	5
	5

	
	Araneidae Gen. sp.3
	-
	-
	-
	-
	7
	7
	-
	7
	7

	
	Araneidae Gen. sp.4
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Araneidae Gen. sp.5
	-
	-
	-
	-
	5
	5
	-
	5
	5

	
	Araneidae Gen. sp.6
	-
	-
	-
	-
	3
	3
	-
	3
	3

	
	Araneidae Gen. sp.7
	-
	3
	3
	-
	1
	1
	-
	4
	4

	
	Araneidae Gen. sp.8
	-
	-
	-
	-
	3
	3
	-
	3
	3

	
	Araneidae Gen. sp.9
	-
	-
	-
	-
	2
	2
	-
	2
	2

	
	Araneidae Gen. sp.10
	-
	1
	1
	-
	-
	-
	-
	1
	1

	
	Araneidae Gen. sp.11
	-
	1
	1
	-
	-
	-
	-
	1
	1

	Alydidae
	Nariscus cinctiventris
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Armadillidiidae
	Armadillidium vulgare
	3
	10
	13
	-
	-
	-
	3
	10
	13

	Blaberidae
	Aptera fusca
	2
	9
	11
	-
	-
	-
	2
	9
	11

	Blatellidae
	Blatella germanica
	-
	3
	3
	-
	3
	3
	-
	6
	6

	
	Supella dimidiata
	-
	-
	-
	-
	3
	3
	-
	3
	3

	
	Temnopteryx phalerata
	-
	5
	5
	3
	48
	51
	3
	53
	56

	Blattidae
	Periplaneta americana
	-
	-
	-
	-
	4
	4
	-
	4
	4

	Carabidae
	Boemimetes ephippium
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Carabidae Gen.1 sp.1
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Carabidae Gen.2 sp.1
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Craspedophorus bonvouloirii
	-
	1
	1
	-
	-
	-
	-
	1
	1

	
	Graphipterus lineolatus
	-
	1
	1
	-
	1
	1
	-
	2
	2

	
	Tefflus sp.
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Trichotichnus laevicollis
	-
	2
	2
	-
	-
	-
	-
	2
	2

	Cerambycidae
	Aristogitus cylindricus
	-
	-
	-
	1
	-
	1
	1
	-
	1

	Ceratopogonidae
	Forcipomyia sp.
	-
	1
	1
	-
	-
	-
	-
	1
	1

	Chrysomelidae
	Aspidimorpha tecta
	-
	-
	-
	-
	2
	2
	-
	2
	2

	Cicadellidae
	Scaphoideus sp.
	1
	30
	31
	18
	40
	58
	19
	70
	89

	Clubionidae
	Clubionidae Gen. sp.1
	-
	-
	-
	-
	3
	3
	-
	3
	3

	
	Clubionidae Gen. sp.2
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Coreidae
	Holopterna alata
	-
	-
	-
	
	1
	1
	-
	1
	1

	Cryptodesmidae
	Aporodesmus gabonicus
	-
	-
	-
	-
	8
	8
	-
	8
	8

	Curculionidae
	Curculio hessei
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Cydnidae
	Pangaeus billineatus
	-
	84
	84
	-
	2
	2
	-
	86
	86

	Forficulidae
	Forficula senegalensis
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Formicidae
	Camponotus maculatus
	-
	-
	-
	5
	46
	51
	5
	46
	51

	
	Ca. vividus
	-
	-
	-
	3
	1
	4
	3
	1
	4

	
	Crematogaster gabonensis
	-
	-
	-
	164
	3,677
	3,841
	164
	3,677
	3,841

	
	Cr. striatula
	-
	-
	-
	-
	823
	823
	-
	823
	823

	
	Dorylus nigricans
	-
	-
	-
	3
	1,256
	1,259
	3
	1,256
	1,259

	
	Monorium bicolor
	-
	-
	-
	-
	7
	7
	-
	7
	7

	
	Myrmicaria opaciventris
	-
	-
	-
	511
	1,652
	2,163
	511
	1,652
	2,163

	
	Odontomachus troglodytes
	-
	-
	-
	-
	17
	17
	-
	17
	17

	
	Paltothyreus tarsatus
	2
	-
	2
	19
	138
	157
	21
	138
	159

	
	Pheidole megacephala
	
	11
	11
	57
	86
	143
	57
	97
	154

	
	Ph. speculifera
	-
	-
	-
	1
	346
	347
	1
	346
	347

	
	Tetramorium occidentale
	-
	-
	-
	2
	4
	6
	2
	4
	6

	
	Tetraponera anthracina
	-
	-
	-
	8
	7
	15
	8
	7
	15

	
	Wasmannia auropunctata 
	26.776
	93.523
	120.299
	-
	-
	-
	26,776
	93,523
	120,299

	Gryllidae
	Modicogryllus sp.
	-
	-
	-
	1
	3
	4
	1
	3
	4

	
	Neogryllopsis sp.
	-
	2
	2
	-
	11
	11
	-
	13
	13

	
	Platigryllus sp.1
	-
	-
	-
	-
	2
	2
	-
	2
	2

	
	Platygryllus sp.2
	-
	1
	1
	-
	3
	3
	-
	4
	4

	Labiduridae
	Labidura riparia
	-
	-
	-
	-
	3
	3
	-
	3
	3

	Lumbricidae
	Lumbricidae Gen. sp.1
	1
	17
	18
	-
	33
	33
	1
	50
	51

	Lycosidae
	Lycosidae. Gen. sp.1
	-
	-
	-
	-
	3
	3
	-
	3
	3

	
	Lycosidae Gen. sp.2
	-
	-
	-
	-
	2
	2
	-
	2
	2

	Lycidae
	Lycus melanurus
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Mecistocephalidae
	Mecistocephalus punctifrons
	1
	-
	1
	2
	14
	16
	3
	14
	17

