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Community structure and functioning of the soil macro-invertebrates under invasion by Wasmannia auropunctata (Roger, 1863) (Hymenoptera: Formicidae) in Mbalmayo Reserve Forest (Centre-Cameroon)



ABSTRACT 
	Ecological survey in invaded and non-invaded sites allowed the verification of occurrence or persistence of Wasmannia auropunctata, and it’s impact on soil macro-invertebrates. Specimens were collected using baits (70% honey and 30% canned sardine, daily checked at 15 min intervals during 2 hours a day and five consecutive days a week), pitfalls (plastic tubes 150 mm length x 15 mm diameter, half filled with 10% formalin, weekly checking starting after seven days), and hand-picking by two peoples. Collections (September to November 2023) were conducted in the Mbalmayo Reserve Forest. A total of 33 sites were visited (29 and four in non-invaded and invaded areas respectively). In a site, three 1x50 m parallel transects were delimited (separation: 10 m), overlapping a plantation and a secondary forest. In a transect, eight quadrats were delimited (1x1 m; separation: 5 m). Baits were used in 1st transect, pitfalls in 2nd, and hand-picking in 3rd. In a site category 24 sessions were conducted (eight for baits, pitfalls; and hand-picking respectively). Captures were stored in labeled pill boxes containing 70%. A total of 129,916 specimens belonged to three phyla, seven classes, 18 orders, 39 families, and 84 species. Three and one sites were newly and formerly invaded respectively. Assemblage was highly species-rich in non-invaded sites (68 and 34 species in non-invaded and invaded sites respectively). Five orders and 20 families were absent in invaded sites. Oniscidae, Cydnidae, Scarabaeidae and Blaberidae were tolerated by Wa. auropunctata (highly abundant and dominant). Macro-invertebrates fauna was lowly even in invaded sites and operated by maintenance of a network of information with a weak force of regeneration. W. auropunctata caused disappearance of macro-invertebrates and dictated a functioning order to tolerated species. Sustainable approach may be developed against Wa. auropunctata.
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1. INTRODUCTION 
Terrestrial macro-invertebrates are soil living animals Without a backbone, easily identified on or above the soil, with large specimen (size more than 0.5 mm) enough to be seen with naked eyes and representing the majority of the world's animal species (Jacobsen et al., 2008). They widely belong to two phyla Arthropoda Gravenhorst, 1843 and Mollusca Cuvier, 1795 (Andren, 2001) and other taxa including Protozoa Goldfuss, 1818, Aschelminthes Grobben, 1910 (actually known as Pseudoceolomata Hyman, 1940, 1951 or Nemathelminthes Gegenbaur, 1859), and Annelida Lamarck, 1802, are limited by their need of aquatic or at least water-saturated environment, such as in the litter layer and in soil, and a lack of protection against ultraviolet rays (Andren, 2001). These groups can only move in the true terrestrial environment during nights with favorable weather conditions (Andren, 2001). Invasive species have received considerable attention over recent decades. They impact animal and human health, urban infrastructure, water systems, energy, and transportation, leading to changes in ecosystem services (Seebens, 2019; Seebens et al., 2019, 2021; Xie et al., 2020; Vantarová et al., 2023). They have significant implications, representing a threat to approximately one-third of terrestrial species and contributing to nearly half of known global extinctions (Blackburn et al., 2004; Courchamp et al., 2017; Vaissiere et al., 2022). The global economic cost of invasive species exceeds $423 billion annually, contributing to 60% of recorded plant and animal extinctions (Warziniack et al., 2021; Cuthbert et al., 2022)]. Moreover, climate change facilitates the spread of many invasive species by modifying existing environmental conditions, thus providing opportunities to colonize new habitats (Bellard et al., 2013; Bertelsmeier et al., 2015). It is projected that the number of established invasive species will increase by approximately 36% between 2005 and 2050 (Seebens et al., 2021). Social insects, particularly ants constitute an important part of invasive species (Meurisse et al., 2019; Bertelsmeier & Ollier 2021). Invasive taxa hotspots are mainly in tropical and subtropical regions of South America, Africa, Asia, and Oceanic islands, often overlapping with biodiversity hotspots. Approximately 23 invasive ant species have been reported of worldwide distribution, their negative impacts including predation on native species (affecting the population assemblages), competition for food resources, limitation of native species’ foraging activities and numerous other harmful effects on local biodiversity (Le Breton et al., 2006; Siddiqui et al., 2021). 
The little fire ant, Wasmannia auropunctata (Roger, 1863) (Hymenoptera: Formicidae) is a widespread and abundant invasive ant native to South and Central America, introduced to other localities in these regions as well as to West and Central Africa, Australia, and several Caribbean and Pacific islands (McGlynn, 1999; Holway et al., 2002; Wetterer. & Porter, 2003). It is one of the most destructive invasive ant species in the world (Lowe et al., 2000; Luque et al., 2014; Wetterer, 2013; Foucaud et al., 2010; Montgomery et al., 2022). This invader has widely spread in many continents including America, Africa, Asia, Europe and Oceania (Wetterer, 2013; Foucaud et al., 2010; Montgomery et al., 2022). Recent reports confirm its presence in France (Blight et al., 2024), Cyprus (Demetriou et al., 2022), and in the Chinese mainland (Jiaying et al., 2024). In many newly invaded areas, W. auropunctata can disrupt local ecosystems, displace native species, and contribute to a decrease in biological diversity (Lowe et al., 2000; Holway et al., 2002; Wetterer. & Porter, 2003; Foucaud et al., 2010; Wetterer, 2013; Luque et al., 2014; Demetriou et al., 2022; Jourdan et al., 2022; Montgomery et al., 2022; Blight et al., 2024; Jiaying et al., 2024). In Central Africa, the little fire ant was first reported in Gabon (Santschi, 1914) and later in Cameroon (de Mire, 1969). In Cameroon, the little fire ant was intentionally introduced in cocoa farms in Bidou II (South Region) as a biological control agent against mirid pests (de Mire, 1969). Although these biological control practice was abandoned over the time, it inadvertently facilitated the dispersal of W. auropunctata across various regions of the country combined with human activities (Tindo et al., 2012). Since the introduction of W. auropunctata in Cameroon, numerous studies documented its behavior, ecology and impact on local ant communities in agro-ecosystems (Mbenoun Masse et al., 2011, 2017, 2019, 2021), but little is known about its evolution in natural forest. Additionally, no comprehensive study has been conducted to assess its impact on soil-dwelling invertebrates other than ants. The present study aimed to contribute in filling gaps of information by updating its distribution and determining the impact of W. auropunctata on the composition, the species richness and abundances of soil-dwelling macro-invertebrates in the Mbalmayo Reserve Forest (MRF) (Centre-Cameroon). 

2. material and methods 
2.1. Study Site
Field investigations were set up from September to November 2023 in the northern part of the Mbalmayo Reserve Forest (MRF) (3°18’N, 11°22’E and 3°38’N, 11°32’E) located in the Centre Region of Cameroon where research activities were authorized (Fig. 1A, 1B and 1C). The presence of the little fire ant was first reported in the forest reserve in 2017 (Mbenoun Masse et al., 2017). MRF is located in the Central region of Cameroon (Nyong and So’o department and Mbalmayo district). It is limited to the West and the North by the Nyong River, to the South by the So'o River, and to the East by the national road N2 which links the towns Mbalmayo and Ebolowa (Fig. 1) (Mingang et al., 2022). The region belongs to the bioclimatic zone of the dense, moist evergreen and weakly deciduous forests. Many trees remain leafy all the year round while others lose their leaves during the dry season, the undergrowth and the surface of the ground presenting a thick layer of litter and dead leaves. The prevailing climate in MRF is a transitional equatorial type with four seasons of unequal duration: (1) a long rainy season from mid-March to mid-June of the same year, (2) a short dry season from mid-June to mid-August of the same year, (3) a small rainy season from mid-August to mid-November of the same year, October being the rainiest month, and (4) a long dry season from mid-November to mid-March of the following year, precipitations vary from 1,600 to 1,700 mm of rains and temperatures vary from 19 to 28°C Mingang et al., 2022). The landscape in MRF is a mosaic of degraded plant formations, dotted with plots of mixed food crops and several isolated small plots of village cocoa plantations Mingang et al., 2022).

2.2. Experimental Device and Procedure 
Based on the published reports (Tindo et al., 2012; Mbenoun Masse et al., 2017), the previously infested sites were revisited in order to confirm the persistence or disappearance of W. auropunctata, and residents were interviewed using an anonymous semi-structured questionnaire regarding recognition of the little fire ant, appearance date in their plantations, and impact on humans. 

























