Floristic diversity and ecological characterization of the habitat of Crocodylus suchus in the Niger River in the Niamey region

Abstract 
Sustainable management of freshwater reptiles in West Africa Sahel is affected by great data scarcity, regional data gaps mostly about the crocodile’s species like Crocodylus suchus. Thus, this study addresses these gaps by determining the floristic diversity and characterizing the habitat of Crocodylus suchus in the Niger River in the Niamey region. We used a systematic random sampling for the floristic inventory using the Brun-Blanquet method. We recorded 58 plant species belong 23 families and 43 genera with a predominance of Eichhornia crassipes (12.32%) and Echinochloa stagnina (12.42%) which varies significantly across the area (P < 0.05). The others have a frequency of 5% or less. Approximately 40 species have a low frequency, with a percentage less than 1%. The macrophytes are 58.54% dicotyledons and 41.46% monocotyledons. The most represented families are Poaceae (29.76%), Convolvulaceae (16.10%), followed by Pontederaceae and Cucurbitaceae at 13.41% and 12.93%, respectively. Ecosystem classification based on species richness revealed two distinct groups of habitats, with similarities between the islands and the right bank. The results also showed that the observation frequency and cumulative mean cover of species vary very significantly across the area (P< 2.2e-16). Dominant species such as Echinochloa stagnina, Mimosa pigra and Eichhornia crassipes have high cover at 1.95%, 1.86%, and 1.33%, respectively. The dominant families are represented by stable and prolific species, with an abundance of prolific species in the Convolvulaceae family. This study has characterized the floristic diversity of the crocodile habitat, highlighting the dominant species and plant communities present. Further research would be useful to better understand the environmental factors and ecological processes that influence the floristic composition and structure of plant communities in this habitat. Management and conservation strategies could be developed to maintain biological diversity and prevent negative impacts on the ecosystem, taking these results into account.
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1. Introduction 
Biodiversity conservation is a crucial issue for ecosystem management, as natural habitats are subject to increasing pressures from human activities such as deforestation, pollution, and climate change (Chapin et al., 2000 ; Vitousek et al., 1997) . These pressures can lead to biodiversity loss and negative impacts on ecosystems, including the degradation of ecosystem services essential for human well-being (MEA, 2005) .
Crocodile habitat is an important ecosystem that requires proper management and conservation to maintain its biodiversity and ecological functions. Aquatic ecosystems and wetlands are particularly vulnerable to human impacts, as they are often subject to multiple pressures, such as pollution, overfishing, and habitat destruction (Dudgeon et al., 2006) .
Understanding the floristic diversity of crocodile habitat is essential for developing effective management and conservation strategies. Plants play a crucial role in ecosystems, particularly in terms of primary production, regulation of biogeochemical cycles, and provision of habitat for other organisms (Grime, 2001 ; Mahamane, 2006) .
In Niger, several studies have focused on the floristic and faunal diversity of the Niger River (Saadou & Adjanohoun, 1984 ; Alhou, 2007 ; Adamou, 2021 ; Bourahima et al., 2024) . However, these studies did not consider the crocodile habitat in the context of the river's habitat. Hence the importance of this study, whose overall objective is to characterize the diversity of macrophytes in the Niamey crocodile habitat. Characterizing the floristic diversity of the crocodile habitat will allow for a better understanding of the interactions between plants and other organisms, and for the development of management and conservation strategies that take into account the specific needs of this ecosystem. This involves (1) characterizing the floristic diversity of the crocodile habitat (2) identifying the dominant species and plant communities present in this habitat (3) determining the environmental factors and ecological processes that influence the floristic composition and structure of plant communities in this habitat.
2. Materials and methods
2.1. Study Area
Niamey, the capital of Niger, is located on the Niger River in the far west of the country. This region lies between latitudes 13°35' and 13°24' South and meridians 2° and 2°15' East (Figure 1). Its altitude ranges from 160 m to 250 m, and its administrative boundaries cover 552.27 km², of which approximately 185 km² is urbanized (INS, 2012) . The Niger River flows through the Niamey region for a distance of 17 km, and the region comprises twenty-seven (27) administrative villages and sixty-five (65) districts, each with its own chief ( Niamey Region, 2008) .	Comment by RONALD RANGEL: This space must be removed.
[image: ]
Figure 1 : City of Niamey	Comment by RONALD RANGEL: This space must be removed.
2.2. Methods
Two approaches have been ritualized. These are a floristic inventory based on the Brun Blanquet method and an investigation to assess conservation status and degree of threat.
2.2.1. Choice of study area
[bookmark: _Hlk204253801]The choice was based on several criteria such as: (1) relative calm in terms of security compared to the entire river system since the border with Mali (2) strong anthropogenic pressure on natural resources , (3) the presence of crocodile populations on the river.	Comment by RONALD RANGEL: This space must be removed.
2.2.2. Sampling
The floristic inventory was carried out via systematic random sampling (Bourahima et al., 2024) which was carried out through linear transects at the level of both banks (Left and Right) and the Islands of the Niger River following the stigmatic method of (Braun-Blanquet, 1932) .
Furthermore, the survey was conducted using systematic random sampling on both sides of the river. The target population for this study consists of 896,417 inhabitants (INS) distributed between the 1st, 4th and 5th municipal districts of the city of Niamey. The sample size was determined using the Slovin formula, (1960) allowing a representativeness threshold to be set based on the size of the population and an acceptable margin of error.