	Ogoveidae
	Ogovea cameroonensis
	-
	-
	-
	-
	28
	28
	-
	28
	28

	Oniscidae
	Oniscus asellus
	65
	64
	129
	-
	2
	2
	65
	66
	131

	Phalangopsidae
	Phaelophilacris sp.
	-
	1
	1
	-
	4
	4
	-
	5
	5

	Pyrrhocoridae
	Dysdercus nigrofasciatus
	-
	-
	-
	1
	1
	2
	1
	1
	2

	Reduviidae
	Pantoleistes princeps
	-
	1
	1
	-
	-
	-
	-
	1
	1

	
	Platychiria umbrosus
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Scarabaeidae
	Aphodius sp.1
	-
	2
	2
	-
	5
	5
	-
	7
	7

	
	Aphodius sp.2
	-
	2
	2
	-
	-
	-
	-
	2
	2

	
	Dynastinae Gen. sp
	-
	-
	-
	-
	1
	1
	-
	1
	1

	
	Heteronychus arator
	-
	11
	11
	-
	-
	-
	-
	11
	11

	
	Scarabaeidae Gen. sp
	-
	-
	-
	1
	-
	1
	1
	-
	1

	Sparassidae
	Sparassidae Gen. sp.1
	-
	-
	-
	1
	3
	4
	1
	3
	4

	Spirobolida
	Amblybolus sp.
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Spirostreptidae
	Gymnostreptus striolatus
	-
	3
	3
	-
	-
	-
	-
	3
	3

	
	Kartinikus colonus
	-
	10
	10
	6
	9
	15
	6
	19
	25

	Staphilinidae
	Staphylinidae Gen. sp.
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Termitidae
	Macrotermes natalensis
	-
	-
	-
	-
	43
	43
	-
	43
	43

	Tetrigidae
	Tetrix sp.
	-
	-
	-
	-
	1
	1
	-
	1
	1

	Thiaridae
	Melanoides sp.
	-
	13
	13
	-
	-
	-
	-
	13
	13


A total of 754 specimens of 14 species were common to cocoa plantations and secondary forest (Tables 1C and 2). Nine species were of unknown pest status: Aphodius sp.1, K. colonus, Me. punctifrons, Neogryllopsis sp., On. asellus, Pa. tarsatus, Phaelophilacris sp., Platygryllus sp.2, and Tm. phalerata (Tables 1C and 2). Blatella germanica, Pn. billineatus, Ph. megacephala, and Scaphoideus sp. were pests: (Tables 1C and 2). Graphipterus lineolatus was a useful predator (Tables 1C and 2). Ubiquitous species in cocoa plantations were more numerous in rainy season, and the difference was not significant in the secondary forest (Tables 1C and 2). Nine species were of tropical Africa origin: Bl. germanica, Gr. lineolatus, K. colonus, Neogryllopsis sp., Pa. tarsatus, Ph. megacephala, Phaelophilacris sp., Platygryllus sp.2, and Tm. phalerata (Tables 1C and 2). Five species were of foreign origin: Aphodius sp.1, Me. punctifrons, On. asellus, Pn. billineatus,  and Scaphoideus sp. (Tables 1C and 2). Between the two seasons, differences between natives and exotics were not significant except the pooled natives in cocoa plantations in which the percentage was high in rainy season (Tables 1C and 2). Between the two seasons, the overall number of taxa was high in the rainy season in cocoa plantations and secondary forest (Tables 1C and 2). A similar result was recorded in the pooled natives exclusively in cocoa plantations (Tables 1C and 2). Among the three categories of macro-invertebrates recorded in each season, the high number of species of unknown pest status was recorded in the pooled seasons in cocoa plantations, in rainy and the pooled seasons in secondary forest (Tables 1C and 2). Between occurrences in one site and common species to both sites, common natives of unknown pest status were highly recorded (P=.03) (Tables 1C and 2). On the other hand, exclusive occurrence in a single site was high than common species in rainy season and in the pooled seasons (dry: p=.35, rainy: P<.001, pooled seasons: P<.001), in identified species (dry: P=.31, rainy: P=.005, pooled seasons: P=.003), in global natives (dry: P=.16, rainy: P=.002, pooled seasons: P=.001), and in natives of unknown pest status (dry: P=.21, rainy: P=.004, pooled seasons: P=.002) (Tables 1C and 2).
3.4. Species richness 

Relative abundance and species richness were high in rainy season than dry season, the difference between the two seasons being not significant regardless of the collection site (Table 3A). Species richness was low (richness ratio close to zero)in dry season and high in rainy season (Table 3A). The lowest sampling effort (73.5%) was recorded in rainy season in secondary forest and the highest (SE=88.9%) was recorded in dry season in cocoa plantations and other values were between the two extremes (Table 3A). In cocoa plantations, species rarefaction test showed that 25,001 specimens corresponded to 8±0 species in dry season, 20±2 species in rainy season and 19±2 species in the pooled seasons. In the secondary forest, 791 specimens corresponded to 20±0 species in dry season, 27±3 species in rainy season and 27±3 species in the pooled seasons. In the pooled sites, 26,001 specimens corresponded to 25±1 species in dry season, 52±3 species in rainy season and 49±3 species in the pooled seasons. The sampling effort was low (73.5%) in rainy season in secondary forest, and high (88.9%) in dry season in cocoa plantations (Table 3A).