Fig. 1. Map of the Mbalmayo Reserve Forest (South-Cameroon) showing invaded (black circles) and non invaded sites (red circles). 
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

Sampling sites were categorized in two types: non-invaded sites and sites invaded by the little fire ant. Samplings were conducted in 33 collection points (29 points in the non-invaded area: S1 to S28 and S33; four points in the invaded area: S29 to S32) (Fig. 1D). The numbers of collection points in the invaded and non-invaded areas could not be balanced because the invaded area was very small compared to the non-invaded area in the northern part of the reserve in which captures were authorized. In a category of sites, 24 collection sessions were conducted (8 sessions using baits, pitfalls and quadrats respectively). The collection points were chosen after consent of the villagers who owned the plots. In a sampling point, three parallel transects of 1x50 m (separated from each other by a 10 m space) and overlapping the plantations and the secondary forest, were delimited. Then a total of 3x33=99 transects in all collection points (the 1st transect for the baiting capture, the 2nd for the pitfall trappings, and the 3rd for the hand-picking collection). A transect was divided into eight quadrats of 1x1 m, two contiguous quadrats being separated by a 5-meter space (8x99=792 quadrats in all transects). Bait capture consisted of one spot of teaspoon mixture 70% honey and 30% canned sardine as baits was placed on a 29.2x21.1 cm cardboard support and positioned on the ground surface at the centre of a quadrat and once a week checking was done every 15 min intervals during 2 hours a day in five consecutive days, following the procedure described by Agosti et al. (2000) and Bertelsmeier et al. (2000). Pitfall traps were plastic tubes (150 mm in length and 15 mm in diameter), half filled with 10% formalin, placed at the centre of the quadrat, protected from rain by a small plastic cover. Pitfalls were checked after seven days during five consecutive days. In a checking day, captures were sorted from debris, the solution was renewed and the tube was replaced for the further collection. Hand-picking capture was done in quadrats by two people (small specimen of macro-invertebrates were collected using a mouth aspirator whereas forceps were used for large specimen) in the leaf litter, the decaying trunks of dead trees, under the bark of trees and the removed stones. Captured specimens were stored in labelled pill boxes containing 70% ethanol.

2.3. Specimen identification
Specimens were identified to the species level or assigned as morph-species using keys, catalogs, and checklists. For a species, the native range as well as geographic distribution and ecological status were noted from the available reports on Araneae Clerck, 1757, Blattodea Latreille, 1810, Caenogastropoda incertae sedis, Coleoptera Linnaeus, 1758, Dermaptera De Geer, 1773, Diptera Linnaeus, 1758, Geophilomorpha Pocock, 1895, Haplotaxida Brinkhurst, 1971, Hemiptera Linnaeus, 1758, Heteroptera Latreille, 1810, Hymenoptera Linnaeus, 1758, Lepidoptera Linnaeus, 1758, Opiliones Sundevall, 1833, Polydesmida Leach, 1815, Spirobolida Cook & Collins, 1895, Spirostreptida Brandt, 1833, Stylommatophora Schmidt, 1856, and Orthoptera Latreille, 1793 (Krabbe, 1982; Freeman & Lane, 1985; Mestre, 1988; Giribet & Prieto, 2003; Bonato & Minelli, 2004; Gelhaus, 2005; Hoffman, 2005; Picker et al., 2005; Jocque & Dippenaar-Schoeman, 2007; Uliana et al., 2007; Stehlik & Jindra, 2008; Wesener et al., 2009; Lecoq, 2010; Mawdsley et al., 2011; Shelley & Golavatch, 2011; Golovatchi et al., 2011; Vohland & Hamer, 2013; Ettienne & Hereau, 2015; Mally et al., 2015; Prisniy et al., 2015; Plisko & Nxele, 2015; Taylor, 2015; Galli, 2017; Swanson, 2017; Mbata, 2018; Nirmali. & Hazarika, 2019; Ostrovsky, 2019; Hackel, 2020; Panahi et al., 2020; Aigner et al., 2021; Malatji et al., 2021; Golovatch & Vandenspiegel, 2022; Beverley, 2024; Bonato et al., 2024; EPPO, 2024; GBIF Secretariat, 2024; MILLI-PEET, 2024; NBD, 2024; Sierwald et al., 2024). Voucher specimens were deposited in the Laboratory of Zoology (Faculty of Science, University of Yaoundé 1).

3. results 
3.1. Occurrence of the little fire ant in the study sites
A total of 32 sites were visited in the MRF (29 collecting points coded as S1 to S28 and S33 in non-invaded area and four points S29, S30, S31 and S32 in invaded sites; Fig. 1D). One invaded site (S31) has been reported since 2012 (Tindo et al., 2012; Mbenoun Masse et al., 2017). 

3.2. Estimated species richness of the assemblages of macro-invertebrates
[bookmark: _GoBack]In non-invaded sites 8,384 specimens of nine species, 307 of 36 species, 510 of 54 species and 9,201 od 68 species were collected using respectively baits, pitfall tramps, quadrats and the pooled methods (Table 1) (Fisher’s exact test: baits vs. pitfalls: P<.001; baits vs. quadrats: P<.001; pitfalls vs. quadrats: P<.001) (Table 1). The individual rarefaction curves did not show the plateaus representation and for a standard sample of 291 specimens, the expected species richness was very low for baits (ESn=291=7±1 species) and very high for quadrats (ESn=291=43±3 species) while it was intermediate between the two extremes for pitfall traps (ESn=291=36±1 species) and for the pooled methods (ESn=291=17±2 species). The “true” species richness estimated using eight non-parametric estimators showed a maximal sampling effort (SE=100.0%) in baits for ACE and Chao 1 indices. It was very low (SE=46.6%) in quadrats and other values were intermediate between the two extremes (Table 1). The mean “true” species richness was very low (10 species) in baits and very high (97 species) in the pooled methods while values in pitfall traps and quadrats were intermediate between the two extremes (Table 1). Escaped species varied from one in baits to 36 in quadrats while values in pitfalls and the pooled methods were intermediate between the two extremes (Table 1). 
In invaded sites, 41,024 specimens of four species, 25,183 of 24 species, 54,508 of 18 species and 120,715 of 34 species were collected using respectively baits, pitfall tramps, quadrats and the pooled methods (Table 1) (Fisher’s exact test: baits vs. pitfalls: P<.001; baits vs. quadrats: P<.001; pitfalls vs. quadrats: P<.001) (Table 1). The individual rarefaction curves did not once more show the plateaus representation and for a standard sample of 25,183 specimens, the expected species richness was very low for baits (ESn=25,143=3±1 species) and very high for the pitfall tramps (ESn=25,143=24±0 species) while it was intermediate between the two extremes for quadrats (ESn=25,143=15±1 species) and for the pooled methods (ESn=25,143=19±2 species). The estimated “true” species richness showed a highest sampling effort (SE=85.7%) in quadrats for the Bootstrap index. It was low (SE=30.8%) in baits for ICE and other values were intermediate between the two extremes (Table 1). The mean “true” species richness was very low (seven species) in baits and very high (46 species) in the pooled methods while values in pitfalls and quadrats were intermediate between the two extremes (Table 1). Based on the observed species richness and the mean “true” species richness, species that escaped during the collection sessions varied from three in baits to 12 in pitfall traps and the pooled methods respectively while the value recorded in quadrats was intermediate between the two extremes (Table 1). Then quadrats were quantitatively effective with more specimens captured while pitfalls were qualitatively effective with more species captured.

Table 1. Observed species richness, estimated “true” species richness, escaped species and the sampling effort in non-invaded sites and invaded sites.