n : sample size;
N: size of the target population;
e = margin of error (expressed in decimal);
Considering a margin of error of 7%, the sample size is equal to 204 people distributed among 10 villages and districts along the Niger River.
2.2.3. Data Collection
The surveys were carried out in plots of 16 m² or 4 m x 4 m (Mahamane, 2006) . These are located on the edges of the banks and islands constituting the crocodile's habitat.
In addition, an investigation form was used to characterize the different threats observed.
The survey data were collected on a pre-established form. This form contained questions whose answers allowed researchers to identify a list of threatened or extinct species, the main threats observed ranked by importance, and the most impacted species. A section of the form lists the main islands in the Niamey region . The sites concerned are : Gorou Banda, Kossey , Lossogoungou , Yantala , Gamkalé , and Karey. Gorou , Kourteré , Lamordé , Nogaré and Kirkissoye .	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
2.2.4. Data Analysis
The floristic data were entered, cleaned, and processed in Excel using pivot tables and formulas. Analysis of variance (to test the significance of variations) and hierarchical clustering of similarities between sub-ecosystems (to determine similarity ratios) were performed using R. Shi -square tests were also conducted in R to test for significant differences in the frequency and cumulative cover values of species within the area.
2. 2.4.1. Floral richness
All individuals encountered during the inventory were identified and then grouped by family, genus, and species. ( Berhaut 's flora of Senegal , 1967) in ( Burgt et al., 2010) ,the flora of Benin (Akogninou, Van der Burg, & Van der Maesen, 2006) coupled with online resources helped in the identification of species.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: What are they?
2.2.4.2. Ecological parameters
2.2.4.2.1. Diversity indices
Alpha diversity is assessed using the Shannon-Weaver diversity indices. These indices are expressed as:
· The Shannon index (H') : H' = - 
With pi = ni/N, the relative abundance of species i in the total sample to which the species belongs, N = total number of individuals, ni = number of individuals of species i (Thiombiano, et al., 2016) . The index H' is expressed in bits and is used to assess heterogeneity and diversity, and ranges from 1 to more than 4. It is: low if it ranges from ]0; 2.5]; medium from [2.5; 4[ and high from 4 and above (Morou, 2010) .
· Piélou's Fair Trade (E) : 
With S representing the number of species, E ranges from 0 to 1 (Thiombiano et al., 2016) . It is very useful for comparing potential dominance between sites. This index reflects the degree of diversity achieved relative to the maximum possible (Djego, 2006) and ranges from 0 to 1. It tends towards 0 when almost all individuals belong to a single species and takes the value 1 when all species have the same number of individuals. E < 0.6 = low; 0.6 ≤ E ≤ 0.7 = medium; E ≥ 0.8 = high.
These parameters were calculated according to the three parts of the river (islands, left bank, and right bank). The significance of the variation in these parameters was assessed using ANOVA tests.
An ascending hierarchical classification was established based on the specific richness of the records according to the parts concerned by the study.
2.2.4.2.2. Descriptive indices
Specific frequency (presence absence) and average coverage were calculated for each species to assess their abundance and dominance.
The abundance-dominance coefficients assigned to the species are as follows:
+ : species present as an isolated individual (covering less than 1%), i.e. an average cover (AR) of 0.5%;
1: species present in the form of few individuals which occupy less than 5% of the surface, i.e. an RM of 3%;
2: species present in the form of abundant individuals, covering 5 to 25% of the surface, i.e. an RM of 15%;
3: species whose coverage is between 25 and 50%, i.e. an RM of 37.5%;
4: species whose coverage is between 50 and 75%, i.e. an RM of 62.5%;
5: species whose coverage is between 75 and 100%, i.e. an RM of 87.5%.
[bookmark: _Hlk210437623]2.2.4.2.3. Conservation status of species
The conservation status of the species was determined by taking into account the following aspects:
1. The IUCN Red List
2. Decree No. 2018-191/PRN/ME/DD of March 16, 2018, determining the modalities of application of Law No. 2004-040 of June 8, 2004 on the forest regime in Niger.
3. Direct field observation to characterize the local status and
4. The threats to plant species were listed based on the survey form.
3. Results
3.1. Floral richness
The macrophytic flora of the crocodile habitat is rich in 58 species, of which 58.54% are dicotyledons and 41.46% are monocotyledons. These species are distributed among 23 families and 43 genera. The most represented families are Poaceae (29.76%), Convolvulaceae ( 16.10%), followed by Pontederaceae and Cucurbitaceae at 13.41% and 12.93% respectively (Figure 2).	Comment by RONALD RANGEL: This space must be removed.
	Comment by RONALD RANGEL: For the purpose of representation in the graph, it is not appropriate to include those families that are below 5%, as they give the impression of having no value. Only include those families that are at or above 5% in the graph, according to the scale you are using, and add a note in the text if you wish to mention the families below 5%, or change the graph's scale to be able to see those below that value.
I recommend labeling the axes of the graph.
Figure 2: Importance of macrophyte families in the crocodile habitat
3.2. Ecological parameters
3.2.1. Diversity indices
The diversity parameters are presented in Table 1.
Table 1: Parameters of crocodile habitat diversity and its sub-components
	Medium	Comment by RONALD RANGEL: You must maintain the same format and distribution of values ​​in the table.
	Shannon index H' (bits)
 