3.5. Species diversity and evenness

Low species diversity and equitability were noted. Between the two seasons, species diversity was high in rainy season (Table 3A). A strong dominance by a few species was noted in cocoa plantations and in pooled sites. Nevertheles, in secondary forest, equitability and species dominance were close to the median level (Table 3A). Hill's N1 and N2 numbers and the species abundance distributions (SADs) (Fig. 2) showed W. auropunctata as abundant and dominant in cocoa plantations (Fig. 2A, 2B, and 2C) and in the pooled sites (Fig. 2G, 2H, and 2I) (Table 3A). In secondary forest, My. opaciventris, Cr. gabonensis, and Ph. megacephala were abundant in the dry season, the two former being co-dominants while in the rainy season Cr. gabonensis, Cr. striatula, My. opaciventris, Cs. bonvouloirii, Ph. speculifera, and Pa. tarsatus were abundant, the four former being co-dominants. In the pooled seasons Cr. gabonensis, Cr. striatula, Cs. bonvouloirii, My. opaciventris, Ph. speculifera and Pa. tarsatus were abundant, Cr. gabonensis, Cr. striatula, Cs. bonvouloirii and My. opaciventris being co-dominants (Table 2, Fig. 2G, 2H and 2I).
3.6. Adjustment of the species abundance distributions to five theoretical models

Adjustment of species abundance distributions (SADs) to five theoretical models was of poor quality in cocoa plantations (dry: r=-0.579, 8 species; rainy: r=-0.312, 30 species; pooled seasons: r=-0.302, 32 species). It was the same in secondary forest (dry: r=-0.525, 20 species; rainy: r=-0.400, 66 species; pooled seasons: r=-0.399, 68 species), and in the pooled sites (dry: r=-0.349, 25 species; rainy: r=-0.240, 79 species; pooled seasons: r=-0.205, 81 species). 
In cocoa plantations, Zipf (Z) model best fitted the distributions (Tables 3B, Fig. 2A, 2B and 2C) and in the dry season in the pooled sites (Tables 3B, Fig. 2G) with a high negative decay coefficient (dry season in cocoa plantations: normalizing constant Q=26,851, maximum n1=26,776, 8 species, decay coefficient: γ(gamma)=-4.667, corrected constant Q’=25,626, model ni=25,626(i)-4.667; rainy season in cocoa plantations: Q=93,868, n1=93,523, 30 species, γ(gamma)=-2.496, Q’=70,097, model ni=70,097(i)-2.496. It was the same in the pooled seasons (Q=120,719, n1=120,299, 32 species, γ=-2.521, Q’=90,756, model ni=90,756(i)-2.521), and in dry season in the pooled sites (Q=27,656, n1=26,776, 25 species, γ=-2.861, Q’=22,470, model ni=22,470(i)-2.861). 
In secondary forest, Zipf-Mandelbrot (ZM) best fitted the distribution in dry season (Table 3B and Fig. 2D) with a low fractal dimension of the distribution of individuals among species (scaling parameter Q=805, maximum abundance n1=511, 20 species, degree of niche diversification: β(beta)=2.156, average probability of occurrence of a species: γ=3.854, corrected: Q’=39,693, ZM model: ni=39,693(i+3.854)-2.156, fractal dimension of the distribution of individuals among species: 1/γ=0.260). A similar result was noted in rainy season (Table 3B and Fig. 2E) with a low fractal dimension (Q=8,392, n1=3,327, 66 species, β=2.656. γ=2.938, Q’=154,853, ZM model ni=154,853(i+2.938)-2.656, 1/γ=0.340), and in the pooled seasons (Q=9.197, n1=3.491, 68 species, β=2.677, γ=2.874, Q’=154,179, ZM model ni=154,179(i+2.874)-2.677, 1/γ=0.348; Table 3B and Fig. 2F). In the pooled sites, distributions in rainy season and the pooled seasons best fitted LN nomocenosis with a low Preston’s environmental constants (Table 3B; Fig. 2H and 2I). In rainy season, parameters were: maximum abundance: n1=93.523, mean of the lognormal distribution x=8.038, standard deviation of the lognormal distribution: σ=2.825, environmental constant: m’=0.125, correction factor 35.928, LN model: ni=7,251,851,824(0.131)Pi with Pi as probit of ith species. The pooled settlement showed a similar result: n1=120,299, x=8.958, σ=2.630, m’=0.145, correction factor: 65.026, LN model: ni=1,840,120,472(0.202)Pi with Pi as probit of the ith species. 
3.7. Beta diversity: similarity between assemblages 
3.7.1. Similarity between assemblages and indicative value of species
Between cocoa plantations and secondary forest, a low dissimilarity was detected in dry season (Bray-Curtis: BC=0.154), in rainy season (BC=0.237) and in the pooled seasons (BC=0.265). It was the same between seasons in cocoa plantations (BC=0.019), secondary forest (BC=0.125), and other combinaitions (cocoa dry season vs. forest rainy: BC=0.030; cocoa rainy vs. forest dry: BC=0.140).
In overall beta diversity, the change in species composition from cocoa plantations to secondary forest was large (Whittaker=0.782). In cocoa plantations, three species prefered the rainy season: He. arator (Cramer’s correlation: φ=0.184, P=.002), Melanoides sp. (φ=0.145, P=.03), and Pn. billineatus (φ=0.273, P=.001). Three species showed positive correlation with the combination dry and rainy seasons: Ar. vulgare (φ=0.151, P=.03), On. asellus (φ=0.251, P=.001), W. auropunctata (φ=0.983, P=.001) while five species avoided the same combination: Ca. maculatus (φ=-0.201, P=.001), Cr. gabonensis (φ=-0.302, P=.001), My. opaciventris (φ=-0.375, P=.001), Pa. tarsatus (φ=-0.292, P=.001), Ph. megacephala (φ=-0.227, P=.001). 

In the secondary forest, K. colonus prefered the dry season (φ=0.150, P=.02), six species preferred the rainy season: Cr. striatula (φ=0.269, P=.001), Do. nigricans (φ=0.216, P=.002), Og. cameroonensis (φ=0.261, P=.001), Pe. americana (φ=0.129, P=.04), Ph. speculifera (φ=0.216, P=.003), and Tm. phalerata (φ=0.265, P=.001). 
3.7.2. Correlation between species 