	
	A. Non-invaded sites
	B. Invaded sites
	C. Pooled sites

	Est.
	I
	II
	III
	IV
	I
	II
	III
	IV
	I
	II
	III
	IV

	S
	9
	36
	54
	68
	4
	24
	18
	34
	12
	50
	65
	84

	1 (SE)
	9
(100)
	38
(95)
	78 
(69)
	85 
(80)
	5 
(80)
	32
(75)
	22 
(82)
	45 
(76)
	15 
(80)
	57
(88)
	90
(72)
	105
(80)

	2 (SE)
	10 
(90)
	41
(88)
	66 
(82)
	80 
(85)
	5 
(80)
	29
(83)
	21 
(86)
	40 
(85)
	13 
(92)
	58
(86)
	78
(83)
	98
(86)

	3 (SE)
	9
(100)
	40
(90)
	77 
(70)
	101
(67)
	5 
(80)
	30
(80)
	28 
(64)
	42 
(81)
	14 
(86)
	59
(85)
	95
(68)
	120
(70)

	4 (SE)
	10
(90)
	40
(90)
	108 
(50)
	105
(65)
	7 
(57)
	35
(69)
	24 
(75)
	46 
(74)
	18 
(67)
	60
(83)
	129
(50)
	120
(70)

	5 (SE)
	10
(90.0)
	46
(78.3)
	116 
(46.6)
	106
(64.2)
	13
(30.8)
	47
(51.1)
	25 
(72.0)
	50 
(68.0)
	15 
(80.0)
	68
(73.5)
	110
(59.1)
	118
(71)

	6 (SE)
	11
(82)
	46
(78)
	82 
(66)
	96 
(71)
	7 
(57)
	35
(69)
	24 
(75)
	47
(72)
	16
(75)
	66
(76)
	96 
(68)
	114
(74)

	7 (SE)
	12
(75)
	46
(78)
	102
(53)
	113
(60)
	9
(44)
	42
(57)
	28 
(64)
	55
(62)
	19
(63)
	69
(73)
	118
(55)
	132
(64)

	8 (SE)
	10
(90)
	53
(68)
	88
(61)
	87
(78)
	5 
(80)
	38
(63)
	23
(78)
	45
(76)
	14
(86)
	72
(69)
	96
(68)
	104
(81)

	S* (SE)
	10
(90)
	44
(82)
	90
(60)
	97
(70)
	7 
(57)
	36
(67)
	24
(75)
	46
(74)
	16
(75)
	64
(78)
	100
(65)
	114
(74)

	Escaped 
	1
	8
	36
	29
	3
	12
	6
	12
	4
	14
	35
	30


I: Baits; II: Pittfalls; III: Quadrats; IV: Pooled techniques; Est.: Estimator; n: sample size; S: observed species richness; S*: estimated species richness; SE: sampling effort = (S/S*)100; 1: ACE; 2: Bootstrap; 3: Chao 1; 4; Chao 2; 5: ICE; 6: Jack 1; 7: Jack 2; 8: MMmeans; ACE: Abundance-based coverage estimator; ICE: Incidence-based Coverage Estimator; Jack 1: the first-order Jackknife richness estimator; Jack 2: the second-order Jackknife richness estimator; MMmeans: Michaelis-Menten means estimator


3.3. Composition of the assemblages of macro-invertebrates
A total of 129,916 specimens (9,201 and 120,715 from non-invaded and invaded sites respectively) belonged to three phyla, seven classes, 18 orders, 39 families, 40 subfamilies, 53 genera and 84 species and morph-species. A total of 8,688 specimens of 50 species and morph-species were recorded exclusively in non-invaded sites, 120,416 of 16 species and morph-species were recorded exclusively in invaded sites, 812 of 18 species and morph-species were common to both sites. The identified three phyla were Annelida Lamarck, 1802 (49 specimens: 31 from non-invaded sites, and 18 from invaded ones), Arthropoda Gravenhorst, 1843 (129,797 specimens: 9,170 and 120,627 from non-invaded and invaded sites respectively) and Mollusca Cuvier, 1795 (70 specimens). Mollusca were recorded exclusively in invades sites (Table 2). Arthropoda was the most abundant (99.9% of the total collection) followed by Mollusca and Annelida (less than 1.0% each). 
Amongst classes, five of them belonged to Arthropoda: Arachnida Cuvier, 1812 (78 specimens: 72 and six from non-invaded and invaded sites respectively), Chilopoda Latreille, 1817 (17 specimens: 16 and one from non-invaded and invaded sites respectively), Diplopoda de Blainville in Gervais, 1844 (36 specimens: 24 and 12 from non-invaded and invaded sites respectively), Insecta Linnaeus, 1758 (most represented with 129,522 specimens: 9,056 and 120,466 from non-invaded and invaded sites respectively) and Malacostrata Latreille, 1802 (144 specimens: two and 142 from non-invaded and invaded sites respectively) (Table 2). Clitellata Michaelsen 1919 represented Annelida, and Gastropoda Cuvier, 1797 represented Mollusca exclusively in invaded sites. Insecta was the most recorded (129,522 specimens i.e. 99.7%: 9,056 and 120,466 from non-invaded and invaded sites respectively) followed by Malacostrata (2 and 142 specimens), Diplopoda (24 and 12 specimens), Arachnida (72 and 6 specimens), and Chilopoda (16 and one specimens). Clitellata and Gastropoda were rare (Table 2).
Amongst orders, five (44 specimens) were recorded exclusively in non-invaded sites: Dermaptera De Geer, 1773 (four specimens), Heteroptera Latreille, 1810 (three specimens), Opiliones Sundevall, 1833 (28 specimens), Polydesmida Leach, 1815 (eight specimens), Spirobolida Cook in Cook & Collins, 1895 (one specimen). Three orders (84 specimens) were recorded exclusively in invaded sites (Caenogastropoda incertae sedis (13 specimens), and Diptera Linnaeus, 1758 (one specimen), and Stylommatophora Schmidt, 1856 (57 specimens). Ten orders (129,801 specimens) were commonly collected in both sites: Araneae Clerck, 1757 (50 specimens: 44 and six specimens from non-invaded and invaded sites respectively), Blattodea Latreille, 1810 (123 specimens: 104 and 19 specimens from non-invaded and invaded sites respectively), Coleoptera Linnaeus, 1758 (37 specimens: 18 and 19 specimens from non-invaded and invaded sites respectively), Geophilomorpha Pocock, 1895 (17 specimens: 16 and one specimen from non-invaded and invaded sites respectively), Haplotaxida Brinkhurst, 1971 (49 specimens: 31 and 18 specimens from non-invaded and invaded sites respectively), Hemiptera Linnaeus, 1758 (179 specimens: 68 and 111 specimens from non-invaded and invaded sites respectively), Hymenoptera Linnaeus, 1758 (129,145 specimens: 8,833 and 120,312 specimens from non-invaded and invaded sites respectively), Isopoda Latreille, 1817 (144 specimens: two and 142 specimens from non-invaded and invaded sites respectively), Orthoptera Latreille, 1793 (30 specimens: 26 and four specimens from non-invaded and invaded sites respectively), and Spirostreptida Brandt, 1833 (27 specimens: 15 and 12 specimens from non-invaded and invaded sites respectively). Then 15 and 13 orders occurred in non-invaded and invaded sites respectively. Hymenoptera (99.4%) was the most collected. Other orders were rare (Table 2). 
Twenty families occurred exclusively in non-invaded sites. Six families occurred exclusively in invaded sites: Achatinidae Swainson, 1840, Armadillidiidae Brandt, 1833, Blaberidae Saussure, 1864, Ceratopogonidae Newman, 1834, Spirostreptidae Pocock, 1894 (Spirostreptida), and Thiaridae Troschel, 1857 (Table 2). Thirteen families listed in Table 2 were commonly recorded in both sites: Araneidae Clerck, 1757, Blattellidae Karny, 1908, Carabidae Latreille, 1802, Cicadellidae Latreille, 1802, Cydnidae Billberg, 1820, Formicidae Latreille, 1809, Ectobiidae Brunner von Wattenwyl, 1865, Gryllidae Laicharting, 1781, Lumbricidae Claus, 1876, Mecistocephalidae Bollman, 1893, Oniscidae Latreille, 1802, Phalangopsidae Blanchard, 1845, and Scarabaeidae Latreille, 1802 (Table 2). Then 35 and 20 families were recorded in non-invaded and invaded sites respectively. 
Sixty-six species and morph-species (129,104 specimens) were exclusively from one site: 9,201 specimens of 68 species and morph-species exclusively in non-invaded sites, and 120,715 specimens of 34 taxa exclusively in invaded sites (Table 2). Five morph-species were cosmopolitan (Aphodius sp.1 Illiger, 1798, Neogryllopsis sp. Otte 1983, Phaeophilacris sp. Walker, 1871, Platygryllus sp.2 Chopard, 1961, and Scaphoideus sp. Uhler, 1889) (Table 2). 
In non-invaded sites, the most collected species was Crematogaster gabonensis Emery, 1899 (3.0%) and other species were rare. In invaded sites, Wasmannia auropunctata Roger, 1863 was the mostly collected (92.6%). In the overall distribution, W. auropunctata was mostly recorded (Table 2). Forty-four species were native to tropical Africa (Tables 2) and 25 species were of unknown status: 19 species from non-invaded sites (Amblybolus sp. Keeton, 1964, Aporodesmus gabonicus Lucas, 1858, Aristogitus cylindricus Thomson, 1861, Boeomimetes ephippium Boheman, 1860, Camponotus maculatus Fabricius, 1782, Ca. vividus Smith, 1858, Crematogaster gabonensis Emery, 1899, Cr. striatula Emery, 1892, Dorylus (Anomma) nigricans Illiger 1802, Forficula senegalensis Audinet-Serville, 1838, Holopterna alata Westwood, 1842, Myrmicaria opaciventris Emery, 1893, Odontomachus troglodytes Santschi, 1914, Ogovea cameroonensis Giribet & Prieto, 2003, Pheidole speculifera Emery, 1877, Platychiria umbrosa Herrich-Schaeffer 1850, Platygryllus sp. 1 Chopard, 1961, Tetramorium occidentale Santschi, 1916 and Tetraponera anthracina Santschi, 1910). Six species and morphospecies were commonly recorded in both categories of sites: Kartinikus colonus Attems, 1914, Neogryllopsis sp. Otte 1983, Paltothyreus tarsatus Fabricius, 1798, Phaeophilacris sp. Walker, 1871, Platygryllus sp.2 Chopard, 1961 and Temnopteryx phalerata Saussure, 1864. Other 40 species and morph-species were of exotic origin (Tables 2). Fourteen native species and morph-species were pests (Tables 2). Seven species were recorded exclusively in non-invaded sites (Aspidimorpha tecta Boheman, 1854, Curculio hessei Perrin 1999, Dysdercus nigrofasciatus Stål, 1855, Monomorium bicolor Emery, 1877, Nariscus cinctiventris Germar, 1838, Periplaneta americana Linnaeus, 1758, and Supella dimidiata Gerstaecker, 1869). 
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Table 2. Absolute and relative abundance of the recorded species and morph-species of macro-invertebrates 

