


Dynamics and floristic diversity of different facies of hygrophilous vegetation in the bed of the Nyong at Akonolinga (Centre Region, Cameroon)

ABSTRACT
[bookmark: _GoBack]A phytosociological study of the vegetation in the bed of the Nyong was carried out at Akonolinga in order to understand not only the dynamics and floristic diversity, but also the physiognomy of the different plant groups. A system of 16 plots of varying size was set up in the different ecological habitats using the Braun-Blanquet (1932) phytosociological method. The size of each plot was 50 x 100 m², where the trees were inventoried. Within these plots, sub-plots measuring 25 x 25 m2 were set up to collect information on shrubs and herbaceous plants. The plots were 1000 m apart, for a total sampling area of 9 ha. The botanical inventories carried out yielded 342 species in 232 genus and 82 families. The most representative families are Leguminosae, Euphorbiaceae, Apocynaceae, Marantaceae, Commelinaceae and Rubiaceae. From a phytogeographical point of view, the results show a floristic background dominated by species from the Guinean-Congolese center of endemism, followed by Guinean and Afro-tropical species. Analysis of the phytosociological spectra on the spread of diaspores shows that sarcochore, ballochore and sclerochore are the most widespread species in this ecosystem. Mesophanerophytes, Microphanerophytes and Megaphanerophytes are the biological types that are most represented. Plant groups characterised by the Mitragynetea class of periodically flooded forests and the Phragmitetea class of riverbank vegetation are the main facies in this section. The calculated diversity indices, Shannon (6.74) high value in the periodically flooded forests and (4.39) low value on the river bank, Pielou Equitability (0.57) high value obtained on the river bank and (0.21) low value in the periodically flooded forests show a progressive floristic dynamic of regeneration of the plant cover. However, the area remains ecologically fragile and requires long-term protection.
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1. [bookmark: _Toc20129369][bookmark: _Toc26264428]INTRODUCTION 
Cameroon has a great complexity of flora depending on the country's different relief at low, medium and high altitudes (Fonzongssie et al., 2008; Gonmadje et al., 2012). The country is divided into several phytogeographical and phytoecological domains, ranging from the Guineo-Congolian domain, the Central Guineo-Congolian domain and the Congolese Basin Centre of Endemism (White, 1986). Cameroon's forests are distributed over different topographies in the montane, submontane and low-altitude regions (Letouzey, 1979; Onana, 2018). The vegetation of the Nyong riverbed is part of a forest complex that is highly diverse in terms of flora and fauna (Amougou, 1986). This forest has a particularity with its different habitats (dry land, floodplain and the river bank), the permanent humidity of the area is at the origin of the different plant facies observed. Over the past decade, a number of human activities have been carried out in the area, including the abusive and uncontrolled exploitation of timber, fishing on the River Nyong and the harvesting of certain non-timber forest products. These activities exacerbate erosion, reduce biodiversity and, above all, increase pollution of the river by certain invasive plants. Knowledge of the structure and functioning of fragile ecosystems in Central Africa is important to guide sustainable management, planning and conservation (Yongo et al., 2013).
[bookmark: _Toc26264429]Just as Edy et al., (2001) have shown that there are few herbarium samples from Tai National Park in Côte d'Ivoire, there are also few herbarium samples from Akonolinga in the Cameroon National Herbarium. The aim of this phytosociology study was to determine the main plant groupings in the ecological habitats of the Nyong riverbed at Akonolinga, in order to build up a database of existing information for the conservation and development of the area.
2.  MATERIALS AND METHOD 
2.1. [bookmark: _Toc26264430]Presentation of the study area
The study was conducted in the Borough of Akonolinga, Department of Nyong-et-Mfoumou, in the Centre Region of Cameroon (Fig.1.) located between 03° 37' and 03° 51' North latitude, 12° 16' and 12° 29' East longitude, the Borough has an area of 1420 km² (Cuvillier, 2015). The morphological scope and relief of the region present a typology of flattened areas made up of several small valleys whose main catchment area is the River Nyong (Cuvillier, 2015). Altitudes range from 560 to 800 m, typical of flat morphologies (Dominique, 1966; Bilong et al., 1992). The climate is humid and mild tropical, typical of the Central Region, and extends over four seasons: a long rainy season from August to November; a long dry season from the end of November to February; a short rainy season from March to May and then a short dry season from June to the end of August. The average monthly temperature is 24.5°C, and rainfall during the rainy season is around 1,500 mm (Cuivillier, 2015). It is a periodically flooded forest on partially flooded and exundated substrates, with natural stagnant water beds forming small pockets of water during periods of flood recession, with little plant cover (Lebrun & Gilbert, 1954; Amougou, 1986).