Negative correlations recorded in native species showed that Ca. maculatus repelled Cr gabonensis, which in turn repelled K. colonus (Table 4A). Kartinikus colonus repelled both My. opaciventris and Pa. tarsatus, the latter species in turn repelled Ph. megacephala (Table 4A). Similarly, negative corrections in exotics concerned W. auropunctata which repelled three species La. riparia, Me. punctifrons, and Modicogryllus sp. (Table 4B).
Between exotics and natives, Aphodius sp. repelled My. opaciventris, Pa. tarsatus and Ph. megacephala, the first two species in turn repelling Pn. billineatus (Table 4C). Tetris sp repelled Pe. americana which in turn repelled Tr. laevicollis. Wasmannia auropunctata repelled 17 natives Ao. gabonicus, Ca. maculatus, Cr. gabonensis, Cr. striatula, Do. nigricans, Ma. natalensis, Neogryllopsis sp., Od. troglodytes, Og. cameroonensis, Pa. tarsatus, Pe. americana, Ph. megacephala, Ph. speculifera, Su. dimidiata, Te. Occidentale, Tm. phalerata, and Tt. anthracina (Table 4C). In short, My. opaciventris repelled two exotics Aphodius sp. and Pn. billineatus. A fairly large number of positive correlations were recorded in natives combinations, with the number of tolerated species ranging from one to six (Table 4D).
Table 3. Absolute, relative abundance variation and Akaike Information Criteria (AIC) in macro-invertebrates 
	
	Cocoa plantations
	Secondary forest
	Pooled sites

	
	Dry
	Rainy
	Pooled 
	Dry
	Rainy
	Pooled 
	Dry
	Rainy
	Pooled 

	A. Pooled data from cocoa plantations and secondary forest

	Abundance
	n (%)
	26,851(20.7)
	93,870 (72.3)
	120,721 (92.9)
	809 (0.6)
	8,386 (6.5)
	9,195 (7.1)
	27,660 (21,3)
	102,256 (78,7)
	129,916(100,0)

	
	S (%)
	8 (9.8)
	31 (37.8)
	33 (40.2)
	20 (24.4)
	64 (78.0)
	67 (81.7)
	25 (30.5)
	80 (97.6)
	82 (100.0)

	
	Max. (%)
	26,776(20.6)
	93,523 (72.0)
	120,299 (92.6)
	511 (0.4)
	3,677 (2.8)
	3,841 (3.0)
	26,776 (20.6)
	93,523 (72.0)
	120,299 (92.6)

	
	Mean±se
	3,356±3,346
	3,028 ± 3,016
	3,658 ± 3,645
	40 ± 26
	131 ± 66
	137 ± 68
	1,106 ± 1,070
	1,278 ± 1,169
	1,584 ± 1,467

	
	I vs. II
	n (Fisher’s exact test): p=0.0 *

S (Fisher’s exact test): p=1.3x10-9 *

Mean (t-test): t=-0.036, df=36, p=0.97 ns
	n (Fisher’s exact test): p=0.0 *

S (Fisher’s exact test): p=3.1x10-13 *

Mean (t-test): t=0.749, df=84, p=0.46 ns
	n (Fisher’s exact test): p=0.0 *

S (Fisher’s exact test): p=6.8x10-21 *

Mean (t-test): t=0.086, df=102, p=0.932 ns

	
	Margalef
	0,686
	2,533
	2,649
	2,840
	7,194
	7,341
	2,347
	6,762
	6,794

	
	d=S/n
	0,0003
	0,0003
	0,0003
	0,025
	0,008
	0,007
	0,0009
	0,0008
	0,0006

	
	Chao1(%)
	9 (8.4)
	39 (36.4)
	41 (38.3)
	24 (22.4)
	90 (84.1)
	92 (86.0)
	30 (28.0)
	105 (98.1)
	107 (100.0)

	
	SE (%)
	88,9
	76,9
	78,0
	83,3
	73,3
	73,9
	83,3
	75,2
	75,7

	Diversity
	H’
	0,021
	0,033
	0,031
	1,225
	1,749
	1,770
	0,187
	0,456
	0,408

	
	H’max
	2,079
	3,401
	3,466
	2,996
	4,190
	4,220
	3,219
	4,369
	4,394

	I vs. II of H’
	t-test
	t=4.640, df=60,634, p=3.5x10-6 *
	t=-10.759, df=969.71, p=1.4x10-25 *
	t=-40.342, df=64,530, p=0.0 *

	
	D
	0,994
	0,993
	0,993
	0,451
	0,258
	0,251
	0,938
	0,838
	0,859

	I vs. II of D
	t-test
	t=-2.344, df=48,901, p=0.019 *
	t=10.869, df=849.49, p=7.5x10-26 *
	t=39.015, df=61,839, p=0.0 *

	Evenness 
	J
	0,010
	0,010
	0,009
	0,409
	0,418
	0,419
	0,058
	0,104
	0,093

	Dominance 
	IBP
	0,997
	0,996
	0,997
	0,635
	0,396
	0,380
	0,968
	0,915
	0,926

	Hill 
	N1
	1.021
	1.034
	1,032
	3,404
	5,749
	5,868
	1,206
	1,578
	1,504

	
	N2
	1.006
	1.007
	1,007
	2,219
	3,876
	3,978
	1,066
	1,193
	1,165

	B. Adjustment of the species abundance distributions (SADs) to five theoretical models

	Model
	BS
	291.9
	969.6
	1132.5
	1208.4
	19376.4
	21,400.8
	416.2
	481,081.1
	627,492.6

	
	LL
	75.0  
	638.5
	724.9  
	248.7  
	2804.6
	3,216.9  
	270.3
	54,996.2
	68,429.5  

	
	LN
	53.6  
	279.8
	303.1  
	116.8  
	2314.4
	2,915.2  
	131.9
	6,487.8 best
	8,824.7 best

	
	Z
	37.2 best
	206.3 best
	222.2 best
	99.2  
	2474.4
	3,131.3  
	96.0 best
	6,581.3 
	9,182.9   

	
	ZM
	39.2 
	208.3
	224.2
	89.6 best
	1036.1 best
	1,377.2 best
	98.0
	6,583.3 
	9,184.9   


