


Impact of abiotic factors on woody communities distribution in peri-urban wetlands of Yaoundé, Cameroon
Abstract	Comment by Farhan Moshood: Your abstract is devoid of figures to support your points. Figures of diversity index,  ANOVA results etc. should be mentioned as appropriate.  The abstract looks to empty without necessary figures. 
Knowledge of the abiotic factors influencing the spatial distribution of tree species groups is essential for the definition of strategies for conservation and sustainable management of tropical forests. In particular, swamp forests are fragile formations with floristic and ecological specificities with the need for conservation. The flora data collection was carried done using the Braun-Blanquet method of 30 rectangular phytosociological surveys of 25 mx 20 m. Dendrometric measurements were taken on all woody individuals with a DBH ≥ 10 cm at 1.30 m height from the ground. R software was used to discriminate clusters and perform principal component analysis. Diversity indices were calculated for each cluster. In total, 45 plant species divided into 44 genera and 24 families have been identified. The specific diversity is low in the five woody plant groups identified. The spatial distribution of these woody plant groups does not only depend on the heterogeneity of edaphic conditions but is also determined by microtopography and anthropization . Thus, the group of Raphia mombuttorum and Alstonia boonei and the group of Uapaca guineensis and R. mombuttorum with little human impact and occupying the clay-textured soils of steep-sided land with poor drainage present a stable structure. On the other hand, the grouping with Mitragyna stipulosa and R. mombuttorum ; the group with R. mombuttorum and Alchornea cordifolia and the group with M. stipulosa and U. guineensis which are highly anthropized and developed on clayey-sandy textured soils of flat, well-drained land are formations with an unbalanced structure. Despite human activities affecting the integrity of the groups, the swamp forests under study have great ecological value.	Comment by Farhan Moshood: Please recast	Comment by Farhan Moshood: You need to tell us how many wood groups and mention them.	Comment by Farhan Moshood: Mention the index/indices used to calculate the diversity.	Comment by Farhan Moshood: were
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1. Introduction	Comment by Farhan Moshood: Your introduction feels too heavy and packed with long and complicated sentences, which makes it a bit hard to follow. 

2. Some ideas, like those about abiotic factors and forest degradation, are repeated and could be made more concise. 

3. The references are formatted inconsistently, with uneven spacing and punctuation that make the text look less polished. 

4. There are also some grammatical slips and awkward phrases like “reductionresources in woody” that interrupt the flow. 

5. Your  writing jumps too quickly from general ecological concepts to the Cameroonian context, making the transitions feel a little abrupt. I think you should take it step by step. 