[image: D:\Carte_Junelle\Carte_Samson_anglais.png]
Fig.1. Location of the study area
2.2. METHOD
2.2.1.  Floristic inventory
The sampling method used in this study was the plot method. Plots were set up in the floristic inventory area following the methodology used by Picard & Gourley (2008), Lisingo (2016), Piba (2016). A system of 16 plots of varying size was set up in the different ecological habitats using the Braun-Blanquet (1932) phytosociological method. The size of each plot was 50 x 100 m², where the trees were inventoried. Within each 5000 m2 plot, 625 m2 (25 x 25 m2) sub-plots were set up to survey shrubs and herbaceous plants. The plots were 1000 m apart, for a total sampling area of 9 ha. This system makes it easier to estimate the rate of cover and avoid having to go back to the individuals initially counted. In each stratum of each survey, soil cover by vascular plant species was estimated using Braun-Blanquet coefficients (1964) transformed into frequency (i= 0.1; +=0.5; 1=3; 2=15; 3=37.5; 4= 62.5; 5=87.5). To gain a better understanding of the coefficients of individuals from the surveys, the mean overlaps (RM) were calculated. This average coverage is obtained by dividing the sum of the average quantities for each species by the total number of records for the association. The degree of presence was established. Presence (P) is the percentage of records in which the species was noted in relation to the total number of records in the group. The scale of presence classes is represented by Roman numerals, according to centesimal proportions (V: species present in 81 to 100% of the records; IV: species present in 61 to 80% of the records; III: species present in 41 to 60% of the records; II: species present in 21 to 40% of the records; I: accidental species, present in 1 to 20% of the records.
2.2.2. Identification of samples
During the inventories, fertile samples were collected within the established plots. Identifications were first made with the help of a botanist and a local guide who gave the names in the local language in the field, and then confirmed at the botany and systematics laboratory of the Higher Normal School of the University of Yaounde I and at the National Herbarium of Cameroon, using reference herbaria and available literature. The nomenclature applied to the species refers to the volumes by Lebrun & Stork (1995, 1997), the trees of central Africa forest by Vivien & Faure (2011), the flora of Cameroon (Letouzey, 1979) and the guide of the trees and shrubs of Kinshassa-Brazzaville region (Pauwels, 1993). These scientific names were then conformed to the Philogeny Angiosperms Group list (APG III, 2016).
2.2.3. Data analysis
After encoding the data using Excel 2016 software, the individualisation of the elementary syntaxons was carried out using the Correspondence Factorial Analysis  method and Ascending Hierarchical Classification using SPSS 12.0 software where a matrix of 16 surveys and 342 species was formed grouping together all the species from the same habitats and ecological constraints based on the presence or absence of a species in a survey (Ahouandjinou et al., 2017), then the Bray-Curtis (1957) method was used to explain the differentiation from one grouping to another. Biological types were distinguished in accordance with Raunkiaer's (1934) classification adapted for the tropical world by Schnell (1971). Diaspore types were determined using the classification of Dansereau & Lems (1957) and Evrard (1968). We were inspired by the work of White (1986) and Denys (1980) on the major chorological subdivisions of Africa.
3. RESULTS AND DISCUSSION
3.1. Floristic analysis
The methodology adopted for this study yielded data showing a highly diversified flora in the study area. A total of 342 species in 232 genus and 82 families were recorded. Thirteen (13) of the most representative families in the dition are ranked in descending order of percentage. The Legumunosae head the list (24.34%), followed by the Euphorbiaceae (18.72%), Apocynaceae (7.49%), Marantaceae (7.30%) and Commelinaceae (6.74%), Rubiaceae (6%), Poaceae (5.61), (6.79%), Malvaceae (5.05%), Annonaceae and Arecaceae (4.86%), Meliaceae, (4.68%) and finally, Moraceae and Ulmaceae (4.30%) (Fig. 2.).