BS: Broken stick model; LN: Lognormal model; LL: Log-linear model; Z: Zipf model; ZM: Zipf-Mandelbrot model; d: species richness ratio = S/n; D: Simpson diversity index; H’: Shannon-Weaver diversity index; H’max: Maximum Shannon-Weaver index; J= Pielou’s evenness index = H’/H’max; IBP: Berger-Parker dominance index; Chao1: non-parametric estimator of the “true” species richness; Min.: Minimum abundance; Max.: Maximum abundance; n: Sample size; ns: non-significant difference (p≥0.05); S: Species richness; SE: se: standard error; Sampling effort = (S/Chao1)*100; *: significant difference (p<0.05); best: best fitted model. Relative abundances were calculated on the overall 129,916 specimens while percentages of species richness were calculated on the overall 82 species

Figure 2. Whittaker’s rank-frequency diagrams of the collected macro-invertebrates showing species in decreasing order of numerical abundance. Other rare species are listed in Table 2. 
Myrmicaria opaciventris tolerated Bo. ephippium, Ca. vividus, Cr. gabonensis, Cr. striatula, and Mo. bicolor, while Ph. megacephala tolerated Pe. americana and Ph. speculifera. Within exotics, W. auropunctata tolerated Ar. vulgare, On. asellus and Pn. billineatus. The number of natives that tolerated exotics ranged from one to nine (Table 4F). Eight natives tolerated Aphodius sp.1, while La. riparia was tolerated by five natives. Three natives tolerated On. asellus or W. auropunctata, and two natives tolerated Ar. vulgare, Modicogryllus sp., Tetrix sp., and Tr. laevicollis (Table 4F).
4. DISCUSSION

4.1. Composition of the macro-invertebrates’ assemblage 

The present study is the first step in comparing composition, structure and functioning of the macroinvertebrate fauna between old cocoa plantations and neighboring secondary forest. A total of 129,916 specimens belonged to seven classes, 18 orders, 39 families, and 82 species. Insecta and Hymenoptera were mostly abundant. Predominance of insects is worldwide known in terrestrial environments (Stork, 2018; Costello et al., 2013; Stork, 2018; Davidson et al., 2003). The number of orders was closed to the records reported in a forest reserve in Burundi (Dushimirimana, 2017). Formicidae plays a crucial role in ecosystem functioning as pollinisators, pests, predators, contributing to various ecological processes and services (Klein et al., 2007, Pimm et al., 2014). The remarkable observation is the high number of pests (natives and exotics) in cocoa plantations, including W. auropunctata, coroborating reports of Mbenoun Masse et al. (2017). The fact that exotic pests are confined to cocoa plantations suggests that the forest environment is currently hostile to them.
Table 4. Significant Kendall’s tau correlation between species in the pooled sites
	Species 1 / species 2
	tau
	P
	Species 1 / species 2
	tau
	P

	A. Negative correlation in native species

	Camponotus maculatus
	
	
	Kartinikus colonus
	
	

	
	Crematogaster gabonensis
	-0.064
	.036 *
	
	Paltothyreus tarsatus
	-0.067
	.028 *

	Crematogaster gabonensis
	
	
	Paltothyreus tarsatus
	
	

	
	Kartinikus colonus
	-0.063
	.039 *
	
	Pheidole megacephala
	-0.077
	.011 *

	Kartinikus colonus
	
	
	
	
	

	
	Myrmicaria opaciventris
	-0.079
	.010 *
	
	
	
	

	B. Negative correlation in exotic species

	Wasmannia auropunctata 
	
	
	Wasmannia auropunctata
	
	

	
	Labidura riparia 
	-0.064
	.036 *
	
	Modicogryllus sp.
	-0.064
	.036 *

	
	Mecistocephalus punctifrons 
	-0.145
	<.001 *
	
	
	
	

	C. Negative correlation between exotics and native species

	Aphodius sp.1
	
	
	Wasmannia auropunctata
	
	

	
	Myrmicaria opaciventris
	-0.094
	.002 *
	
	Crematogaster striatula
	-0.154
	<.001 *

	
	Paltothyreus tarsatus
	-0.080
	.009 *
	
	Dorylus nigricans
	-0.149
	<.001 *

	
	Pheidole megacephala
	-0.063
	.041 *
	
	Macrotermes natalensis
	-0.074
	.015 *

	Pangaeus billineatus
	
	
	
	Neogryllopsis sp.
	-0.077
	.012 *

	
	Myrmicaria opaciventris
	-0.076
	.012 *
	
	Odontomachus troglodytes
	-0.064
	.036 *

	
	Paltothyreus tarsatus
	-0.065
	.033 *
	
	Ogovea cameroonensis
	-0.149
	<.001 *

	Tetrix sp.
	
	
	
	Paltothyreus tarsatus
	-0.249
	<.001 *

	
	Periplaneta americana
	-0.004
	.891 *
	
	Periplaneta americana
	-0.074
	.015 *

	Trichotichnus laevicollis
	
	
	
	Pheidole megacephala
	-0.160
	<.001 *

	
	Periplaneta americana
	-0.006
	.846 *
	
	Pheidole speculifera
	-0.149
	<.001 *

	Wasmannia auropunctata
	
	
	
	Supella dimidiata
	-0.064
	.036 *

	
	Aporodesmus gabonicus
	-0.074
	.015 *
	
	Temnopteryx phalerata
	-0.171
	<.001 *

	
	Camponotus maculatus
	-0.176
	<.001 *
	
	Tetramorium occidentale
	-0.074
	.015 *

	
	Crematogaster gabonensis
	-0.239
	<.001 *
	
	Tetraponera anthracina
	-0.091
	.003 *

	D. Positive correlation in native species

	Amblybolus sp.
	