	Class / Order / Family
	Species, morph-species, ecological status and origin
	A. (%)
	B. (%)
	C. (%)

	Arachnida Cuvier, 1812

	
	Araneae Clerck, 1757

	
	
	Araneidae Clerck, 1757
	Unidentified 1
	5 (0.004)
	-
	5 (0.004)

	
	
	
	Unidentified 2
	4 (0.003)
	1 (0.001)
	5 (0.004)

	
	
	
	Unidentified 3
	7 (0.005)
	-
	7 (0.005)

	
	
	
	Unidentified 4
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Unidentified 5
	5 (0.004)
	-
	5 (0.004)

	
	
	
	Unidentified 6
	3 (0.002)
	-
	3 (0.002)

	
	
	
	Unidentified 7
	1 (0.001)
	3 (0.002)
	4 (0.003)

	
	
	
	Unidentified 8
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Unidentified 9
	2 (0.002)
	-
	2 (0.002)

	
	
	
	Unidentified 10
	2 (0.002)
	-
	2 (0.002)

	
	
	
	Unidentified 11
	-
	1 (0.001)
	1 (0.001)

	
	
	
	Unidentified 12
	-
	1 (0.001)
	1 (0.001)

	
	
	Clubionidae Simon, 1878
	Unidentified 1
	3 (0.002)
	-
	3 (0.002)

	
	
	
	Unidentified 2
	1 (0.001)
	-
	1 (0.001)

	
	
	Lycosidae Sundevall, 1833
	Unidentified 1
	3 (0.002)
	-
	3 (0.002)

	
	
	Lycosidae Sundevall, 1833
	Unidentified 2
	2 (0.002)
	-
	2 (0.002)

	
	
	Sparassidae
	Unidentified
	4 (0.003)
	-
	4 (0.003)

	
	Opiliones Sundevall, 1833

	
	
	Ogoveidae Shear, 1980
	Ogovea cameroonensis Giribet & Prieto, 2003 UN, TAF, WD,
	28 (0.022)
	-
	28 (0.022)

	Chilopoda Latreille, 1817

	
	Geophilomorpha Pocock, 1895

	
	
	Mecistocephalidae Bollman, 1893
	Mecistocephalus punctifrons Newport, 1843 UN, TAS(IN)
	16 (0.012)
	1 (0.001)
	17 (0.013)

	Clitellata Michaelsen 1919

	
	Haplotaxida Brinkhurst, 1971

	
	
	Lumbricidae Claus, 1876
	Unidentified 1
	25 (0.019)
	13 (0.010)
	38 (0.029)

	
	
	
	Unidentified 2
	6 (0.005)
	5 (0.004)
	11 (0.009)

	Diplopoda de Blainville in Gervais, 1844

	
	Polydesmida Leach, 1815

	
	
	Cryptodesmidae Karsch, 1880
	Aporodesmus gabonicus Lucas, 1858 UN, TAF,
	8 (0.006)
	-
	8 (0.006)

	
	Spirobolida Cook in Cook & Collins, 1895

	
	
	Spirobolida incertae sedis
	Amblybolus sp. Keeton, 1964 UN, TAF,
	1 (0.001)
	-
	1 (0.001)

	Diplopoda de Blainville in Gervais, 1844

	
	Spirobolida Cook in Cook & Collins, 1895

	
	
	Spirostreptidae Brandt, 1833
	Gymnostreptus striolatus Jeekel, 2002 UN, TAM (NB, SU)
	-
	3 (0.002)
	3 (0.002)

	
	Spirostreptida Brandt, 1833

	
	
	
	Kartinikus colonus Attems, 1914 UN, TAF
	15 (0.012)
	9 (0.007)
	24 (0.019)

	Gastropoda Cuvier, 1797

	
	Caenogastropoda incertae sedis

	
	
	Thiaridae Troschel, 1857
	Melanoides sp. Olivier, 1804 Pest (IHT), TAF
	-
	13 (0.010)
	13 (0.010)

	
	Stylommatophora Schmidt (d), 1856

	
	
	Achatinidae Swainson, 1840
	Unidentified 1
	-
	50 (0.039)
	50 (0.039)

	
	
	
	Unidentified 2
	-
	4 (0.003)
	4 (0.003)

	
	
	
	Unidentified 3
	-
	3 (0.002)
	3 (0.002)

	Insecta Linnaeus, 1758

	
	Blattodea Latreille, 1810

	
	
	Blaberidae Saussure, 1864
	Aptera fusca Thunberg. 1784 Pest, TAF (SAF)
	-
	11 (0.009)
	11 (0.009)

	
	
	Blatellidae Karny, 1908 
	Blatella germanica Linnaeus, 1767 Pest, inv. TAF, COS, WD
	3 (0.002)
	3 (0.002)
	6 (0.005)

	
	
	
	Supella dimidiata Gerstaecker, 1869 Pest (indoor), TAF, COS, 
	3 (0.002)
	-
	3 (0.002)

	
	
	
	Temnopteryx phalerata Saussure, 1864 UN, TAF (SAF)
	51 (0.039)
	5 (0.004)
	56 (0.043)

	
	
	Blattidae Handlirsch, 1925
	Periplaneta americana Linnaeus, 1758 Pest (indoor), TAF, COS, 
	4 (0.003)
	-
	4 (0.003)

	
	
	Termitidae Latreille, 1802
	Macrotermes natalensis Haviland, 1898 Cont (Pest /useful) TAF 
	43 (0.033)
	-
	43 (0.033)

	
	Coleoptera Linnaeus, 1758

	
	
	Carabidae Latreille, 1802
	Boeomimetes ephippium Boheman, 1860 UN, TAF (SAF) 
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Undetermined 1
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Undetermined 2
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Craspedophorus bonvouloirii Chaudoir, 1861 Pre, TAF(SAF)
	-
	1 (0.001)
	1 (0.001)

	
	
	
	Graphipterus lineolatus Boheman, 1848 Pre, TAF (SAF)
	1 (0.001)
	1 (0.001)
	2 (0.002)

	
	
	
	Tefflus sp. Leach, 1819 Pre, TAF
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Trichotichnus laevicollis Duftschmid, 1812 Pest (Crops), EU
	-
	2 (0.0015)
	2 (0.0015)

	
	
	Cerambycidae Latreille, 1802
	Aristogitus cylindricus Thomson, 1861 UN, TAF (SAF)
	1 (0.001)
	-
	1 (0.001)

	
	
	Chrysomelidae Latreille, 1802
	Aspidimorpha tecta Boheman, 1854 Pest (Crops), TAF
	2 (0.002)
	-
	2 (0.002)

	
	
	Curculionidae Latreille, 1802
	Curculio hessei Perrin 1999 Pest (seeds), TAF
	1 (0.0008)
	-
	1 (0.0008)

	
	
	Lycidae Laporte, 1836
	Lycus melanurus Dalman 1817 Useful (Pre), TAF
	1 (0.0008)
	-
	1 (0.0008)

	
	
	Scarabaeidae Latreille, 1802
	Aphodius sp. 1 Illiger, 1798, UN, EU
	5 (0.0038)
	2 (0.0015)
	7 (0.0054)

	
	
	
	Aphodius sp. 2 Illiger, 1798 UN, EU
	-
	2 (0.0015)
	2 (0.0015)

	
	