6. Transition phrases such as «however», «furthermore», etc are lacking in this introduction and should be used as necessary.. 
A much more explanatory approach to the structure of a plant group and its evolution involves a phytoecological analysis. This technique leads to a partition of space into management units ( Hakizimana et al., 2012 ). These authors indicate that the vegetation series is individualised based on quantitative criteria relating to forest areas degraded or not by urbanisation, and especially by qualitative criteria related to the types of plant groups. The abiotic factors that determine the distribution of plant communities are rarely uniform and continuous in time and space, and their identification is a major concern in synecology. Moreover, studies of forest typology provide a biological response to site heterogeneity, which is a reflection of geomorphological and pedological characteristics (Vleminckx et al., 2014). Such information is lacking in the Cameroonian context, which constitutes a fundamental challenge complicating the task for scientists, conservators and wetland managers who often have to work with limited data to study, restore and sustainably manage the floristic heritage that swamp forests shelter. Yet, knowledge of these factors is crucial to define the management modalities of forest stands (Kossi et al., 2016). As several authors recognize, the mechanisms of specific coexistence are dependent on the scale of investigation. If, at the biogeographic scale, communities are linked to geological, historical and climatic causes (Amani et al., 2013), abiotic factors such as relief, nature of the substrate, edaphic conditions are the most likely to explain the coexistence of species at a regional or local scale (Russo et al., 2005). The constituent species of swamp forests are typical riparians which contrast sharply with the adjacent vegetation (Sambaré, 2020). In tropical environments, swamp forests provide numerous ecosystem services to populations in both rural and urban areas. These ecosystem services include flood control; groundwater recharge ; retention and export of sediments and nutrients; water purification; the role of reservoir of biological diversity; non-timber forest products and climate change mitigation ( Sabi Lolo Ilou et al., 2017). 	Comment by Farhan Moshood: Not necessary. 	Comment by Farhan Moshood: Cite at least three of those authors
 In the tropics, we are witnessing a process of widespread degradation of swamp forests, aggravated by unfavorable socio-economic and pedoclimatic contexts (Dossou et al., 2012). This degradation is accompanied by the modification of the structure of plant groups by a considerable reductionresources in woody  (Missa et al., 2020). The loss of natural resources constituting a threat to humanity has become a fundamental concern since the Rio Conference in 1992. Thus, research aimed at the ecological characterization of swamp forests exposed to deforestation is timely to contribute to their optimal conservation. However, the question of the relationships between abiotic factors and the distribution of woody groups remains unresolved in the Central African sub-region in general and in Cameroon in particular. Even if anthropization is the most discussed determining factor in the spatial distribution of woody stands (Mbarga et al., 2017a), edaphic conditions and microtopographic position are nonetheless essential for the distribution of groups at the scale of a swamp forest (Sambaré et al ., 2010). 	Comment by Farhan Moshood: The tropics is witnessing...	Comment by Farhan Moshood: Not clear	Comment by Farhan Moshood: ????	Comment by Farhan Moshood: You need to support this with different findings.	Comment by Farhan Moshood: Replace with “anthropogenic factors” 
The objectives of this work are to: (1) determine the floristic diversity and specific richness of woody groups; (2) characterize the structure of the different woody groups; (3) analyze the impact of abiotic factors on the spatial distribution of woody groups in the swamp forests around the city of Yaoundé.
2. Materials and methods
2-1 Study environment
The study was conducted in the south-east of the surrounding area of the city of Yaoundé (2°06 and 6°14N - 9°42 and 13°45E) (Figure 1), in the departments of Mfoundi and Mefou - et- Afamba. The studied environment is limited to the north by the city of Yaoundé and to the south by Nsimalen international airport. The relief is irregular and consists of a set of hills and valleys, between 700 and 1200 m above sea level.	Comment by Farhan Moshood: Please clarify and expatiate.
composed of micaschists and gneiss while the soils belong to the class of medium to highly desaturated reworked ferralitic soils (Brabant and Humbel , 1974). In the marshy areas, more or less organic hydromorphic soils are observed.
The hydrographic network is made up of several watercourses, the most important of which are the Abiergué, the Anga'a, the Mefou and the Mfoundi.
The climate is of the Guinean equatorial type with two dry seasons and two rainy seasons alternating and of unequal intensity: long rainy season (September-November); long dry season (December-February); short rainy season (March-June); short dry season (July-August). Average monthly temperatures vary from 18°C to 28°C in the wet season and from 16°C to 31°C in the dry season. Average relative humidity ranges between 65% and 78%.
The indigenous population is primarily made up of Ewondo people, who depend on agriculture and, to a lesser extent, livestock farming. This urban and peri-urban agriculture is practiced in the neighboring marshy areas. These socioeconomic activities have impacts that negatively influence the structure, functioning, and dynamics of the woody communities in the marshy areas.
Phytogeographically, the study environment is an integral part of the low and medium altitude semi-deciduous humid dense forest zone. It is marked by the dominance of Euphorbiaceae, Sterculiaceae, Ulmaceae, etc. (Letouzey, 1985). This forest vegetation is very degraded due to human activity mainly. However, in areas far from the city of Yaoundé, the swamp forests are relatively well preserved. The sampled sites are ecologically different and are far from the city of Yaoundé; with the exception of the Mvan-Nkolnkié site which is 4 km as the crow flies from the city center. This site is located around the Nkié River, a tributary of the Mfoundi. The vegetation adjacent to the swamp forest is completely destroyed by agricultural activities and residential houses. The Odza I site is located approximately 9 km from the urban center. The retained swamp forest is anthropized and borders the Odza river, a tributary of the Mfoundi. The Minkan site is located around the Anga'a river, a tributary of the Mefou. It is located about twelve kilometers from the city of Yaoundé. Although not benefiting from protected status, the swamp forest is relatively intact. The Nkolnda site is located about fifteen kilometers from the city of Yaoundé. The swamp forest bordering the Abiergué river has been destroyed by local populations for agricultural activities. The Nkolmefou site is located 17 km from the city of Yaoundé. The swamp forest runs along the Mefou. Agricultural activities are often practiced there. The Nsimalen site is located 18 km from the urban center of Yaoundé. This site is located near Yaoundé- Nsimalen International Airport and benefits from some protection as such. The swamp forest borders the Mefou River, and agricultural and logging activities are prohibited there.	Comment by Farhan Moshood: Please recast all and reduce.
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Figure 1. Geographic location of sites and spatial distribution of phytosociological surveys.
2-2. Phytosociological and dendrometric surveys
A total of 30 phytosociological surveys were carried out from July to August 2022 on the study sites. Data collection corresponded to the short dry season (June-August). On each site, five 25 m long transects were installed on either side of the watercourse on both banks. The transects are perpendicular to the watercourses and their distance is variable (50–100 m). These variations in distance between the transects are explained by the fact that, when a transect falls on an inaccessible point, we move it. On each transect, a rectangular plot of 25 x 20 m or 500 m² installed for floristic inventories. The phytosociological surveys were carried out according to the Zurich -Montpellier Braun-Blanquet sigmatist method defined by Guinochet (1973).	Comment by Farhan Moshood: No information on the five (5) woody groups??
In the same phytosociological survey plots, dendrometric surveys were carried out on trees with a diameter at breast height greater than or equal to 10 cm ( dbh ≥ 10 cm). The height of these trees was also recorded.
2-3. Collection of ecological data
Ecological data were also recorded in each plot. They relate to microtopography (flat terrain, steep terrain), anthropization (little anthropization, very anthropization) and edaphic conditions, namely: drainage (good drainage, poor drainage), humidity (little humidity, very humidity) and soil texture (sandy clay; clayey). Soil texture (% sand and clay) was determined on samples taken from the first 30 cm of soil in the four corners and the center of each plot. These different samples were mixed to constitute a composite sample per plot for a granulometric analysis to lead to the determination of the soil texture of each marsh at the IITA (International Institute of Tropical Agriculture) laboratory.
2-4. Data processing
For the discrimination of groups of surveys, the dendrogram produced in R software version 3.3.2. On this dendrogram, the surveys are ordered according to their degree of floristic resemblance. To determine the characteristic species in each group, the species importance value index (IVI) was calculated. This index is obtained from the following parameters:	Comment by Farhan Moshood: Please reconstruct this sentence.