	



Fig. 2: Families most representative of the dition
3.2. [bookmark: _Toc26264437]Calculated diversity indices 
The diversity indices calculated for the 16 plots provide an understanding of floristic diversity and whether or not the plots belong to the same plant group. Table 1 summarises the diversity indices calculated in the study area. Analysis of the table clearly shows the highest values of the Shannon index in the swampy and periodically flooded forest zones (6.74) and its low value is observed in the banks made up of semi-aquatic species (4.39). As for Pielou's equitability, its high value is obtained at the river bank (0.57) and its low value in swampy and periodically flooded forests (0.21).
Table 1. Values of indices calculated for ecological habitats
	Surveys
	Shannon index
	Pielou equitability
	Specific richness

	Semi-aquatic species of the river banks

	R1
	4.7
	0.57
	27

	R2
	5.17
	0.44
	43

	R5
	5.39
	0.4
	44

	R6
	4.39
	 
	23

	Species of swampy areas and periodically flooded forests

	R3
	5.52
	0.31
	58

	R4
	6.08
	0.35
	63

	R7
	6.23
	0.24
	83

	R9
	5.9
	0.42
	46

	R10
	6.74
	0.21
	105

	R11
	6.49
	0.31
	95

	R8
	5.95
	0.26
	75

	Species at the edge of secondary and terra firma forests

	R12
	5.93
	0.32
	61

	R13
	5.49
	0.4
	46

	R14
	6.15
	0.24
	85

	R15
	6.49
	0.24
	89

	R16
	5.52
	0.34
	53



3.3. Study of biological and ecological spectra
3.3.1.  Biological types
The description of biological types in this study is based on the classification of Raunkiaer (1934), Schnell (1977), Boupoya (2011) on the different biological types. Referring to these authors and after analysis of the results, the 16 phytosociological surveys carried out present three (3) most dominant biological types. Mesophanerophytes (30.75%), Microphanerophytes (20.29%) and Megaphanerophytes (18.05%), the other biological types are represented for each type at less than 10% of the number of species inventoried (Fig. 3.).

Fig.3. Biological types observed in the study area
3.3.2. Dissemination of diaspores 
The dissemination of diaspores is an effective means of renewing and regenerating vegetation in tropical forests. It depends on several factors that contribute to the process of forest dynamics (Yongo et al. Op.cit.). Following observations made in the survey area, analyses of the data collected and bibliographical summaries obtained on the types of spread, the sarchocore (56.31%), sclerochore (14.32%) and ballochore (13%) modes of spread are the most widespread in the study area (Fig. 4).



         	
                          

                                                   
                                                       
[bookmark: _Toc26264441]Fig.4. Dissemination of diaspores in the study area
3.3.3. Phytogeographical distribution
The forests of Central Africa have been the focus of much work by White (1986) Cit. Njdelle (1988) on the phytogeographical distribution of the various syntaxons. The phytogeographical classification of the species inventoried in this study is based on work carried out by certain authors in tropical rainforests (Apema, 1995; Nschimba, 2008; Noumi, 2005; Njike, 2019). An analysis of the results shows that the species that make up the flora of Akonolinga are predominantly from regional centers of Guinean-Congolese endemism (GC) (39.10%), followed by Guinean species (G) (28.78%) and Afro-tropical species (AT) (13.18%). The other distribution types are poorly represented, accounting for less than 10% (Fig. 5.).

Fig.5. Phytogeographical distribution of species 
3.3.4.  Distribution of trees by diameter class 
The distribution of trees by diameter class makes it possible to assess the stability of the vegetation and the level of regeneration observed when the forest is in a recovery phase (Fongzonsie et al., 2008). Generally speaking, as diameters increase, large trees become rare and small-diameter trees are more abundant. Eleven (11) diameter classes ranging from 10 to 120 cm were selected for analysis in this study. Measurements were taken on 1,022 trees with large diameters of Albizia adiathifolia, Albizia lebbeck, Albizia zygia, Aningeria superba, Aningeria altissima, Antrocaryon klaineanum and Antrocaryon mycraster. Species represented in almost all diameter classes include Petersianthus macrocarpus, Pentaclethra macrophylla, Piptadeniastrum africanum and Plagiotyles Africana (Fig. 6.).