	
	Heteronychus arator Fabricius, 1775 Pest (Crops), TAF(SAF)
	-
	11 (0.009)
	11 (0.009)

	
	
	
	Unidentified 1
	1 (0.001)
	-
	1 (0.001)

	
	
	
	Unidentified 2
	1 (0.001)
	-
	1 (0.001)

	
	
	Staphilinidae Latreille, 1802
	Unidentified 
	1 (0.001)
	-
	1 (0.001)

	
	Dermaptera De Geer, 1773

	
	
	Forficulidae Stephens, 1829
	Forficula senegalensis Audinet-Serville, 1838 UN, TAF, COS
	1 (0.001)
	-
	1 (0.001)

	
	
	Labiduridae Verhoeff, 1902
	Labidura riparia Pallas, 1773 Pre., STA, TAM, COS, WD
	3 (0.002)
	-
	3 (0.002)

	
	Diptera Linnaeus, 1758

	
	
	Ceratopogonidae Newman, 1834
	Forcipomyia sp. Meigen, 1818 Pest (biting midge), TAF, WD
	-
	1 (0.001)
	1 (0.001)

	
	Hemiptera Linnaeus, 1758

	
	
	Alydidae Amyot & Serville, 1843
	Nariscus cinctiventris Germar, 1838 Pest (Crops), TAF (SAF)
	1 (0.001)
	-
	1 (0.001)

	
	
	Cicadellidae Latreille, 1802
	Scaphoideus sp. Uhler, 1889 Pest (vector), EAS, WD
	63(0.049)
	26 (0.020)
	89 (0.069)

	
	
	Cydnidae Billberg, 1820
	Pangaeus billineatus Say, 1825 Pest (Crops), NAM
	3 (0.002)
	84 (0.065)
	87 (0.067)

	
	
	Reduviidae Latreille, 1807
	Pantoleistes princeps Stål, 1855 Pest (Crops), TAF (SAF)
	-
	1 (0.001)
	1 (0.001)

	
	
	
	Platychiria umbrosa Herrich-Schaeffer 1850 UN, TAF
	1 (0.001)
	-
	1 (0.001)

	
	Heteroptera Latreille, 1810

	
	
	Coreidae Leach, 1815
	Holopterna alata Westwood, 1842 UN, TAF (EAF, SEAF)
	1 (0.001)
	-
	1 (0.001)

	
	
	Pyrrhocoridae Amyot & Serville, 1843
	Dysdercus nigrofasciatus Stål, 1855 Pest (crops), TAF, WD
	2 (0.002)
	-
	2 (0.002)

	
	Hymenoptera Linnaeus, 1758

	
	
	Formicidae Latreille, 1809
	Camponotus maculatus Fabricius, 1782 UN, TAF
	51 (0.039)
	-
	51 (0.039)

	
	
	
	Ca. vividus Smith, 1858 UN, TAF
	4 (0.003)
	-
	4 (0.003)

	
	
	
	Crematogaster gabonensis Emery, 1899 UN, TAF
	3841(2.96)
	-
	3841 (2.957)

	
	
	
	Cr. striatula Emery, 1892 UN, TAF
	823(0.634)
	-
	823 (0.634)

	
	
	
	Dorylus (Anomma) nigricans Illiger 1802 UN, TAF
	1259(0.969)
	-
	1259 (0.969)

	
	
	
	Monomorium bicolor Emery, 1877 Pest, inv., TAF
	7 (0.005)
	-
	7 (0.005)

	
	
	
	Myrmicaria opaciventris Emery, 1893 UN, TAF
	2163(1.665)
	-
	2163 (1.665)

	
	
	
	Odontomachus troglodytes Santschi, 1914 UN, TAF
	17 (0.013)
	-
	17 (0.013)

	
	
	
	Paltothyreus tarsatus Fabricius, 1798 UN, TAF
	157(0.121)
	2 (0.002)
	159 (0.122)

	
	
	
	Pheidole megacephala Fabricius, 1793 Pest, inv., TAF, WD
	143 (0.110)
	11 (0.009)
	154 (0.119)

	
	
	
	Ph. speculifera Emery, 1877 UN, TAF
	347(0.267)
	-
	347 (0.267)

	
	
	
	Tetramorium occidentale Santschi, 1916 UN, TAF
	6 (0.005)
	-
	6 (0.005)

	
	
	
	Tetraponera anthracina Santschi, 1910 UN, TAF
	15 (0.012)
	-
	15 (0.012)

	
	
	
	Wasmannia auropunctata Roger, 1863 Pest, inv., TAM, WD
	-
	120,299 (92.6)
	120,299 (92.6)

	
	Orthoptera Latreille, 1793

	
	
	Gryllidae Laicharting, 1781
	Modicogryllus sp. Chopard, 1961 UN, EU
	4 (0.003)
	-
	4 (0.003)

	
	
	Gryllidae Laicharting, 1781
	Neogryllopsis sp. Otte 1983 UN, TAF(EAF, SAF)
	11 (0.009)
	2 (0.0015)
	13 (0.010)

	
	
	
	Platygryllus sp. 1 Chopard, 1961 UN, TAF, SEU, AS
	3 (0.002)
	-
	3 (0.002)

	
	
	
	Platygryllus sp. 2 Chopard, 1961 UN, TAF, SEU, AS
	3 (0.002)
	1 (0.0008)
	4 (0.003)

	
	
	Phalangopsidae Blanchard, 1845
	Phaeophilacris sp. Walker, 1871 UN, TAF
	4 (0.003)
	1 (0.0008)
	5 (0.004)

	
	
	Tetrigidae Rambur, 1838
	Tetrix sp. Latreille, 1802 UN, EU
	1 (0.001)
	-
	1 (0.001)

	Malacostrata Latreille, 1802

	
	Isopoda Latreille, 1817

	
	
	Armadillidiidae Brandt, 1833
	Armadillidium vulgare Latreille, 1804 Pest (Crops), EU
	-
	13 (0.010)
	13 (0.010)

	
	
	Oniscidae Latreille, 1802
	Oniscus asellus Linnaeus, 1758 UN, EU (BI, WE, NE)
	2 (0.002)
	129(0.099)
	131 (0.101)

	Global
	
	9,201 (7.1)
	120,715 (92.9)
	129,916 (100.0)


A. Non-invaded sites; B. Invaded sites; C. Pooled sites; sp.: unidentified species; inv.: invasive species; pest: pest species; AU: native to Australia; BI: British Isle; Cont: controversial status; COS: cosmopolitan species; EAF: East Africa; EU: Native to Europe; HF: Human food; IHT: Intermediate host of trematods; IN: India; inv. Invasive species; ME: Mediterranean; MEAF: Middle East Africa; MEAS: Middle East Asia; NAM: North America; NB: North Brasilia; NE: North Europe; NEAF: North East Africa; NZ: Native to New-Zealand; PI: Pacific Islands; Pre.: Predator;  Ref.: References; SAF: South Africa; SEAF: South East Africa; SEU: South Europe; STA: Subtropical America; SAS: Southern Asia; T&ST: Tropical and Subtropical; TAF: Tropical Africa; TAM: Tropical America; TAS: Tropical Asia; SU: Surinam; UN: Unknown; WE: Western Europe; WD: Widely distributed; WTAF: West Tropical Africa.

Five species were recorded exclusively in invaded sites (Aptera fusca Thunberg. 1784, Forcipomyia sp. Meigen, 1818, Heteronychus arator Fabricius, 1775, Melanoides sp. Olivier, 1804, and Pantoleistes princeps Stål, 1855); and two of them (Blatella germanica Linnaeus, 1767 and Pheidole megacephala Fabricius, 1793) were common to both categories of sites. Macrotermes natalensis Haviland, 1898 was of controversial status (either pest of crops or useful as human food). Four useful species and morpho-species were predators: Lycus melanurus Dalman 1817 and Tefflus sp. Leach, 1819 were recorded exclusively in non-invaded sites, Craspedophorus bonvouloirii Chaudoir, 1861 was recorded exclusively in invaded sites, and Graphipterus lineolatus Boheman, 1848 was commonly recorded in both categories of sites.
Thirteen exotic species and morph-species were collected, amongst which pest taxa were highly recorded (Tables 2). Seven exotic species of unknown status were recorded: Modicogryllus sp. Chopard, 1961 and Tetrix sp. Latreille, 1802 exclusively from non-invaded sites, Gymnostreptus striolatus Jeekel, 2002 and Aphodius sp. 2 Illiger, 1798 exclusively from invaded sites, Aphodius sp.1, Mecistocephalus punctifrons Newport, 1843, and Oniscus asellus Linnaeus, 1758 were common to both categories of sites. Three exotic species (Armadillidium vulgare Latreille, 1804, Trichotichnus laevicollis Duftschmid, 1812 and W. auropunctata) were exclusively from invaded sites. Pangaeus billineatus Say, 1825 and Scaphoideus sp. were common to both categories of sites. One useful exotic species (Labidura riparia Pallas, 1773) known as predator was recorded. Then a total of seven exotic taxa of unknown pest status were recorded, as well as five exotic pest taxa, and one useful exotic taxon. 
The pooled collection presented 57 identified species and morph-species (32 species and morph-species of unknown status, 19 pest species, one species of a controversial status and five useful species). Pest taxa were mostly collected (Tables 2).