The IVI of a species is therefore the sum of its relative density, its relative dominance and its relative frequency. This index varies from 0 (absence of dominance) to 300 (mono-dominance). Each discriminated group is named by two dominant species having the highest IVI values. Among these two species, only those with a relative density greater than or equal to 10% were retained.	Comment by Farhan Moshood: A formula should also be generated for IVI as generated for R.D, D.R., Freq and RF.
A principal component analysis (PCA) was carried out to determine the influence of ecological variables on the spatial distribution of woody groups. The Pearson correlation test was calculated. It made it possible to establish the links between ecological variables and structural parameters (density and basal area). The biological types linked to the distinguished phenological model are those defined according to the classification of Raunkiaer (1934) and modified by Lebrun (1947). In the present work, these are essentially phanerophytes which have been subdivided into three subtypes namely microphanerophytes (2 < mph ≤ 8 m), mesophanerophytes (8 < mPh ≤ 30 m) and megaphanerophytes (MPh > 30 m). The adopted phytogeographic types correspond to the major chorological subdivisions White (1986) and accepted for Africa. These are the species with a very wide distribution in tropical regions (paleotropical /Pal), the species with a wide distribution in Africa (Afrotropical/AT and Afro-Malagasy/AM) and the species with a regional distribution in Africa including taxa with a Central Guinean/CG and Guinean-Congolese/GC distribution and finally the taxa of the Guinean-Congolese-Sudanese-Zambézian/GC-SZ regions) which are species of regional transition zones. The diameter class structure was established, with diameter classes of amplitude equal to 10 cm.	Comment by Farhan Moshood: Recast
For each woody group identified, diversity indices and structural parameters were determined.
2-3-1- Calculation of diversity indices
The floristic diversity of woody groups was assessed using diversity indices. The Shannon-Weaver index (1949) was calculated based on the average recoveries from the abundance-dominance coefficients of species within the surveys. The formula for this index is as follows:	Comment by Farhan Moshood: Shannon-Weaver is a communication model. The correct one is Shannon-Wiener 
; with P i = r i /r where r i is the recovery of species i in the survey considered and r denotes the total sum of the recoveries of the species in the survey.
 is expressed in bits and generally varies between 1 and 4 bits.  is minimal ( =0) if all individuals in the woody group belong to a single species, or H' is minimal if, in a group, each species is represented by a single individual. The index is maximal when all individuals are distributed equally across all species. For < 2.5, diversity is low; 2.5 ≤ < 4, it is average; ≥ 4, it is high.
Piélou 's (1966) fairness index or Blondel's Equidistribution (E) which represents the ratio of to the theoretical maximum index in the population ( max = log 2 S). It evaluates the regularity of the distribution of species within a community. It is given by the following formula: ; E is between 0 and 1 and reflects the degree of diversity achieved in relation to the maximum possible.
The links between ecological variability and the spatial distribution of woody groups were highlighted using principal component analysis using R software.
2-3-2- Calculation and analysis of structural parameters
To characterize the structure of the woody vegetation of the marshy areas of each identified woody group, the following parameters were calculated:
· The average density of trees; it is given by the following formula:

With, n = total number of trees in the stand and s = total area of the woody group surveys;
· The average diameter of trees whose formula is:

With, N = number of trees in the woody group considered, nor the number of trees of diameter i and di = diameter (in cm) of tree i;

· Basal area average (G) in m²/ha; allows the evolution of the grouping over time to be monitored. Its formula is as follows:

di = diameter of tree i and s = total area of the woody group surveys;
· The arithmetic mean height of the cluster, which is expressed below:
 
Where ni and hi are the number and height of tree i respectively, and N the total number.
Biostatistical analyses
Comparisons of means (One- way ANOVA) between the structural parameters of the woody groups were carried out using the Tukey test performed with R software version 3.0.2.	Comment by Farhan Moshood: Tukey test is a post-hoc/follow-up test, please.  
3. Results
3-1. Overall floristic richness
A total of 45 plant species divided into 44 genera and 24 families were recorded across all sites (Table 1). The four most abundant families in terms of number of species are, in order, Fabaceae (13.13%), Phyllanthaceae (11.11%), then Apocynaceae and Malvaceae. which each represent 8.88% of the woody species inventoried. The morphological types are generally dominated by a large proportion of trees (57.77%) compared to shrubs (42.23%).
Table 1. Comprehensive list of woody species recorded in swamp forests. TB: biological types; TM: morphological types; TP: phytogeographic types.	Comment by Farhan Moshood: This should be under the table. It is not part of the caption.
	No.
	Families
	TB
	TM
	TP
	Woody species

	1
	Anacardiaceae
	MPh
	TREE
	AM
	Pseudospondias microcarpa ( A.Rich .) Engl

	2
	Apocynaceae
	mPh
	TREE
	GC
	Alstonia boonei From Wild.

	3
	Apocynaceae
	mph
	Shrub
	GC
	Rauvolfia vomitoria Afzel .

	4
	Apocynaceae
	mph	Comment by Farhan Moshood: Tell us what they stand for. Likewise AM, GC, GGC-SZ etc.
	Shrub
	GC
	Tabernaemontana crushed Benth.