Fig. 6: Distribution of measured trees by diameter class
3.4. Ecosociological groups
After processing the 16 surveys into a matrix of 342 species and subjecting them to Correspondence Factorial Analysis (CFA) and Hierarchical Ascending Classification (HAC), two classes representing plant groupings were obtained in the dition, the Mitragynatea class, characteristic of flood and swamp forests, and the Phramitetea class, which is actually linked to the Mitragynetea class, composed of riverbank and semi-aquatic species. Three (3) new plant associations described and two (2) sub-associations are linked to these two classes. A factorial map grouping all the species with the same habitats and ecological constraints was obtained (Fig. 7.).
- G3 group of species found in secondary transitional forests between dry land and hydromorphic soils (R12, R13, R14, R15 and R16);
- G2 group formed by the records (R3, R4, R9, R10, R11, R7 and R8) that make up the vegetation located on hydromorphic soils proper. 
- G1 group of species located on the river banks (aquatic and semi-aquatic species) from surveys R1, R2, R5 and R6;
Information on the dissimilarity of these plant groups is summarised in the figure below (Fig. 8.).
[image: D:\Download\Samson afc.png]
  Fig.7. Results of the factorial correspondence analysis 
The dendrogram below is obtained by grouping together surveys composed of species sharing the same ecological habitats (Fig.8).
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Fig. 8. Dendrogram of the main plant groupings observed in the dition
Analysis of the dendrogram shows a differentiation of the surveys into plant groupings. Cutting the dendrogram into four lines of different colours gives classes, orders, alliances and groupings. The black line gives two batches of records representing two phytosociological classes (the Mitragynetea class and the Phragmitetea class); the red line gives four batches of records representing phytosociological orders; the green line gives five batches of records representing phytosociological alliances obtained in the dition and, finally, the brown line gives six batches of records representing associations or groupings. Three new associations and two sub-associations described in this study are classified within these two classes: Petersianthus macrocarpus and Anonidium mannii; Macaranga spinosa and Tabernaemontana crassa and Alchornea latifolia and Combretum zenkeri. Sub-associations with Clappertonia fiscifolia and Echinochloa obtusiflora and Haumania danckelmaniana and Maranthochloa purpurea.
3.5. Distinct plant groupings
Analysis of the distinct plant groupings reveals three new associations (the association with Petersianthus macrocarpus and Anonidium mannii and the association with Combretum zenkeri and Alchornea latifolia described in periodically flooded forests belonging to the Mitragynetea class, the association with Macaranga spinosa and Tabernaemontana crassa in terra firma forests included in the Musango-Terminalietea class. Two sub-associations are attached to the above associations: the sub-association with Clappertonia fiscifolia and Echinochloa obtusiflora and the sub-association with Haumania danckelmaniana and Maranthochloa purpurea.
3.5.1. Group with Pertesianthus macrocarpaus and Anonidium mannii
The floristic composition of this association described in forests on hydromorphic soils is given by surveys R3, R4, R7, R8, R9, R11 and R10. This is a group of surveys in which the number of species ranges from 53 to 87. Petersianthus macrocarpus and Anonidium mannii are the two most abundant species in the surveys (R7 and R10). 
Petersianthus macrocarpus is a species belonging to the Lecythidaceae family found in tropical America and tropical Africa. The inflorescences are large, ranging in size from 5 to 6 cm and more or less uniformly red or yellow in colour. The calyx has 5 to 6 lobes with 4 free petals, and the tree can reach 22 to 30 m in height with grey, notched bark and yellow hardwood (Liben, 1971) Cit. (Kimvoula, 2009). In the areas inventoried where Petersianthus macrocarpus is abundant, the species occupies space according to its gregarious distribution.
Anonidium mannii, family Annonaceae, is a tropical forest tree found throughout its Guinean-Congolese range. Its height varies between 10 and 30 m in length and its diameter fluctuates between 40 and 80 cm. The plant prefers damp, hydromorphic areas where it occupies a colony of individuals 5 to 7 feet high. Its diaspores are spread barochore or sarcochore because of the large size of the fruit. Analysis of the values of the biological spectrum contained in the table below shows a high proportion of Phanerophytes within this association (78.38%), they are Geophytes (6.60%), Chamephytes (5.72%) and Hemicriptophytes are the least represented biological type with (1.76%).
Table 2 Biological spectrum of the association with Petersianthus macrocarpus and Anonidium mannii
	Biological types 
	Gross spectrum 
	Weighted spectrum 

	
	
	

	Phanerophytes
	 
	Number of species

	%
	Cover
	%

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	Mesophanerophytes
	63
	27.75
	26.02
	24.2

	
	Microphanerophytes
	54
	23.78
	22.44
	20.9

	
	Megaphanerophytes 
	28
	12.33
	17.77
	16.5

	
	
	
	
	
	