	
	Camponotus vividus
	
	

	
	Camponotus maculatus
	0.213
	<.001 *
	
	Crematogaster gabonensis
	0.091
	.003 *

	
	Crematogaster striatula
	0.230
	<.001 *
	
	Crematogaster striatula
	0.155
	<.001 *

	
	Dorylus nigricans
	0.250
	<.001 *
	
	Myrmicaria opaciventris
	0.070
	.021 *

	
	Kartinikus colonus
	0.212
	<.001 *
	Curculio hessei
	
	

	Aporodesmus gabonicus
	
	
	
	Dorylus nigricans
	0.237
	<.001 *

	
	Macrotermes natalensis
	0.242
	<.001 *
	Crematogaster gabonensis
	
	

	
	Odontomachus troglodytes
	0.284
	<.001 *
	
	Dysdercus nigrofasciatus
	0.088
	.004 *

	
	Temnopteryx phalerata
	0.249
	<.001 *
	
	Myrmicaria opaciventris
	0.152
	<.001 *

	Aptera fusca
	
	
	
	Ogovea cameroonensis
	0.064
	.037 *

	
	Craspedophorus bonvouloirii
	0.285
	<.001 *
	Crematogaster striatula
	
	

	
	Melanoides sp.
	0.176
	<.001 *
	
	Forcipomyia sp.
	0.167
	<.001 *

	Aristogitus cylindricus
	
	
	
	Myrmicaria opaciventris
	0.198
	<.001 *

	
	Paltothyreus tarsatus
	0.128
	<.001 *
	
	Pheidole speculifera
	0.148
	<.001 *

	Aspidimorpha tecta
	
	
	
	Platygryllus sp.1
	0.157
	<.001 *

	
	Paltothyreus tarsatus
	0.128
	<.001 *
	Dorylus nigricans
	
	

	
	Supella dimidiata
	0.576
	<.001 *
	
	Kartinikus colonus
	0.072
	.018 *

	Blatella germanica
	
	
	
	Odontomachus troglodytes
	0.132
	<.001 *

	
	Heteronychus arator
	0.167
	<.001 *
	
	Ogovea cameroonensis
	0.099
	.001 *

	
	Neogryllopsis sp.
	0.156
	<.001 *
	
	Tetraponera anthracina
	0.083
	.007 *

	
	Ogovea cameroonensis
	0.112
	<.001 *
	Dysdercus nigrofasciatus
	
	

	Boemimetes ephippium
	
	
	
	Temnopteryx phalerata
	0.114
	<.001 *

	
	Myrmicaria opaciventris
	0.101
	.001 *
	
	Tetramorium occidentale
	0.351
	<.001 *

	Camponotus maculatus
	
	
	
	Tetraponera anthracina
	0.281
	<.001 *

	
	Crematogaster striatula
	0.066
	.031 *
	Forcipomyia sp.
	
	

	
	Paltothyreus tarsatus
	0.102
	.001 *
	
	Kartinikus colonus
	0.142
	<.001 *

	
	Phaelophilacris sp.
	0.196
	<.001 *
	
	Temnopteryx phalerata
	0.106
	.001 *

	
	Pheidole speculifera
	0.071
	.020 *
	Graphipterus lineolatus
	
	

	
	Platychiria umbrosus
	0.201
	<.001 *
	
	Ogovea cameroonensis
	0.172
	<.001 *

	
	Tetraponera anthracina
	0.064
	.035 *
	
	
	
	

	Heteronychus arator
	
	
	Odontomachus troglodytes
	
	

	
	Neogryllopsis sp.
	0.101
	.001 *
	
	Temnopteryx phalerata
	0.080
	0,009 *

	Holopterna alata
	
	
	Ogovea cameroonensis
	
	

	
	Platygryllus sp.2
	0.578
	<.001 *
	
	Periplaneta americana
	0.108
	<.001 *

	Kartinikus colonus
	
	
	
	Platygryllus sp.1
	0.164
	<.001 *

	
	Melanoides sp.
	0.077
	.012 *
	
	Temnopteryx phalerata
	0.320
	<.001 *

	
	Periplaneta americana
	0.096
	.002 *
	
	Tetramorium occidentale
	0.107
	<.001 *

	
	Phaelophilacris sp.
	0.091
	.003 *
	
	Tetraponera anthracina
	0.081
	.008 *

	Lycus melanurus
	
	
	Paltothyreus tarsatus
	
	

	
	Macrotermes natalensis
	0.495
	<.001 *
	
	Pheidole speculifera
	0.063
	.040 *

	
	Supella dimidiata
	0.576
	<.001 *
	
	Platygryllus sp.1
	0.085
	.005 *

	Macrotermes natalensis
	
	
	
	Temnopteryx phalerata
	0.110
	<.001 *

	
	Neogryllopsis sp.
	0.158
	<.001 *
	Periplaneta americana
	
	

	
	Supella dimidiata
	0.281
	<.001 *
	
	Pheidole megacephala
	0.077
	.012 *

	
	Temnopteryx phalerata
	0.161
	<.001 *
	
	Tetraponera anthracina
	0.194
	<.001 *

	Monorium bicolor
	
	
	Pheidole megacephala
	
	

	
	Myrmicaria opaciventris
	0.112
	<.001 *
	
	Pheidole speculifera
	0.100
	.001 *

	Myrmicaria opaciventris
	
	
	Platygryllus sp.1
	
	

	
	Pheidole speculifera
	0,210
	<.001 *
	
	Temnopteryx phalerata
	0.114
	<.001 *

	Nariscus cinctiventris
	
	
	Temnopteryx phalerata
	
	

	
	Temnopteryx phalerata
	0,163
	<.001 *
	
	Tetramorium occidentale
	0.064
	.037 *

	Neogryllopsis sp.
	