	5
	Apocynaceae
	MPh
	TREE
	GC
	Funtumia Africana (Preuss ) Stap

	6
	Araliaceae
	mph
	Shrub
	CG
	Polycias fulva (Hiern ) Harms

	7
	Arecaceae
	mph
	Shrub
	GC
	Elaeis guineensis Jacq.

	8
	Arecaceae
	mph
	Shrub
	CG
	Raphia mombuttorum Drude

	9
	Bigniniaceae
	MPh
	TREE
	GC
	Spathodea campanulata P. Beauv.

	10
	Burseraceae
	mPh
	TREE
	GC
	Canarium Schweinfurthii English.

	11
	Cecropiaceae
	mph
	Shrub
	CG
	Myrianthus arboreus P. Beauv .

	12
	Clusiaceae
	mPh
	TREE
	CG
	Allanblackia floribunda Olive.

	13
	Erythroxylaceae
	mPh
	TREE
	GC
	Erythroxylum mannii Olive.

	14
	Fabaceae
	mPh
	TREE
	GC
	Albizia zygia (DC.) JF Macbr.

	15
	Fabaceae
	mPh
	TREE
	CG
	Distemonanthus benthamianus Bail.

	16
	Fabaceae
	mPh
	TREE
	GC-SZ
	Erythrophleum suaveolens (Guil. & Perr.) Brenan

	17
	Fabaceae
	mPh
	TREE
	CG
	Pentaclethra macrophylla Benth.

	18
	Fabaceae
	mPh
	TREE
	CG
	Piptadeniastrum africanum (Hook.f.) Brenan

	19
	Fabaceae
	mPh
	TREE
	CG
	Pterocarpus soyauxii Taub .

	20
	Flacourtiaceae
	mph
	Shrub
	GC
	Oncoba welwitschii Olive.

	21
	Hypericaceae
	mph
	Shrub
	AM
	Harungana madagascariensis Lam. ex Pear .

	22
	Irvingiaceae
	mPh
	TREE
	CG
	Desbordesia oblonga (Engl.) Van Thiegh .

	23
	Irvingiaceae
	mPh
	TREE
	GC
	Irvingia gabonensis (Aurey -Lecomte ex

	24
	Loganiaceae
	mph
	Shrub
	AM
	Anthocleista Schweinfurthii Gilg

	25
	Malvaceae
	mph
	Shrub
	GC
	Cola filicifolia Mast.

	26
	Malvaceae
	MPh
	TREE
	CG
	Ongokea gore Pierre

	27
	Malvaceae
	MPh
	TREE
	GC
	Sterculia rhinopetala K. Schum

	28
	Malvaceae
	mPh
	TREE
	AM
	Sterculia tragacantha Lindl.

	29
	Moraceae
	mPh
	TREE
	CG
	Ficus mucuso Welw. ex Ficalho

	30
	Myristicaceae
	mPh
	TREE
	GC
	Pycnanthus angolensis (Welw.) Warb.

	31
	Ulmaceae
	mPh
	TREE
	CG
	Celtis tessmannii From Wild.

	32
	Passifloraceae
	mph
	Shrub
	AM
	Barteria fistulosa (Mast.) Sleuder

	33
	Phllanthaceae
	MPh
	TREE
	GC
	Ricinodendron heudelotii (Bail.) Pierre ex Heckel

	34
	Phyllanthaceae
	mph
	Shrub
	AT
	Alchornea cordifolia (Schumach. & Thonn.)

	35
	Phyllanthaceae
	mph
	Shrub
	Pal.
	Bridelia micrantha (Hochst.) Baill.

	36
	Phyllanthaceae
	mph
	Shrub
	CG
	Macaranga assassins Müll.Arg

	37
	Phyllanthaceae
	MPh
	TREE
	GC
	Uapaca guineensis Müll. Arg.

	38
	Polygalaceae
	mph
	Shrub
	GC
	Carpolobia alba G.Don

	39
	Rubiaceae
	mph
	Shrub
	CG
	Mitragyna stipulated (DC.) O.Kuntze

	40
	Rubiaceae
	mph
	Shrub
	GC
	Morinda lucida Benth.

	41
	Rubiaceae
	mPh
	TREE
	CG
	Nauclea diderrichii (From Wild.) Merril

	42
	Rubiaceae
	mph
	Shrub
	GC
	Psychotria densinervia (K. Krause) Verdc.

	43
	Rubiaceae
	mph
	Shrub
	GC
	Psydrax subcordata (DC.) Bridson

	44
	Rutaceae
	mPh
	TREE
	CG
	Zanthoxylum heitzii (Aubr. & Pellegr.) Waterman

	45
	Verbenaceae
	mPh
	TREE
	GC
	Vitex doniana Sweet




3-2. Determination of groupings and indices of importance value
Based on the matrix of 30 surveys and 45 species recorded, five groups were highlighted at the threshold of 19% of the Sorensen index (Figure 2). The IVIs give the contribution of the species recorded in the different woody groups (Appendix). For the GI group, the IVI ranges between 8.79% and 117% and highlights Mitragyna stipulosa (117%) and Raphia mombuttorum (66.30%) . The IVI of the GII group varies from 12% to 54.10% and reveals R. mombuttorum (54.10%) and Alchornea cordifolia (48%). The IVI has a value between 12.36% and 79.32%. The species with high contribution are R. mombuttorum (79.32%) and Alstonia boonei (36.99%). For the GIV group, the IVI values are between 9.87% and 90.05%. M. stipulosa (90.05%) and Uapaca guineensis (42.27%) are the dominant species. The IVI of the GV group ranges between 8.10% and 98%; U. guineensis (98%) and R. mombuttorum (22%) are the most dominant species . Overall, the preponderance of IVI of these dominant species is associated with their high abundance.

[image: ]
Fig 2- Mitragyna grouping stipulosa and Raphia mombuttorum ; GII: grouping to Raphia mombuttorum and Alchornea cordifolia ; GIII: grouping to Raphia mombuttorum and Alstonia boonei ; GIV : grouping at Mitragyna stipulated and Uapaca guineensis ; GV : grouping with Uapaca guineensis and Raphia mombuttorum .
3-3. Specific diversity of groups
The floristic richness is very variable between the five groupings both in terms of families and species (Table 2). The values of the Shannon diversity index (<2.50 bits) and those of the Piélou equitability index (0.56 to 0.70) are low and remain similar from one grouping to another; reflecting unfavorable ecological conditions and relative forest instability.	Comment by Farhan Moshood: Grammar!!!!!!!!
Table 2: Specific diversity of identified woody groups. M. sti-R.mom : Mitragyna group stipulosa and Raphia mombuttorum ; R. mom -A. cor: grouping at Raphia mombuttorum and Alchornea cordifolia ; R. mom -A. boo : group to Raphia mombuttorum and Alstonia boonei ; M. sti – U.gui : group at Mitragyna stipulated and Uapaca guineensis ; U.gui-R.mom : grouping at Uapaca guineensis and Raphia mombuttorum .
	Woody groups
	Number of families
	Specific richness
	Shannon index
	Fairness Index