	
	Nanophanerophytes
	18
	7.92
	8.22
	7.64

	
	Climbing phanerophytes
	15
	6.6
	8.02
	7.45

	Therophytes
	Erect therophytes
	8
	3.52
	2.01
	1.86

	Geophytes
	Rhizomatous geophytes
	15
	6.6
	13.55
	12.4

	
	Tuberous geophytes
	2
	0.88
	2.01
	1.86

	
	Bulbous geophytes
	1
	0.44
	0.2
	0.22

	Chamephytes
	Erect chamephytes
	13
	5.72
	2.66
	2.46

	
	Prostrate chamephytes
	6
	2.64
	0.22
	0.2

	Hemicryptophytes
 
	Cespitose hemicryptophytes
	3
	1.32
	4.44
	4.12

	
	Hygrophilous hemicritophytes
	1
	0.44
	0.2
	0.22

	Total
	 
	227
	100
	107,76
	100


	
3.5.2. [bookmark: _Toc71725685][bookmark: _Toc250339885]Grouping with Macaranga spinosa and Tabernaemontana crassa (Alliance Musango-Cecropioidis Lebrun & Gilbert 1954) 
The association with Macaranga spinosa and Tabernaemontana crassa is an association observed in transitional forests between terra firma forests and periodically flooded forests (semi-caducifoliate forests). In some places, the substrate is humid with a semi-hydromorphic tendency. Macaranga spinosa and Tabernaemontana crassa are two of the association's main species. The floristic composition of this association is provided by surveys carried out in the transition zones between dry land and hydromorphic soils (R14, R15, R16, R12, and R13). The high tree stratum is also representative, with a few trees visible to some extent, leaving the landscape entirely dominated by the shrub stratum, which is largely made up of these two emblematic species. A number of species are also part of the association's flora, including:
Macaranga spinosa is a species belonging to the Euphorbiaceae family that grows in dry areas, with a preference for humid environments. It is very present in semi-caducifolia forests, where it sometimes grows in pure stands. It is a shrub 10 to 20 m tall with a downward-pointing, thorny stem of 10 to 20 cm. The leaves are alternate, simple and entire with lanceolate linear stipules. Inflorescences are axillary panicles 3 to 6.5 cm long, with very small triangular bracts showing unisexual flowers. The Macaranga genus comprises more than 280 species, 30 of which are endemic to tropical Africa. The tree is used for many purposes in Africa, including roofing, medicines and handicrafts.
Tabernaemontana crassa is a plant of the Apocynaceae family, an Afro-tropical species widely distributed in African forests. The Tabernaemontana genus comprises around 120 species, with more than 18 species in Africa. It is a shrub that can grow up to 15 m tall, with a hairless trunk and grey or brown bark. The leaves are opposite, simple and entire, and the inflorescences are corymbs 10 to 30 cm long with numerous flowers. The plant is used in pharmacopoeia for the large number of alkaloids it contains to treat many illnesses in tropical Africa. Highly toxic, the plant can be used to combat phytopathogens in plantations.
Analyses of biological types (Table 3) within the ancient Musango-Cecropioidis alliance, where the new association with Macaranga spinosa and Tabernaemontana crassa is described, show a high representation of Phanerophytes (66.01%), followed by Geophytes (16.97%), Hemicryptophytes (11.31%), Chamephytes (3.77%) and Therophytes (1.88%). The weighted spectra and overlaps obtained within the association also show significant values in proportion to the raw spectrum. 
Table. 3. Spectrum of biological types of the association with Macaranga spinosa and Tabernaemontana crassa
	Biological types
	Gross spectrum
	Weighted spectrum

	
	
	

	Phanerophytes
	
	Number of species 
	%
	Cover
	%

	
	Mesophanerophytes
	13
	24.52
	18.66
	28.58

	
	Megaphanerophytes
	6
	11.32
	10.88
	16.66

	
	Microphanerophytes
	7
	13.2
	11.55
	17.69

	
	Climbing phanerophytes
	5
	9.43
	4.22
	6.46

	
	Nanophanerophytes
	4
	7.54
	3.33
	5.1

	Therophytes
	Climbing therophytes
	1
	1.88
	0.22
	0.33

	
	
	
	
	
	

	Geophytes
	Rhizomatous geophytes
	5
	9.43
	8.22
	12.59

	
	Tuberous geophytes
	4
	7.54
	1.55
	2.37

	
	
	
	
	
	

	Chamephytes
	Erect chamephytes
	2
	3.77
	0.88
	1.34

	
	
	
	
	
	