3.3.1. Alpha diversity of macro-invertebrates 
Although values of the Margalef’s index were high, assemblages presented an overall low species richness (richness ratio close to null in all cases) (Table 3). Individual rarefaction curves plotted for the two categories of sampling sites did not approach the species saturation plateaus (Fig. 2). The curve obtained in invaded sites was situated faraway below the ones obtained in non-invaded sites and the pooled sites. Then suggesting low species richness in invaded sites and high species richness in non-invaded sites. For a standard sample of 8,001 individuals, the settlement in non-invaded sites appeared most diverse (ES(n=8,001)=65±2 species). The settlement in invaded sites appeared very low diverse (ES(n=8,001)=11±2 species), and the pooled sites showed a species richness between the two extremes (ES(n=8,001)=31±3 species). Considering the Chao 1 non-parametric estimator, the highest sampling effort (81.9%) was recorded in invaded sites and the lowest (69.4%) was recorded in non-invaded sites. The number of theoretical species that escaped during the collection sessions was 30, 8 and 31 in non-invaded, invaded and the pooled sites respectively (Table 3). Compared to the maximum value of the Shannon-Weaver diversity index and values of the Simpson’s index, low species diversity was recorded in both categories of sites (Table 3). 
The distribution of the species abundances was of median level in non-invaded sites and was very lowly even in invaded sites and in the pooled sites (Pielou’s evenness index closed to the median value in non-invaded sites and close to 0 in invaded sites as well as in the pooled sites) (Table 3). Distributions showed a median dominance level in non-invaded sites (Berger-Parker index close to 0.5) and a very high dominance level in invaded sites and the pooled sites (Berger-Parker index close to 1) (Table 3).


















Fig. 2. Species rarefaction curves among the two categories of the study sites

The rank-abundance plotting of the pooled data presented in a category of sites a concave shape of the species abundance distributions (SADs) closed to the fisher’s log-series model (Non-invaded sites: α=9.948, x=0.9989, chi-square=7175.0, P=.0; Invaded sites: α=3.139, x=1.0, chi-square=2.1x105, P=.0; Pooled sites: α=8.705, x=0.9999, chi-square=2.7x105, P=.0) and suggesting the presence in the community of co-dominants (Fig. 3). Hill’s numbers N1 and N2 (Table 4) and the species abundance distributions (SADs) (Fig. 3) showed in non-invaded sites, six abundant species (Cr. gabonensis, Cr. striatula, Do. nigricans, My. opaciventris, Ph. speculifera and Pa. tarsatus) and four co-dominants (Cr. gabonensis, Cr. striatula, Do. nigricans, My. opaciventris) (Fig. 3A). 
In invaded sites, W. auropunctata was abundant and dominant (Fig. 3B). The distribution of the pooled sites showed Cr. gabonensis and W. auropunctata as simply abundant species and W. auropunctata as the dominant species (Fig. 3C). Four co-dominants were recorded: Cr. gabonensis, Cr. striatula, Do. nigricans, and My. opaciventris (Fig. 3A). In invaded sites, W. auropunctata was abundant and dominant (Fig. 3B). The distribution of the pooled sites showed Cr. gabonensis and W. auropunctata as simply abundant species and W. auropunctata as the dominant species (Fig. 3C).

3.3.2. Adjustment of SADs to the theoretical models 
Adjustment of species abundance distributions (SADs) to five theoretical models showed a poor quality in non-invaded sites (Pearson correlation: r=-0.877, P<.001, 68 species), in invaded sites (r=-0.783, P<.001, 34 species), and in the pooled sites (r=-0.867, P<.001, 84 species). On the base of the AIC values (Table 4) and the plotting  of the SAD (Fig. 3), the Zipf-Mandelbrot model (ZM) best fitted the distribution in non-invaded sites (Table 4 and Fig. 3A): deviance: 339.73; sample size or the scaling parameter (normalizing constant): Q=9,201; maximum abundance: n1=3,841 specimens; species richness: S=68 species; starting iteration point: x0=(2; 4)T; tolerance value: ε=1x10-10; damping factor: λ0=100; degree of niche diversification: β(beta)=2.72; decay coefficient (average probability of occurrence of a species): γ(gamma)=2.731; correction factor: 13.40; corrected scaling parameter: Q’=123,320; corrected ZM model: ni=123,320(i+2.721)-2.731 with a low fractal dimension of the distribution of individuals among species (1/γ=0.366). 





































Figure 3. Rank-frequency diagrams of the collected macro-invertebrates showing species in order of numerical abundance. 
A: Non-invaded sites; B: sites invaded by Wasmannia auropunctata (Roger, 1863) (Hymenoptera: Formicidae: Myrmicinae); C: pooled sites. Other rare species represented the following taxa: Achatinidae Gen. sp.2 and Gen. sp.3 (C exclusively), Amblybolus sp. Keeton, 1964 (A and C), Aphodius sp.1 Illiger, 1798 (A, B and C), Aphodius sp.2 (B and C), Aporodesmus gabonicus (Lucas, 1858) (A and C), Araneidae Gen. sp.1 to sp.10 (A, B and C), Araneidae Gen. sp.11 (B ans C), Araneidae Gen. sp.12 (B ans C), Aristogitus cylindricus (Thomson, 1861) (A and C), Aspidimorpha tecta Boheman, 1854 (A and C), Blatella germanica (Linnaeus, 1767) (A, B, and C), Boeomimetes ephippium (Boheman, 1860) (A and C), Camponotus vividus (Smith, 1858) (A and C), Carabidae Gen. sp. 1 and Gen. sp. 2 (A and C), Clubionidae Gen. sp. 1 and Gen. sp. 2 (A and C), Craspedophorus bonvouloirii (Chaudoir, 1861) (B and C), Curculio hessei Perrin 1999 (A, and C), Dynastinae Gen. sp. (A and C), Dysdercus nigrofasciatus Stål, 1855 (A and C), Forcipomyia sp. Meigen, 1818 (B and C), Forficula senegalensis Audinet-Serville, 1838 (A and C), Graphipterus lineolatus (Boheman, 1848) (A, B and C), Gymnostreptus striolatus Jeekel, 2002 (B and C), Holopterna alata Westwood (1842) (A and C), Labidura riparia (Pallas, 1773) (A and C), Mecistocephalus punctifrons Newport, 1843 (B exclusively), Monomorium bicolor Emery, 1877 (A and C), Lumbricidae Gen. sp.2 (A exclusively), Lycosidae Gen. sp.1 and sp.2 (A and C), Lycus melanurus Dalman 1817 (A and C), Modicogryllus sp. Chopard, 1961 (A and C), Nariscus cinctiventris (Germar, 1838) (A and C), Neogryllopsis sp. Otte 1983 (B exclusively), Oniscus asellus Linnaeus, 1758 (A exclusively), Paltothyreus tarsatus (Fabricius, 1798) (B exclusively), Pangaeus billineatus (Say, 1825) (A exclusively), Pantoleistes princeps Stål, 1855 (B and C), Periplaneta americana (Linnaeus, 1758) (A and C), Phaeophilacris sp. Walker, 1871 (A, B and C), Platychiria umbrosa Herrich-Schaeffer 1850 (A and C), Platygryllus sp.1 Chopard, 1961 (A and C), Platygryllus sp.2 (A, B and C), Scarabaeidae Gen. sp. (A and C), Sparassidae Gen. sp.1 (A and C), Staphylinidae Gen. sp. (A and C), Supella dimidiata Gerstaecker, 1869 (A and C), Tefflus sp. Leach, 1819 (A and C), Tetramorium occidentale (Santschi, 1916) (A and C) and Tetrix sp. Latreille, 1802 (A and C). 