	Mr. sti-R.mom 
	9
	10
	1.93
	0.69

	R. mom-A. cor 
	12
	12
	1.86
	0.70

	R. mom-A. boo
	13
	13
	1.90
	0.59

	Mr. Sti – U.gui
	12
	12
	1.04
	0.56

	U.gui-R.mom
	13
	13
	1.90
	0.62



3-4. Bioecological spectra of groups
Quantitative analysis of biological types (Figure 3) shows that microphanerophytes dominate in the grouping with M. stipulosa and R. mombuttorum ( 60%), the grouping at R. mombuttorum and A. cordifolia (58.33%) and the grouping at M. stipulosa and U. guineensis (50%). The vegetation of these groups is therefore dominated by individuals with a shrubby habit. On the other hand, megaphanerophytes are predominant in the group with R. mombuttorum and A. boonei (53.85%) and the grouping at U. guineensis and R. mombuttorum (46.15%) indicating an abundance of trees.
The phytogeographic spectrum (Figure 4) shows that the Guineo-Congolese species are dominant compared to the widely distributed paleotropical , afrotropical and afromalagasy species regardless of the grouping considered.

Figure 3. Biological spectrum of species recorded in the swamp forests around the city of Yaoundé. GI: group in Mitragyna stipulosa and Raphia mombuttorum ; GII: grouping to Raphia mombuttorum and Alchornea cordifolia ; GIII: grouping to Raphia mombuttorum and Alstonia boonei ; GIV : grouping at Mitragyna stipulated and Uapaca guineensis ; GV : grouping with Uapaca guineensis and Raphia mombuttorum .

Figure 4. Phytogeographic spectrum of species recorded in the swamp forests around the city of Yaoundé. GI: group in Mitragyna stipulosa and Raphia mombuttorum ; GII: grouping to Raphia mombuttorum and Alchornea cordifolia ; GIII: grouping to Raphia mombuttorum and Alstonia boonei ; GIV : grouping at Mitragyna stipulated and Uapaca guineensis ; GV : grouping with Uapaca guineensis and Raphia mombuttorum .
3-5. Structure of the groups
The structural profile of the woody groups of the swamp forests shows three allometric situations (Figure 5). An “L” shaped distribution is observable in the group at R. mombuttorum and A. boonei and the grouping at U. guineensis and R. mombuttorum representative of weakly anthropized swamp forests. This distribution pattern indicates a stable structure and good regeneration in these groups. The distribution of trees in diameter classes shows a predominance of small diameter stems which gradually decrease towards the large diameter classes.
The second allometric situation characterizing the grouping to grouping to M. stipulosa and U. guineensis shows a considerable decrease in small diameters; which reflects an unbalanced structure. The latter situation shows an erratic distribution, with few stems regardless of the class considered. The breaks between the diameter classes reveal the extent of anthropization. This situation is representative of the grouping with M. stipulosa and R. mombuttorum and the grouping to R. mombuttorum and A. cordifolia .

Fig 5-Diametric structure of the woody groups in the swamp forests surrounding the city of Yaoundé. GI: group in Mitragyna stipulosa and Raphia mombuttorum ; GII: grouping to Raphia mombuttorum and Alchornea cordifolia ; GIII: grouping to Raphia mombuttorum and Alstonia boonei ; GIV : grouping at Mitragyna stipulated and Uapaca guineensis ; GV : grouping with Uapaca guineensis and Raphia mombuttorum .

The densities of the presented groups vary significantly among themselves (p value < 0.05 Table 3). They vary from 138 ± 10.37 individuals/ha to 472 ± 13.51 individuals/ha. The highest densities are observed within the groups at U. guineensis and R. mombuttorum (472 ± 13.51 individuals/ha) and to R. mombuttorum and A. boonei (428 ± 12.96 individuals/ha). The M. stipulosa group and U. guineensis (138 ± 10.37 individuals/ha) and to a lesser extent the groups with M. stipulosa and R. mombuttorum  (262 ± 7.21 individuals/ha) and R. mombuttorum and A. cordifolia (255 ± 7.21 individuals/ha) have the lowest densities. Basal areas also vary significantly between them (p value < 0.05 Table 3). Thus, the highest basal areas are 34.59 ± 2.83 m²/ha and 32.99 ± 1.58 m²/ha respectively for the U. guineensis groups and R. mombuttorum and to R. mombuttorum and A. boonei . The lowest basal area is obtained in the grouping at M. stipulosa and U. guineensis (8.62 ± 0.48 m²/ha).
Table 3 . Summary of the structural characteristics of the identified woody groups. M. sti-R.mom : Mitragyna group stipulosa and Raphia mombuttorum ; R. mom -A. cor: grouping at Raphia mombuttorum and Alchornea cordifolia ; R. mom -A. boo : group to Raphia mombuttorum and Alstonia boonei ; M. sti – U.gui : group at Mitragyna stipulated and Uapaca guineensis ; U.gui-R.mom : grouping at Uapaca guineensis and Raphia mombuttorum . For the same variable, the means marked with two different letters in the same column are significantly different (p <0.001).
	Woody groups
	Density
(Feet/ha)
	Diameter
average (cm)
	Basal area
average (m²/ha)
	Arithmetic mean height (m)