	Hemicryptophytes
	Cespitose hemicryptophytes
	3
	5.66
	5.11
	7.82

	
	Epiphytic hemicryptophytes
	1
	1.88
	0.22
	0.33

	
	Prostrate hemicryptophytes
	2
	3.77
	0.44
	0.67

	
	Total
	53
	100
	65.28
	100



3.5.3. Association with Alchornea latifolia and Combretum zenkeri
This new association belongs to the Phragmitetea class observed on the river bank. Four (4) floristic surveys are included in the composition of the association (R1, R2, R5 and R6). The vegetation is dominated by the shrub layer in areas where flooding is less pronounced. This association belongs to the ancient Alchornio-Combretion alliance, in which the species of the shrub layer are largely represented, and the floristic composition includes a mixture of secondary forest species. The floristic composition is around one hundred species, with the characteristic species being: Alchornea latifolia, Combretum zenkeri, Pycnanthus angolensis, Combretum sp., Dialium pachiphyllum, Glyphaea brevis, Irvingia sp., Alstonea boonei, Anthocleista djalonensis, Anthocleista vogelei, Anchomanes difformis, etc. The two (2) dominant species observed in the surveys making up this association are Alchornea latifolia and Combretum zenkeri.
Alchornea latifolia is a shrub that grows in hydromorphic environments and marshy areas, and can reach up to 3 m in height. The inflorescences have sepals with 8 stamens, and the fruits are capsules (7 mm in diameter). This species is found in tropical America and Africa. The high production of these fruits means that it occupies an entire area, sometimes forming a pure, homogeneous stand. 
Combretum zenkeri is an Afro-tropical species, a liana around 27 m long found in savannahs and secondary forests. It grows in humid and semi-humid environments and is widely recognised in West and Central Africa as a medicinal plant used in the treatment of many diseases. A new sub-association has been described within the association: Clappertonium fiscifoleon and Echinochleon obtusifolium. 
Table. 4. Spectrum of biological types of the association 
	Biological types 
	Gross spectrum 
	Weighted spectrum

	
	
	

	Phanerophytes
	 
	Number of species 
	%
	Cover
	%

	
	Mesophanerophytes
	9
	12.16
	3.55
	12.86

	
	Microphanerophytes
	10
	13.51
	3.11
	11.26

	
	Megaphanerophytes
	6
	8.1
	1.77
	6.41

	
	Climbing phanerophytes
	5
	6.75
	2.22
	8.04

	
	Nanophanerophytes
	4
	5.4
	2.27
	8.22

	
	Erect therophytes
	5
	6.75
	1.33
	4.81

	Geophytes
	Rhizomatous geophytes
	9
	12.16
	3.24
	11.73

	
	Tuberous geophytes
	5
	6.75
	1.55
	5.61

	Chamephytes
	Chamephytes Erect
	4
	5.4
	2.12
	7.68

	
	
	
	
	
	

	Hemicryptophytes
	Cespitose hemicryptophytes 

	21
	28.37
	6.44
	23.33

	
	
	
	
	
	