	
	
	
	
	

	
	Platygryllus sp.1
	0.228
	<.001 *
	
	
	
	

	
	Platygryllus sp.2
	0.186
	<.001 *
	
	
	
	

	
	Temnopteryx phalerata
	0.147
	<.001 *
	
	
	
	

	E. Positive correlation in exotic species

	Aphodius sp.2
	
	
	Oniscus asellus
	
	

	
	Oniscus asellus 
	0.111
	<.001 *
	
	Wasmannia auropunctata 
	0.277
	<.001 *

	
	Pangaeus billineatus 
	0.141
	<.001 *
	Pangaeus billineatus
	
	

	Armadillidium vulgare
	
	
	
	Trichotichnus laevicollis
	0.141
	<.001 *

	
	Wasmannia auropunctata 
	0.153
	<.001 *
	
	Wasmannia auropunctata 
	0.103
	.001 *

	Labidura riparia
	
	
	
	
	
	

	
	Mecistocephalus punctifrons 
	0.137
	<.001 *
	
	
	
	

	F. Positive correlation between exotics and native species

	Aphodius sp.1
	
	
	Mecistocephalus punctifrons
	
	

	
	Crematogaster striatula
	0.068
	.025 *
	
	Ogovea cameroonensis
	0.166
	<.001 *

	
	Dorylus nigricans
	0.071
	.020 *
	
	Temnopteryx phalerata
	0.243
	<.001 *

	
	Forcipomyia sp.
	0.261
	<.001 *
	
	Tetramorium occidentale
	0.114
	<.001 *

	
	Kartinikus colonus
	0.142
	<.001 *
	
	Tetraponera anthracina
	0.086
	.005 *

	
	Paltothyreus tarsatus
	0.079
	.010 *
	Modicogryllus sp.
	
	

	
	Temnopteryx phalerata
	0.171
	<.001 *
	
	Phaelophilacris sp.
	0.282
	<.001 *

	
	Tetramorium occidentale
	0.181
	<.001 *
	
	Tefflus sp.
	0.578
	<.001 *

	
	Kartinikus colonus
	0.143
	<.001 *
	Oniscus asellus
	
	

	Armadillidium vulgare
	
	
	
	Aptera fusca
	0.117
	<.001 *

	
	Melanoides sp.
	0.127
	<.001 *
	
	Forficula senegalensis
	0.164
	<.001 *

	
	Platygryllus sp.2
	0.171
	<.001 *
	
	Platychiria umbrosus
	0.164
	<.001 *

	Labidura riparia
	
	
	Pangaeus billineatus
	
	

	
	Camponotus maculatus
	0.112
	<.001 *
	
	Platygryllus sp.2
	0.111
	<.001 *

	
	Dorylus nigricans
	0.134
	<.001 *
	Tetrix sp.
	
	

	
	Ogovea cameroonensis
	0.135
	<.001 *
	
	Neogryllopsis sp.
	0.336
	<.001 *

	
	Paltothyreus tarsatus
	0.148
	<.001 *
	
	Platygryllus sp.2
	0.575
	<.001 *

	
	Temnopteryx phalerata
	0.091
	.003 *
	Trichotichnus laevicollis
	
	

	Mecistocephalus punctifrons
	
	
	
	Graphipterus lineolatus
	0.498
	<.001 *

	
	Blatella germanica
	0.114
	<.001 *
	
	Neogryllopsis sp.
	0.228
	<.001 *

	
	Crematogaster gabonensis
	0.065
	.034 *
	Wasmannia auropunctata
	
	

	
	Dysdercus nigrofasciatus
	0.173
	<.001 *
	
	Aptera fusca
	0.082
	.007 *

	
	Macrotermes natalensis
	0.246
	<.001 *
	
	Heteronychus arator
	0.115
	<.001 *

	
	Neogryllopsis sp.
	0.064
	.036 *
	
	Melanoides sp.
	0.106
	<.001 *


*: significant correlation (p<0.05)
In the studied areas, species richness was high in rainy season in cocoa plantations and secondary forest. The additive species found in the rainy season would be either cryptic forms, or the ineffectiveness of capture techniques, or even a recolonization from neighboring forests as it is the case reported in Ph. megacephala (Jaquiéry et al., 2008; Pietrek et al., 2021). Pheidole megacephala and Pa. tarsatus managed to resist the invasion, corroborating works of Mbenoun Masse et al. (2017) who reported that Ph. megacephala, Paratrechina longicornis Latreille, 1802 (Formicidae), and My. opaciventris were able to repel W. auropunctata. Indeed, previous studies have documented the disappearance of the little fire ant and its replacement by Ph. megacephala, My. opaciventris and Pa. longicornis in urban sites (Mbenoun Masse et al. 2011, 2019, 2021). For instance, Opiliones, Spirobolida, Polydesmida, Blattaria, and Dermaptera, along with twenty families (including Clubionidae, Lycosidae, Blattidae, Chrysomelidae, Tetrigidae) were no longer or were lowly observed in cocoa plantations, corroborating reports of Ndoutoume-Ndong and Mikissa (2007) on negative effects of the little fire ant on invertebrates as well as on lizards, turtles, birds, dogs and cats (Jourdan et al., 2001).
4.2. Alpha diversity of the assemblage in cocoa plantations and secondary forest

In cocoa plantations, W. auropunctata was abundant and dominant (92.60% of the global collection), with a detrimental effect on macro-invertebrate’s species richness, diversity, and equitability. In the secondary forest, equitability and species dominance were close to the median level and the assemblage showed in dry season, three abundants My. opaciventris, Cr. gabonensis, and Ph. megacephala, the two formers being co-dominants. In rainy season, six species were abundant (Cr. gabonensis, Cr. striatula, My. opaciventris, Cs. bonvouloirii, Ph. speculifera, and Pa. tarsatus), the four formers being co-dominants. The fauna and flora composition change over time in the “landscape mosaic system” is well known (Yemefack et al., 2005; Njomgang et al., 2011). 
4.3. Beta diversity of the assemblages 