	Mr. sti-R.mom 
	262 ± 7.21b
	29.06 ± 0.70ab
	14.72 ± 2.24b
	12.18 ± 1.41a

	R. mom-A. cor 
	255 ± 7.21b
	28.93 ± 0.72a
	16.75 ± 2.73b
	12.10 ± 1.58a

	R. mom-A. boo
	428 ± 12.96c
	31.33 ± 0.65c
	32.99 ± 1.58c
	11.98 ± 0.70a

	Mr. Sti – U.gui
	138 ± 10.37a
	28.21 ± 0.68a
	8.62 ± 0.48a
	11.05 ± 0.48a

	U.gui-R.mom
	472 ± 13.51d
	30.55 ± 1.37bc
	34.59 ± 2.83c
	11.77 ± 0.72a



3-6. Ecological determinism on groupings
The PCA (Figure 6) illustrates the edaphic, topographic and anthropic determinism on the spatial distribution of woody groups. The results of this PCA show that axis 1 (98.9%) separates the groups (GV and GIII) with little anthropic impact on very humid soil with clay texture from the groups (GI, GII and GIV) with much anthropic impact on low humidity soil with clay-sand texture. These results show that the spatial distribution of woody groups does not only depend on edaphic conditions but also on the microtopographic position and the intensity of anthropic disturbance.


Figure 6. PCA performed between woody groups and environmental conditions. GI: group at Mitragyna stipulosa and Raphia mombuttorum ; GII: grouping to Raphia mombuttorum and Alchornea cordifolia ; GIII: grouping to Raphia mombuttorum and Alstonia boonei ; GIV : grouping at Mitragyna stipulated and Uapaca guineensis ; GV : grouping with Uapaca guineensis and Raphia mombuttorum .
3-8. Relationships between structural variables and abiotic factors
The Pearson correlation test calculated at p value < 0.5% shows that there is a link between the structural variables (specific diversity, density and basal area) and the abiotic factors preselected in this study (fig 7). Specific diversity is positively correlated with the density and basal area of the groups. Similarly, low anthropization, deep terrain, poor drainage, clay texture and high soil moisture are positively and highly correlated with the density and basal area of the groups. Among the five groups identified, two clearly illustrate the correlation relationship between anthropization, microtopography, edaphic conditions and the structure of woody groups. Thus, the R. mombuttorum group and A. boonei and the grouping with U. guineensis and R. mombuttorum with little anthropization occupying clayey textured soils of poorly drained, steep-sided terrains describe the densest formations with the highest basal areas. On the other hand, the grouping with M. stipulosa and R. mombuttorum ; the R. mombuttorum and A. cordifolia grouping and the M. stipulosa grouping and U. guineensis, which are highly anthropized and grow on clay-sandy soils on flat, well-drained land, are plant formations with low density and basal area.
Fig 7- Correlation test between structural variables and abiotic factors. SPH: low humidity soil, Arg.S : clayey-sandy texture, TA: very anthropized, TP: flat land, BD: good drainage, DS: specific diversity, Arg: clayey texture, STH: very humid soil, PA: little anthropized, TE: steep land, MD: poorly drained, D: density, ST: basal area.	Comment by Farhan Moshood: This should be under the figure.
[image: ]
4. Discussion
4-1. Specific richness and floristic diversity of the groups
Floristically, the identified groups are generally less rich. These observations have already been made by many authors in humid tropical zones (Dossou et al., 2012; Mbarga et al., 2017). Indeed, the periodically flooded substrate is a selective environment that requires ecomorphological adaptations of the species. The development of stilt roots and pneumatophores are all adaptation mechanisms. The values of the Piélou diversity and evenness indices are low. This highlights a relative instability within these groups. This situation leads Mbarga et al. (2017b) to note that the diversity of the woody flora of a station would be a function of the influence of man. At the family level, it is the Fabaceae , the Phyllanthaceae , the Apocynaceae and the Malvaceae that impose the structural weight on the groups. This result is similar to that obtained by many authors who have worked on riparian forest stations in the Congo Basin (Miabangana et al., 2016 ; Bocko et al., 2016); in West Africa, in the south-east of Ivory Coast (Missa et al., 2015; Missa et al., 2020 ). According to Aubréville, (1959) the dominance of these botanical families is a fairly general phenomenon for most tropical humid dense forests. The abundance of Fabaceae is an eloquent indicator of the state of maturity of a forest (Missa et al., 2020). Guineo-Congolese species are largely in the majority among the species recorded with around 70% of the species. This proportion is remarkably close to that put forward by Kimpouni (2018) for the Guinean-Congolese endemism center. Indeed, the preponderance of these Guinean-Congolese species confirms the forest character of the study area. The dominance of microphanerophytes in the M. stipulosa and R. mombuttorum groups, R. mombuttorum and A. cordifolia and to M. stipulosa and U. guineensis indicates a mainly shrubby vegetation. This situation could be due to human activities. Indeed, the swamp forests sheltering these groups are easily accessible to the riverside population. The massive incursion of populations into these biotopes for agricultural activities and firewood cutting modifies the structure of the vegetation of these swampy areas (Mbarga et al., 2017b). The high representation of megaphanerophytes within the group at R. mombuttorum and A. boonei and the grouping to U. guineensis and R. mombuttorum would on the other hand be an indicator of the stability of the environment. This predominance of megaphanerophytes expresses a higher degree of structural organization, so that a more stable environment contains more ecological niches, and therefore more species. Analysis of species importance values indicates the presence of predominant species in these two groupings. In our study, these species are A. boonei , R. mombuttorum and U. guineensis . These species, more represented in the plots, dominate by the high proportion of their individuals. The preponderance of A. boonei in this grouping could be explained by the fact that it is protected by the local populations. Its importance in traditional African medicine and its local popularity are recognized. As for R. mombuttorum and U. guineensis , their presence is due to the fact that these species are characteristic of wetlands.	Comment by Farhan Moshood: Your discussion does not really speak to your result.	Comment by Farhan Moshood: ???	Comment by Farhan Moshood: This is too old.
4-2. Structure and ecology of woody groups
The distribution of structural parameters of woody groups varies according to topography, edaphic conditions (drainage, humidity and soil texture) and anthropization. There is indeed a significant difference in density and basal area between groups; this can be explained by environmental conditions. Thus, good edaphic conditions characterized by poor drainage, clayey texture and permanent humidity lead to high values of density and basal area observed in groups with R. mombuttorum and A. boonei and to U. guineensis and R. mombuttorum . The importance of topography on the structure of these groups has also been demonstrated. Indeed, a strongly positive correlation was obtained between marshy areas on steep terrain and the structure of woody groups. These observations lead Sambare et al. (2010) to conclude that topography conditions soil moisture, the spatial distribution of woody groups and their structural attributes, namely density and basal area. The general shape of the histogram of diameter classes is "L" shaped for groups with R. mombuttorum and A. boonei and to U. guineensis and R. mombuttorum. This appearance is typical of stable groups, in good state of conservation and with good regeneration capacity (Miabangana et al., 2020); a consequence of regular recruitment within the diameter classes (Puig, 2001)  . This is explained by the fact that these groups are far from the city of Yaoundé. This distribution also provides information on the forest growth model (Hitimana et al., 2004) and helps to understand the past management history of the forest stand and its dynamics (Awokou et al., 2009). Other authors believe that this distribution would characterize a forest stand with a predominance of sciaphilous species or little disturbed forest stands (Kossi et al., 2016). Indeed, individuals with small diameter ensure the future of natural formations, while those with large diameter resulting from natural selection are seed producers who ensure the future of populations through seed production ( Miabangana et al., 2020). In the context of this study, low anthropogenic pressure, poor drainage, clay texture and permanent humidity are all factors which contribute to explaining a high density of small diameters in these groups. These results are comparable to those obtained by Sambare et al. (2020) in the forest galleries of Burkina Faso. The densities found by these authors vary from 277.41 to 960 individuals/ha on the banks of rivers and streams. It should be noted that this observation does not seem to be generalizable to all forest types because a decreasing exponential distribution does not always mean that the forest is dominated by sciaphilous species; but could be the result of modifications induced by other factors. For the groups with M. stipulosa and U. guineensis , M. stipulosa and R. mombuttorum  and to R. mombuttorum and A. cordifolia The low proportion of large diameters reveals anthropization and factors such as the location on flat terrain and the clayey-sandy texture of the soil. These factors contribute to maintaining the spatial heterogeneity of woody groups (Sambaré et al., 2011 ; Mbarga et al., 2017 b).	Comment by Farhan Moshood: result in the high density and basal area observed 	Comment by Farhan Moshood: Was it your result that led Sambare et al. (2020) to reach that conclusion? Obviously No. You may just say your result aligns with Sambare et al. (2020) who concluded/noted/reported/observed that...	Comment by Farhan Moshood: How is this a justification? Explain better.	Comment by Farhan Moshood: Mention three or more of those authors…