	Total
	74
	100
	27.6
	100



Analysis of the spectrum of biological types in this association shows a predominance of cespitose Hemicriptophytes (28.37%), followed by Microphanerophytes (13.51%) in the association, and Mesophanerophytes and rhizomatous Geophytes (12.16%). The other biological types have values of less than 10%.
4. DISCUSSION
4.1. Diversity of families 
Forests in eastern and central Cameroon have a high proportion of Leguminosae with a high capacity to transform atmospheric nitrogen, and these Leguminosae play a metabolic and symbiotic role in the proper functioning of soils and the balance of ecosystems between plants and fungi. They are recognised as the carpet on which the other groups rest, giving them the stability of the original vegetation (Essono et al., 2017; Kabelong et al., 2018). The high proportion of Leguminosae observed in the study area confirms these authors' idea of the stability of this vegetation, with a high rate of local species containing a large quantity of litter serving as a mat on which other floristic units rely for their functioning.
4.2. Diversity indices 
Sonké & Lejoly (1998) Cit. Kabelong et al (2018) show that the high value of the Shannon index confirms the high proportion of certain rare species. In periodically flooded forests, the high proportion of species such as Polycias fulva (R4), Aningeria altissima (R7), Distemonanthus benthamianus, Tetracera alnifolia, Diopyros suaviolens (R10), Mammea africana, Pterygota macrocarpa et Plagiotyles africana (R11), Mitragyna stipulosa and Landolphia mannii (R11) which are rare species and absent in other surveys or plots. The lowest Pielou equitability value is obtained when certain species are dominant in the plot (Gillet, 2000). This low value is always obtained in periodically flooded forests (0.24) with dominant species such as Annonidium mannii, Petersianthus macrocarpus, Uapaca gunensis and Tabernaemontana crassa, which corroborates the author's idea.
4.3. Biological spectra 
Beina (2011) Cit. Sonké (1998) shows that the anatomical and morphological features of species characterise their biological types. In practice, these characteristics do not determine the systematic position of species, but do explain their adaptation to types of biotope. The predominance of the three biological types mentioned above can be explained by the heliophilic nature of the forests of Central Africa (White, 1986). For the same author, Mesophanerophytes, Microphanerophytes and Megaphanerophytes are the dominant morphological types in the forests of eastern and central Cameroon, reflecting the increased conquest of species in search of light, which gives these forests their heliophilous character. The wide dominance of phanerophytes gives these forests their characteristic heliophilous character, which is entirely consistent with this conclusion.
4.4. Phytogeographical distribution 
The forests located in the Congo Basin show an abundance of Guineo-Congolian species on the one hand, and a low proportion of widely distributed species on the other (Nschimba, 2008; Noumi, 2005; Njike, 2019). The high proportion of Guineo-Congolian species found in the Akonolinga forest confirms the hypothesis that the forests located in the central region of Cameroon are an extension of the Congo Basin forest massif with a low proportion of widely distributed species.
4.5. Diameter structure 
During the reconstitution and regeneration phases of tropical forests, individuals become rare as diameters increase. This observation was made in the forests of Mont Kala located above 1000 m by Mandjapévo (2019); Fongzonssie et al., 2008 in the Megame gorilla sanctuary; Tchoua, 2019 on Mount Kupe. According to these authors, the increase in small diameters explains a process of regeneration of the vegetation cover. Throughout the area surveyed, small-diameter trees are the most represented, showing a progressive regeneration dynamic in line with these authors and confirming that the floodplain vegetation in the bed of the Nyong (Akonolinga) is in the process of regenerating its canopy.
4.6. Distinct plant groupings 
All the phytosociological surveys carried out in the dition (16 surveys) in the periodically flooded forests, river banks and secondary transitional forests between dry land and hydromorphic soils are made up of a matrix of 342 species subjected to factorial correspondence analysis and ascending hierarchical classification, which have made it possible to individualise the groups of surveys in relation to habitats and ecological constraints.
4.6.1. [bookmark: _Toc71725723][bookmark: _Toc250339930] Association with Petersianthus macrocarpus and Anonidium mannii
The association with Petersianthus macrocarpus and Anonidium mannii (Ass. Nouv.) of periodically flooded and swampy forests, described on hydromorphic soils in the vegetation of the bed of the Nyong at Akonolinga, is recognised in the Mitragynetea class (Schmitz, 1963). Species from this group are characteristic of forests where the substrate is constantly wet during periods of flooding or ebbing. Some individuals develop stilt-like root structures and permanent dampness is not in itself a selective factor for regeneration. In fact, it is within this association that regeneration is most marked, with a high proportion of juveniles. A number of characteristic species were identified in the floristic surveys: Uapaca guineensis, Uapaca heudelotii, Mammea africana, Symphonia globulifera, Mitragyna stipulosa, Mitragyna speceosa, Palisota mannii, Palisota ambigua, Carapa procera, etc.
4.6.2.  Association with Macaranga spinosa and Tabernaemontana crassa