Low dissimilarities were noted, cocoa plantations being dominated by W. auropunctata known for its negative impact in invaded areas (Montgomery et al., 2022). The change in species composition from cocoa plantations to secondary forest was relatively large (Whittaker=0.782) according to interpretation of De Cáceres & Legendre (2009). In cocoa plantations, the little fire ant was negatively correlated with Me. punctifrons, or Pn. billineatus. It was the same between On. asellus and Pn. billineatus or Scaphoideus sp.. The intolerance could limit polyinvasion, but the little fire ant tolerarated On. asellus and other tolerances were noted between Scaphoideus sp. and Phaelophilacris sp., Ph. megacephala, or Tr. laevicollis. Associations of exotics to native pests would complicate biological management programs for crop protection, corroborating reports of Maho Yalen et al. (2013). In secondary forest, K. colonus preferred the dry season, while Cr. striatula, Do. nigricans, Og. cameroonensis, Pe. americana, Ph. speculifera, and Tm. phalerata preferred the rainy season. Camponotus maculatus, Cr. gabonensis, My. opaciventris, Pa. tarsatus, Ph. megacephala, and Me. punctifrons prefers the combination of dry and rainy seasons. Pheidole megacephala is an invasive pest ant (Wetterer, 2012; San Juan et al., 2025) while My. opaciventris presents characteristics common to tramp species but not present outside its native range (Kenne & Dejean, 1999). These natives were proposed as biological control agents against Solenopsis invicta in Florida (San Juan et al., 2025) and against the little fire ant in Cameroon (Mbanoun Masse et al., 2019).
4.4. Assemblage functioning in cocoa plantations and secondary forest
In the pooled sites, distributions in the rainy season and the pooled season best fitted the lognormal (LN) nomocenosis with a low rate of decrease in abundance by rank. Given that LN describes a poorly evolved or little disturbed communities, the majority of species have moderate abundance. This result is consistent with our recent publication (Fokam Payi et al., 2025). In cocoa plantations, despite the invasion (Wetterer, 2012; San Juan et al., 2025), Z model fitted distributions in the pooled seasons and dry season in the pooled sites, with a high average probability of the appearance of the dominants. A similar functioning model was reported in ants in urban area of Douala-Cameroon (Biawa-Kagmegni et al., 2021). In secondary forest ZM best fitted distributions with a low fractal dimension of the distribution of individuals among species. Zipf and ZM are adapted to evolved communities (Li, 2002). Secondary forest performed a natural sorting process.
5. Conclusion

The aims of the present study were to compare in Mbalmayo Reserve Forest (Obala-Cameroon) the composition and biodiversity of the soil-dwelling macro-invertebrates found in cocoa plantations invaded by W. auropunctata to the situation in neigbouring secondary forest. Specimens belonged to seven classes, 18 orders, 39 families, and 82 species. Contrary to secondary forest, cocoa plantations showed a low species richness, kow diversity, more exotic pests and were dominated by the little fire ant. Secondary forest showed more natives of unknown pest status and few native pests. Assemblages functionned on the basis of maintaining a multi-species network developed in time and space for the circulation of information, but with a weak force of regeneration. Secondary forest undergrowth was unfavorable for exotic pests.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS 

W. auropunctata: Wasmannia auropunctata Roger, 1863; GFW: Global Forest Watch; MRF: Mbalmayo Reserve Forest; SAD: Species Abundance Distribution; sp.: unidentified species; Cr. gabonensis: Crematogaster gabonensis Emery, 1899; Cr. striatula: Crematogaster striatula Emery, 1892; Do. nigricans: Dorylus (Anomma) nigricans Illiger 1802; My. opaciventris: Myrmicaria opaciventris Emery, 1893; Ph. speculifera: Pheidole speculifera Emery, 1877; Pa. tarsatus: Paltothyreus tarsatus Fabricius, 1798; BC: Bray-Curtis dissimilarity index; df: degree of freedom; p: probability risk; Ai. cylindricus: Aristogitus cylindricus Thomson, 1861; Ao. gabonicus: Aporodesmus gabonicus Lucas, 1858; Ap. fusca: Aptera fusca Thunberg. 1784; Ar. vulgare: Armadillidium vulgare Latreille, 1804; As. tecta: Aspidimorpha tecta Boheman, 1854; Bl. germanica: Blatella germanica Linnaeus, 1767; Bo. ephippium: Boeomimetes ephippium Boheman, 1860; Ca. maculatus: Camponotus maculatus Fabricius, 1782; Ca. vividus: Camponotus vividus Smith, 1858; Cs. bonvouloirii: Craspedophorus bonvouloirii Chaudoir, 1861; Cu. hessei: Curculio hessei Perrin 1999; Dy. nigrofasciatus: Dysdercus nigrofasciatus Stål, 1855; Fo. senegalensis: Forficula senegalensis Audinet-Serville, 1838; Gen.: undetermined genus; Gr. lineolatus: Graphipterus lineolatus Boheman, 1848; Gy. striolatus: Gymnostreptus striolatus Jeekel, 2002; He. arator: Heteronychus arator (Fabricius, 1775); Ho. alata: Holopterna alata Westwood. Hop. Catal. Hem. (1842); K. colonus: Kartinikus colonus Attems, 1914; La. riparia: Labidura riparia Pallas, 1773; Ly. melanurus: Lycus melanurus Dalman 1817; Ma. natalensis: Macrotermes natalensis Haviland, 1898; Me. punctifrons: Mecistocephalus punctifrons Newport, 1843; Mo. bicolor: Monomorium bicolor Emery, 1877; Na. cinctiventris: Nariscus cinctiventris (Germar, 1838); Od. troglodytes: Odontomachus troglodytes Santschi, 1914; Og. cameroonensis: Ogovea cameroonensis Giribet & Prieto, 2003; On. asellus: Oniscus asellus Linnaeus, 1758; Pe. americana: Periplaneta americana Linnaeus, 1758; Ph. megacephala: Pheidole megacephala Fabricius, 1793; Ph. speculifera: Pheidole speculifera Emery, 1877; Pl. umbrosa: Platychiria umbrosa Herrich-Schaeffer 1850; Pn. billineatus: Pangaeus billineatus Say, 1825; Pt. princeps: Pantoleistes princeps Stål, 1855; Su. dimidiata: Supella dimidiata Gerstaecker, 1869; Te. occidentale: Tetramorium occidentale Santschi, 1916; Tm. phalerata: Temnopteryx phalerata Saussure, 1864; Tr. laevicollis: Trichotichnus laevicollis Duftschmid, 1812; Tt. anthracina: Tetraponera anthracina Santschi, 1910; AIC: Akaike Information Criteria; BS: Broken-Stick model; LL: Log-linear model; LN: lognormal model; Z: Zipf model; ZM: Zipf-Mandelbrot model; NCCB: National Cocoa and Coffee Board.
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