Conclusion
This study has highlighted the floristic and structural differences between the woody groups in the swamp forests around the city of Yaoundé. Overall, the woody flora is not very diverse. Only 45 woody species were inventoried and four families were abundant, namely Fabaceae, Phyllanthaceae, Apocynaceae and Malvaceae. The Shannon index calculated is less than 2.5 bits for the five woody groups, reflecting the low floristic diversity in these groups.
PCA was used to divide the woody groups identified into two on the basis of abiotic factors of an edaphic, microtopographic and anthropic nature. Thus, the R. mombuttorum and A. boonei group and the U. guineensis and R. mombuttorum group, which have been little affected by human activity and are established on steep, clay-textured land, have a stable structure. This stability is revealed by the predominance of small-diameter stems, reflecting the good state of conservation and regeneration capacity of these groups. On the other hand, the M. stipulosa and R. mombuttorum group, the R. mombuttorum and A. cordifolia group and the M. stipulosa and U. guineensis group, which are highly anthropised and grow on flat, sandy-clay-textured land, show an unbalanced structure. These results will enable forest managers, and above all the Yaoundé urban community, to objectively orient a management plan adapted to each woody group and to develop rules for the sustainable exploitation of swamp forests.	Comment by Farhan Moshood: You should italicize this and others.
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Appendix 1. Species Importance Value Indices (IVI).
1- Group in Mitragyna stipulosa and Raphia mombuttorum (GI)
	SPECIES
	Relative density
	Relative dominance
	Relative frequency
	IVI

	1
	Alchornea cordifolia (Schumach & Thonn)
	4.69
	0.97
	7.84
	13.5

	2
	Celtis tessmannii From Wild.
	4.17
	7.96
	3.75
	15.9

	3
	Elaeis guineensis Jacq.
	3.67
	0
	7.77
	11.4

	4
	Ficus mucuso Welw. ex Ficalho
	4.92
	8.76
	6.76
	20.4

	5
	Macaranga assassins Müll.Arg
	5.29
	3.73
	7.76
	15.8

	6
	Mitragyna stipulated (DC.) O.Kuntze
	25.06
	67.31
	24.76
	117

	7
	Polycias fulva ( Hiern ) Harms
	1.56
	2.64
	3.88
	9.08

	8
	Raphia mombuttorum Drude
	42.56
	
	23.76
	66.3

	9
	Rauvolfia vomitoria Afzel .
	4.39
	3.48
	3.92
	8.79

	10
	Vitex doniana Sweet
	3.69
	5.15
	9.8
	21.6

	Total
	100
	100
	100
	300



2- Grouping of Raphia mombuttorum and Alchornea cordifolia (GII)
	SPECIES
	Relative density
	Relative dominance
	Relative frequency
	IVI