The association with Macaranga spinosa and Tabernaemontana crassa is an association observed in transitional forests between terra firma forests and periodically flooded forests (semi-caducifoliate forests). In some places, the substrate is humid with a semi-hydromorphic tendency. Macaranga spinosa and Tabernaemontana crassa are two of the association's main species. The floristic composition of this association is provided by surveys carried out in the transition zones between dry land and hydromorphic soils (R14, R15, R16, R12, and R13). The high tree stratum is also representative, with a few trees visible to a certain extent, leaving the landscape entirely dominated by the shrub stratum, which is largely made up of these two emblematic species. A number of species are also part of the association's flora: 
Macaranga spinosa is a species belonging to the Euphorbiaceae family that thrives in dry areas and prefers humid environments. It is very present in semi-caducifolia forests, where the species sometimes grows in pure stands. It is a shrub 10 to 20 m tall with a downward-pointing, thorny stem of 10 to 20 cm. The leaves are alternate, simple and entire with lanceolate linear stipules. The inflorescences are axillary panicles 3 to 6.5 cm long, with very small triangular bracts showing unisexual flowers. The Macaranga genus comprises more than 280 species, 30 of which are endemic to tropical Africa. The tree is used for many purposes in Africa, including roofing, medicines and handicrafts.
Tabernaemontana crassa is a plant of the Apocynaceae family, an Afro-tropical species widely distributed in African forests. The Tabernaemontana genus comprises around 120 species, with more than 18 species in Africa. 
It is a shrub that can grow up to 15 m tall, with a hairless trunk and grey or brown bark. The leaves are opposite, simple and entire, and the inflorescences are corymbs 10 to 30 cm long with numerous flowers. The plant is used in pharmacopoeia for the large number of alkaloids it contains to treat many illnesses in tropical Africa. Highly toxic, the plant can be used to combat phytopathogens in plantations.
4.6.3.  Association with Alchornea latifolia and Combretum zenkeri 
This new association belongs to the Phragmitetea class observed on the river bank. Four (4) floristic surveys are included in the composition of the association (R1, R2, R5 and R6). The vegetation is dominated by the shrub layer in places where the flooding is less pronounced, and is derived from the ancient Alchornio-Combretion alliance, where the species of the shrub layer are widely represented, and the assemblage is made up of a mixture of secondary forest species. The floristic composition gives a hundred or so characteristic species: Alchornea latifolia, Combretum zenkeri, Pycnanthus angolensis, Combretum sp., Dialium pachiphyllum, Glyphaea brevis, Irvingia sp., Alstonea boonei, Anthocleista djalonensis, Anthocleista vogelei, Anchomanes difformis, etc. The two (2) dominant species observed in the surveys making up this association are Alchornea latifolia and Combretum zenkeri.
Alchornea latifolia is a shrub that grows in hydromorphic environments and marshy areas, and can reach up to 3 m in height. The inflorescences have sepals with 8 stamens, the fruits are capsules (7 mm in diameter) and the species is found in tropical America and Africa. The high production of these fruits means that the plant occupies a lot of space, sometimes forming a pure stand. 
Combretum zenkeri is an Afro-tropical species, a liana around 27 m long found in savannahs and secondary forests. It occupies humid and semi-humid environments and is widely recognised in West and Central Africa as a medicinal plant used in the treatment of many diseases. A new sub-association has been described within the association: Clappertonium fiscifoleon and Echinochleon obtusifolium.
5. CONCLUSION 
This study, which focused on the phytosociology of the floodplain vegetation in the bed of the Nyong at Akonolinga, firstly showed a diversified floristic background despite the permanent or periodic presence of hyrdomorphy. Secondly, it enabled three (3) new associations to be characterised and described (Petersianthus macrocarpus and Anonidium manni, Macaranga spinosa and Tabernaemontana crassa and the association with Alchornea latifolia and Combretum zenkeri). Two (2) new sub-associations are described (the sub-association with Clappertonia fiscifolia and Echinochloa obtusiflora and the sub-association with Haumania danckelmaniania and Maranthochloa purpurea). These new floristic units are attached to two (2) classes, Mitragynetea and Phragmitetea. The floristic data obtained complements and enriches existing information to guide the conservation and sustainable management of this ecosystem, which is still ecologically fragile and constantly under pressure from human activities.
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Leguminosae	Euphorbiaceae	Apocynaceae	Marantaceae	Commelinaceae	Rubiaceae	Poaceae	Malvaceae	Arecaceae	Annonaceae	Meliaceae	Moraceae	Ulmaceae	130	77	40	39	36	32	30	27	26	26	25	23	23	Families


Number of species



Effectifs	
Mesophanerophytes	Microphanerophytes	Megaphanerophytes	Rhizomatous geophytes	Nanaphanerophytes	Climbing phanerophytes	Upright chamaephytes	Erect theophytes	Hemicriptophytes	Tuberous geophytes	Prostrate epiphytes	Rhizomatoushemicriptophytes	247	163	145	80	59	52	47	41	30	15	14	10	Biological types


Number of species




Sarcochore	Sclerochore	Ballochore	Pterochore	Barochore	Pogonochore	Desmochore	468	119	108	62	34	33	7	Dissemination of diaspores


Number of species



Effectif	
Guinean Congolese	Guinean	Afrotropical	Guinean Sudanese Zambian	Pantropical	Tropical paleo	Afro-Malagasy	Afro-Asian	341	251	115	66	41	24	20	14	Phytogeographical distribution


Number of species



Nombre de pieds	[10-20]	[20-30]	[40-50]	[30-40]	[50-60]	[70-80]	[60-70]	[80-90]	[90-100]	[100-110]	[110-120]	337	163	141	128	121	67	37	14	10	3	1	Diameter class


Number of species
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