Table 3. Values of the alpha diversity indices in non-invaded and invaded sites 

	
	
	Study sites

	
	Indices
	I. (%)
	II. (%)
	III. (%) 

	A. Richness
	Sample size: n (%)
	9,201(7.1)
	120,715(92.9)
	129,916(100.0)

	
	Maximum abundance: nmax
	3,841
	120,299
	120,299

	
	Observed richness: S
	68
	34
	84

	
	Richness ratio: S/n
	0.007
	2.8x10-4
	0.001

	
	Margalef’s index: Mg
	7.341
	2.820
	7.049

	
	“True” species richness: Chao 1
	98
	42
	115

	
	Sampling effort: SE=(S/Chao1)100
	69.388
	81.928
	73.235

	
	Escaped species: Chao 1 - S
	30
	8
	31

	B. Diversity
	Simpson’s index: D
	0.258
	0.993
	0.859

	
	Shannon-Weaver’s index: H’
	1.768
	0.031
	0.408

	
	Maximum Shannon: H’max=ln(S)
	4.220
	3.526
	4.431

	
	I vs. II (t-test): H’: t=125.07; df=9,38.2; p=0 *; D: t=-234.5; df=9,42.1; p=0 *

	C. Evenness 
	Pielou’s index: J=H’/H’max
	0.419
	0.009
	0.092

	D. Dominance 
	Berger-Parker index: IBP = nmax/n
	0.418
	0.997
	0.926

	
	Hill’s 1st diversity number: N1 = eH’
	5.856
	1.032
	1.504

	
	Hill’s 2nd diversity number: N2 = 1/D
	3.870
	1.007
	1.165


I: Non-invaded sites; II: Invaded sites; III: Pooled sites; *: significant difference;

Table 4. Akaïke Information Criteria (AIC) and Bayesian Information Criteria (BIC) 

	
	AIC (BIC) values and the best fitted theoretical model

	SAD model
	A. Non-invaded sites
n=9,201; S=68 
	B. Invaded sites
n=120,715; S=34 
	C. Pooled sites
n=129,916; S=84 

	Broken-Stick (BS)
	21,205.47 (21,205.47)
	502,849.9 (502,849.90)
	634,837.3 (634,837.30)

	Log-linear (LL)
	2,562.64 (2,564.86)
	-
	65,860.2 (65,862.60)

	Lognormal (LN)
	1,803.02 (1,807.46)
	3,355.4 (3,358.50)
	7,274.8 (7,279.70) *

	Zipf model (Z)
	1,996.49 (2,000.93)
	3,015.8 (3,018.90) *
	7,631.2 (7,636.10)

	Zipf-Mandelbrot (ZM)
	593.80 (600.46) *
	3,017.8 (3,022.40)
	7,633.2 (7,640.50)


SAD: Species Abundance Distribution, n: sample size; S: observed species richness; n = sample size, * the best fitted theoretical model.

The settlement in the invaded sites (Table 4 and Fig. 3B) best fitted the Zipf model (Z) with a high decay coefficient: deviance: 2889.10; Q=120,72 specimens; n1=120,299 specimens; S=34 species; γ(gamma)=2.42; correction factor: 0.73; corrected normalizing constant: Q’=88,069; the model was formulated as ni=88,069(i)-2.418. The settlement in the pooled sites (Table 4 and Fig. 3C) best fitted the lognormal (LN) model with a median value of the Preston’s environmental constant (deviance: 69,458.50; n1=120,299; mean of the lognormal distribution: x=2.79; standard deviation of the lognormal distribution: σ=3.21; slope of Log2(ni)=f(Pi): a=2.47; elevation of Log2(ni)=f(Pi): b=-9.34; Preston’s constant: m’=0.56; correction factor: 9.3x10-4; corrected LN model: ni=4.3x10-13(292.15)Pi with Pi as probit of the ith species.

3.3.3. Beta diversity: correlations between the little fire ant and macro-invertebrates
Although a few cosmopolitan species were sampled, a low level of dissimilarity was noted between sites [Bray-Curtis index: BC=0.258). It was median between non-invaded sites and the pooled sites (BC=0.594) and it was high between invaded sites and the pooled sites (BC=0.732).
Based on the presence/absence data matrix of 48 sampling sessions (24 sampling session in non-invaded and invaded sites respectively; eight sampling sessions for baits, pitfall traps and quadrats respectively), a global positive net association was noted in sites, with in a high value of the Schluter’s variance ratio (VR) (non-invaded sites: VR=3.991>1; statistics: W=95.773, df=23; P<.001; Invaded sites: VR=13.005>1; W=312.120, df=23; P<.001; Pooled sites: VR=19.402>1; W=931.313, df=47; P<.001). Kendall correlation (n=48 samples) allowed the distinction of two forms of links between occurrences of the little fire ant and that of macro-invertebrate taxa: the negatively correlated associations (mutual repulsion or intolerance) and the positively correlated ones (mutual attraction or toleration).
As for negative links between W. auropunctata and macro-invertebrates, 23 taxa were concerned: Ao. gabonicus (Kendall tau: τ=-0.244, probability risk: P=.01), Araneidae Gen. sp. 1 (τ=-0.211, P=.04), Araneidae Gen. sp. 5 (τ=-0.246, P=.01), Ca. maculatus (τ=-0.492, P<.001), Cr. gabonensis (τ=-0.442, P<.001), Cr. striatula (τ=-0.354, P<.001), Do. nigricans (τ=-0.328, P<.001), La. riparia (τ=-0.212, P=.03), Ma. natalensis (τ =-0.210, P=.04), Me. punctifrons (τ=-0.272, P=.01), Modicogryllus sp. (τ=-0.211, P=.04), the Afro-tropical origin ant My. opaciventris with large colonies (τ=-0.583, P<.001), Neogryllopsis sp. (τ=-0.201, P=0.04), Od. troglodytes (τ=-0.211, P=.04), Og. cameroonensis (τ=-0.355, P<.001), Pa. tarsatus (τ=-0.613, P<.001), the invasive ant of Afro-tropical origin Ph. megacephala (τ=-0.434, P<.001), Ph. speculifera ‘τ=0.274, P=.01), Platygryllus sp.1 (τ=-0.212, P=.03), Tm. phalerata (τ=-0.215, P=.03), Te. occidentale (τ=-0.210, P=.04), Tt. anthracina (τ=-0.305, p=0.002), and Sparasidae Gen. sp.1 (τ=-0.211, P=.04). The native pest ant Ph. megacephala was in turn negatively correlated with four taxa: Achatinidae Gen. sp.1 (τ=-0.275, P=.01), Ar. vulgare (τ=-0.257, P=.01), Lumbricidae Gen. sp.1 (τ=-0.230, P=.02), and On. asellus (τ=-0.313, P=.002). 
As for positive links between W. auropunctata and macro-invertebrates, eight taxa were concerned: Achatinidae Gen. sp.1 (τ=+0.404, P<.001), Achatinidae Gen. sp.2 (τ=+0.342, P=.001), Achatinidae Gen. sp.3 (τ=+0.309, P=.002), Ap. fusca (τ=+0.242, P=.02), Ar. vulgare (τ=+0.453, P<.001), He. arator (τ=+0.237, P=.02), Melanoides sp. (τ=+0.247, P=.01), and On. asellus (τ=+0.464, P<.001). The native pest Ph. megacephala was positively correlated with 12 taxa: Araneidae Gen. sp.4 (τ=+0.221, P=0.03), Ai. cylindricus (τ=+0.274, P=.006), Carabidae Gen. sp.2 (τ=+0.221, P=.03), Cr. gabonensis (τ=+0.208, P=.04), Cu. hessei (τ=+0.262, P=.01), Lycosidae Gen. sp.1 (τ=+0.290, P=.004), Lycosidae Gen. sp.2 (τ=+0.221, P=.03), My. opaciventris (τ=+0.495, P<.001), Pa. tarsatus (τ=+0.295, P=.003), Pe. americana (τ=+0.282, p=0.005), Staphylinidae Gen. sp. (τ=+0.221, P=.03), and Tt. anthracina (τ=+0.260, P=.01).

4. Discussion 
4.1. Spatial distribution of the little fire ant
The study indicates that W. auropunctata is actively spreading in South and Centre regions of Cameroon. It was recorded in three newly invaded sites and persisted in one site where the presence of the fire ant was reported eight years ago by Tindo et al. (2012). Newly invaded sites were near the old invaded site, suggesting a short-range progression of the invasion front during the last eight years. The long-range spread of the little fire ant has been historically reported in several invaded areas of the world, where it showed ability to multiply colonially by budding, promoting the gradual rapid spread (Le Breton et al., 2003; 2025). The situation recorded in the Mbalmayo Reserve Forest could be explained by the existence of a significant negative force against the little fire ant. Indeed, the spread to more remote areas of this intentionally introduced ant in Cameroon (de Mire, 1969) is proving slow, contrary to the prediction because the use of the little fire ant as biological control agent was abandoned by the local populations (Tindo et al., 2012). In the Centre and south regions of Cameroon, many local people depend on cocoa farming as their main source of income, and they sell cocoa to sustain their livelihoods. The transfer and sale of cocoa nursery plants from the invaded area could have served as a means of rapid dispersal of the fire ant, as suggested by Tindo et al. (2012). MRF presents all the ecological conditions favorable to the development of W. auropunctata. The current presence of populations of W. auropunctata outside cocoa plantations would be associated with the presence of abundant food resources. Opportunistic nesting and the negative impact on local wildlife is well known (Mbenoun Masse et al., 2017, 2019, 2021).