	1
	Alchornea cordifolia ( Schumach & Thonn )
	26.8
	10.4
	10.81
	48

	2
	Carpolobia alba G.Don
	3.6
	1.28
	10.81
	15.7

	3
	Raphia mombuttorum Drude
	24.3
	
	29.71
	54.1

	4
	Erythroxylum mannii Olive .
	2.72
	20.4
	2.7
	25.8

	5
	Harungana madagascariensis Lam . ex Pear .
	6.47
	8.53
	8.1
	23.1

	6
	Irvingia gabonensis ( Aurey -Lecomte ex
	7.91
	19.3
	8.12
	35.4

	7
	Macaranga assassins Müll.Arg
	7.19
	3.96
	5.43
	16.6

	8
	Morinda lucida Benth .
	5.76
	3.09
	5.4
	14.3

	9
	Psychotria densinervia (K. Krause) Verdc .
	2.88
	5.56
	5.4
	13.8

	10
	Distemonanthus benthamianus Bail .
	8.44
	13.8
	2.7
	24.9

	11
	Spathodea campanulata P. Beauv .
	1.44
	9.59
	5.41
	16.4

	12
	Sterculia tragacantha Lindl .
	2.44
	4.15
	5.41
	12

	Total
	100
	100
	100
	300



3- Grouping at Raphia mombuttorum and Alstonia boonei (GIII)
	SPECIES
	Relative density
	Relative dominance
	Relative frequency
	IVI

	1
	Allanblackia floribunda Olive .
	2.56
	4.14
	2.78
	9.48

	2
	Alstonia boonei From Wild.
	10.12
	16.31
	10.56
	36.99

	3
	Desbordesia oblonga (Engl.) Van Thiegh .
	3.27
	8.08
	5.56
	16.91

	4
	Myrianthus arboreus P. Beauv .
	3.28
	5.32
	8.78
	17.38

	5
	Ongokea gore Pierre
	2.28
	5.98
	5.56
	13.82

	6
	Pentaclethra macrophylla Benth .
	2.56
	9.14
	2.78
	14.48

	7
	Pterocarpus soyauxii Taub .
	2.51
	7.52
	2.33
	12.36

	8
	Pycnanthus angolensis ( Welw .) Warb .
	3.42
	5.32
	5.56
	14.3

	9
	Raphia mombuttorum Drude
	53.24
	0
	26.08
	79.32

	10
	Ricinodendron heudelotii ( Bail .) Pierre ex Heckel
	2.5
	9.72
	5.56
	17.78

	11
	Sterculia rhinopetala K. Schum
	3.71
	6.41
	2.78
	12.9

	12
	Sterculia tragacantha Lindl .
	4.26
	8.78
	7.78
	20.82

	13
	Uapaca guineensis Müll . Arg.
	6.29
	13.28
	13.89
	33.46

	
	
	100
	100
	100
	300



4- Group in Mitragyna stipulated and Uapaca guineensis (GIV)
	SPECIES
	Relative density
	Relative dominance
	Relative frequency
	IVI

	1
	Alchornea cordifolia (Schumach & Thonn)
	4.31
	5.07
	2.08
	11.46

	2
	Anthocleista Schweinfurthii Gilg
	8.31
	6.06
	18.17
	32.54

	3
	Barteria fistulosa (Mast.) Sleuder
	1.41
	0.46
	2.08
	3.95

	4
	Bridelia micrantha (Hochst.) Baill.
	7.69
	5.6
	8.33
	21.62

	5
	Canarium Schweinfurthii English.
	3.14
	6.5
	2.58
	12.22

	6
	Cola filicifolia Mast.
	6.94
	1.38
	8.37
	16.69

	7
	Erythrophleum suaveolens (Guil. & Perr.) Brenan
	0.78
	4.88
	4.21
	9.87

	8
	Funtumia Africana (Preuss) Stap
	1.9
	4
	4.19
	10.09

	9
	Mitragyna stipulated (DC.) O.Kuntze
	45.54
	26.9
	17.58
	90.05

	10
	Nauclea diderrichii (From Wild.) Merril
	5.7
	10.3
	14.58
	30.61

	11
	Pseudospondias microcarpa (A.Rich .) Engl
	3.47
	8.08
	2.08
	13.63

	12
	Uapaca guineensis Müll. Arg.
	10.81
	20.7
	15.75
	47.27

	Total
	100
	100
	100
	300



5- Group in Uapaca guineensis and Raphia mombuttorum (GV)
	SPECIES
	Relative density
	Relative dominance
	Relative frequency
	IVI

	1
	Albizia zygia (DC.) JF Macbr.
	5.31
	3.09
	2.05
	10

	2
	Barteria fistulosa (Mast.) Sleuder
	1.91
	2.06
	4.17
	8.1

	3
	Irvingia gabonensis (Aurey -Lecomte ex
	3.9
	13.79
	9.56
	27

	4
	Macaranga assassins Müll.Arg
	5.78
	8.88
	4.17
	19

	5
	Mitragyna stipulated (DC.) O.Kuntze
	3.14
	7.51
	14.6
	25

	6
	Oncoba welwitschii Olive.
	2.74
	1.48
	8.38
	13

	7
	Piptadeniastrum africanum (Hook.f.) Brenan
	2.69
	6.62
	8.33
	18

	8
	Psydrax subcordata (DC.) Bridson
	3.88
	2.98
	4.18
	11

	9
	Pterocarpus soyauxii Taub.
	4.54
	16.93
	7.58
	29

	10
	Raphia mombuttorum Drude
	11.41
	
	11.1
	22

	11
	Tabernaemontana crushed Benth.
	3.31
	5.82
	2.08
	11

	12
	Uapaca guineensis Müll. Arg.
	49.21
	25.78
	22.8
	98

	13
	Zanthoxylum heitzii (Aubr. & Pellegr) Waterman
	2.18
	5.06
	1.09
	8.3

	Total
	100
	100
	100
	300
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