4.2. Biodiversity of the macro-invertebrate fauna
A total of 129,937 individuals were captured, belonging to three phyla, seven classes, 18 orders, 39 families, 40 subfamilies, 53 genera and 84 species and morph-species. The overall abundance of soil macro-invertebrate phyla were Arthropoda (99.9% of the total collection) followed by Mollusca and Annelida (less than 1.0% each). The situation in the Mbalmayo Reserve Forest is markedly different from that reported in Nigeria where the overall abundance of soil macro-invertebrate phyla were in waste dumpsite (65.5% Arthropoda > 25.5% Mollusca > 13.4% Annelida) and in cultivated farmland (96.8% Arthropoda > 1.5% Mollusca > 3.0% Annelida) (Esenowo et al., 2017). But no species found in Nigeria appears in the present collection from Cameroon. The number of recorded orders of macro-invertebrates is closed to the 18 orders reported in a forest reserve in Burundi (Dushimirimanam, 2017). We note an unequal distribution of abundances between these orders. Indeed, of the 17 orders identified, Hymenoptera (99.4%) was most abundant, followed by Isopoda (0.1%) and Orthoptera (0.09%). This trend of hymenoptera dominance was similar to that obtained in various tropical ecosystems (Davidson et al., 2003). Amongst Hymenoptera, Insecta was the most common class. They play a crucial role in ecosystem functioning, contributing significantly to various ecological processes and services (Davidson et al., 2003; Klein et al., 2007; Pimm et al., 2014). The sampling efforts ranged from 59.7% to 97.1%, with higher completeness in invaded site. This suggests that the sampling methods were robust and provided a reliable estimate of species richness and abundance. Therefore, species accumulation curves indicate that additional sampling in non-invaded sites might still reveal more species, underscoring the higher biodiversity potential in these areas. Gotelli and Colwell (2001) reported the importance of thorough sampling in ecological studies to ensure accurate biodiversity estimates.

4.3. Impact of the little fire ant on the macro-invertebrates fauna
In invaded areas, W. auropunctata was the most abundant species, accounting for 99.65% of all collected specimens, with a detrimental effect on invertebrate’s species richness and diversity. This consistent with the consequences of the little fire ant on native taxa reported in Latin America (Wetterer & Porter, 2003). A significant decline in the abundance of various invertebrate orders and families was noted in invaded sites, leading to the disappearance of many others insect taxa. For instance, orders such as Opiliones, Spirobolida, Polydesmida, Blattaria, and Dermaptera, along with twenty families (including Clubionidae, Lycosidae, Blattidae, Chrysomelidae, Tetrigidae), were no longer observed in invaded sites, corroborating reports published by Ndoutoume-Ndong and Mikissa (2007) who showed the negative effects of invasive species on native invertebrate populations. Similar negative impact of the little fire ant on the local biodiversity of the newly invaded areas was reported by Vonshak et al. (2010) in Israel (open areas outside the tropics and subtropics) where it probably arrived in ca. 1998, identified in 2005, survives harsher conditions than in its native habitats, known from mostly irrigated gardens. The same authors showed that at high densities they displaced almost all the local ant species, affecting population abundances, species richness, and community structure of ground arthropods, with the decline in spider and beetle abundances. Other studies highlighted the potential threats this invasive ant species poses to arthropod communities, agricultural systems and human health in Taiwan (Lee et al., 2024), in China (Chen et al., 2022), and W. auropunctata can also have indirect effects on the biodiversity as a threat to New Caledonian lizards, turtles, birds and domestic animals such as dogs and cats (Jourdan et al., 2001). The ability of W. auropunctata to eliminate competing species represents a threat to the maintenance of ecosystem balance (Del-Toro et al., 2012; Cuthbert et al., 2022).
Interestingly, few species such as woodlice On. asellus coexisted in low densities in invaded site. All other species were poorly represented (0.2% of the total collection). Two ant species Ph. megacephala and Pa. tarsatus managed to resist. The present observation counterbalances reports published in 2017 by Mbenoun Masse et al. (2017) in which they showed Ph. megacephala, Paratrechina longicornis and Myrmicaria opaciventris as potential competitors repelling foragers of W. auropunctata. Previous studies conducted over 10 years in Yaounde (Centre-Cameroon) have documented the disappearance of the little fire ant and its replacement by dominant local ant species such as Ph. megacephala, My. opaciventris and Pa. longicornis, this trend of local ant dominance persisting in urban sites 15 years later (Mbenoun Masse et al., 2011, 2017, 2021). Few families such as Oniscidae, Cydnidae, Scarabaeidae, and Blaberidae have shown an increase in abundance in invaded sites, suggesting they might have some resilience or even benefit from the altered environment.. Moreover, dominant ant species such as Crematogaster gabonensis, Cr. striatula, Dorylus nigricans, My. opaciventris, Paltothyreus tarsatus, Ph. megacephala, and Ph. speculifera were the most abundant among invertebrate species in non-invaded sites, coroborating the previous results from the same region (Mbenoun Masse et al., 2017, 2021). These ant species could potentially be used as biological competitors. Dominant ant species might naturally compete with the little fire ant for resources or territories, thereby eliminating its populations. The Bray-Curtis dissimilarity index obtained indicated that the study sites presented an almost similar species composition and the rank-frequency diagrams revealed in the infested area, a numerical dominance of W. auropunctata, with a strong interspecies aggressiveness.

4.4. Functioning of the assemblages of macro-invertebrates
The pooled assemblage from the two study sites was adjusted to the Preston’s lognormal (LN) nomocenosis with a very low environmental constant. LN model describes a poorly evolved or little disturbed communities, where the majority of species have moderate abundances. This definition is valid for all data from the Mbalmayo Reserve Forest. The LN model have been successfully used to characterize the abundance distributions of ground-dwelling ants in the urban sites of Douala-Cameroon (Biawa-Kagmegni et al., 2021) and several other insect communities in natural and anthropized areas. The assemblage in the infested area adjusted the Zipf theoretical model (Z) with a high coefficient of niche diversification while the assemblage in the non-invaded site best fitted the Zipf-Mandelbrot model (ZM) with a low value of the decay coefficient, a high niche diversification and a median fractal dimension. Z and ZM models are frequently adapted to evolved communities in natural environments, in which a complex multi-species network (optimal structure) has been developed over time and space for the circulation of information (Li, 2002; Ferreira & Petrere-Jr, 2008). As for the peculiarity of the results, in infested zone, W. auropunctata imposes a complex structuring which has reached a level of natural balance (the sympatric species rigorously respect the order dictated by W. auropunctata).

5. Conclusion
Wasmannia auropunctata persisted, and is spreading in new sites in MRF. Arthropoda and Insecta were the most abundant and species-rich. The community was more diverse in non-invaded sites than invaded ones. In invaded sites, a decline or disappearance of several macro-invertebrates taxa was noted. The community currently functioned on the basis of maintaining a multi-species network (close to the natural balance characterizing evolved communities) developed in time and space for the circulation of information (Zipf and Zipf-Mandelbrot models), but with a weak force of regeneration. Further studies are needed to seek for sustainable approach such as integrated pest management strategies (use of natural enemies and resilient invertebrate families), to limit or stop the progression of the invasion front of the little fire ant.
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Definitions, Acronyms, Abbreviations 
W. auropunctata: Wasmannia auropunctata Roger, 1863; MRF: Mbalmayo Reserve Forest; °C: degree Celsius; S*: theoretically species richness; SE: sampling effort; S: observed species richness; ICE: Incidence-based Coverage Estimator; ACE: Abundance-based coverage estimator; Jack 1: the first-order Jacknife richness estimator; Jack 2: the second-order Jacknife richness estimator; MMmeans: Michaelis-Menten means estimator; H': Shannon-Weaver diversity index; H'max: maximum Shannon-Weaver diversity index; D: Simpson diversity index; J: Pielou evenness or equitability index; IBP: Berger-Parker dominance index; n: sample size; nmax: maximum abundance; 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; VR: Schluter’s variance ratio; W: Schuler’s statistics; 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. maculates: 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; EPPO: European Public Prosecutor's Office; 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); Ka. 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; BIC: Bayesian Information Criteria; BS: Broken-Stick model; LL: Log-linear model; LN: lognormal model; Z: Zipf model; ZM: Zipf-Mandelbrot model
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