	Maximum diversity Hmax (bits)
	Equity of Pielou (E)

	Specific richness (S)

	[bookmark: _Hlk213615947]Zone (Niamey)
	4.63
	5.86
	0.79
	58

	Left Bank
	4.19
	5.04
	0.83
	33

	Right Bank
	4.49
	5.46
	0.82
	44

	Island
	3.96
	4.75
	0.83
	27

	ANOVA
(P-value)
	0.0908
	0.2325
	0.000381
	185.7



Analysis of the latter shows that the rich zone is rich in biodiversity, as evidenced by its diversity index (4.63). The sub-ecosystems are also rich, with values quite close to 4. The H' index shows low values for the islands ( 3.96 ) compared to the two banks ( 4.19 and 4.49) . Furthermore, the Hmax index is higher at the zone level and lower at the island level. Pielou's evenness is practically stable for the zone and its three components, with a maximum value for the islands and a minimum for the zone. In terms of species richness, the islands are less diverse than the two banks. The right bank is more diverse than the left bank. The ANOVA test indicates a non-significant variation in the values of H', Hmax , and S. This means that there is insufficient evidence to conclude that there is a significant difference between the means of these groups of parameters. Furthermore, the variation in Pielou's fairness appears to be significant depending on the environment.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
3.2.3. Classification of ecosystems according to floristic composition
Figure 2 presents the classification of crocodile habitat ecosystems based on their floristic composition. Analysis of the figure indicates two groups of environments. The first group is that of the left bank, and the second is composed of the left bank and the islands.	Comment by RONALD RANGEL: right bank?
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Figure 2: Classification of the three environments according to floristic composition
3.3. Descriptive parameters
3.3.1. Specific Frequency
Table 2 presents the list of species encountered according to the frequency of observation and the percentage per species.
Table 2: List of species encountered and their observation frequencies translated into percentages
	Species
	Frequency of observation
	Percentage (%)

	[bookmark: _Hlk216612685]Eichhornia crassipes (Mart.) Solms .
	59
	13.32

	Echinochloa stagnina ( Petz . ) P. Beauv .
	55
	12.42

	Ipomoea aquatica Forssk .
	40
	9.03

	Mimosa pigra L.
	36
	8.13

	Polygonum lanigerum R. Br.
	34
	7.67

	Nymphaea maculata Schum . And Thann.
	21
	4.74

	Ipomoea asarifolia Ders.
	20
	4.51

	Azolla africana Desv .
	19
	4.29

	Neptunia oleracea Heavy .
	15
	3.39

	Cynodon dactylon (L.) Pers.
	13
	2.93

	Ludwigia hyssopifolia (G. Don) Exell.
	13
	2.93

	Oryza barthii A. Chev .
	11
	2.48

	Ludwigia adscensdans (L) Hara = Ludwigia stolonifera (Guill. & Perr .) Raven.
	10
	2.26

	Ipomoea carnea Jacq.
	7
	1.58

	Nymphaea lotus Linn. (bololi bero)
	7
	1.58

	Echinochloa polystachya ( Kunth ) Hitchc .
	6
	1.35

	Melochia corchorifolia L.
	5
	1.13

	Sacciolepis africana Hubb & Snowden.
	5
	1.13

	Commelina benghalensis L.
	4
	0.9

	Cyperus articulatus L.
	4
	0.9

	Luffa aegyptiaca Mill.
	4
	0.9

	Sesbania leptocarpa DC.
	3
	0.68

	Eragrostis cilianescens (Germany) FT Hubb .
	3
	0.68

	Orya longistaminata A. Chev.& Roehr.
	3
	0.68

	Securidaca longipedunculata Fresen .
	3
	0.68

	Typha domingensis (Pers.) Steud .
	3
	0.68

	Vigna gracilis ( Guill . & Perr .) Hook. f. Var. multiflora (Hock. f.) Maréchal & Stain
	3
	0.68

	Bauhinia rufescens Lam .
	2
	0.45

	Eucalyptus camaldulensis Dehnh.
	2
	0.45

	Ischaemum rugosum Salibsb .
	2
	0.45

	Nymphaea lotus Linn.
	2
	0.45

	Prosopis juliflora (SW.) DC.
	2
	0.45

	Vigna ambacensis Bak. Var. pubigera (Bak.) Marshal. Matt. And Stain .
	2
	0.45

	Acroceras zizanioides ( Kunth ) Dandy
	1
	0.23

	Ambrosia trifida L.
	1
	0.23

	Calotropis procera ( Aiton ) W. T.Aiton .
	1
	0.23

	Cleome viscosa L.
	1
	0.23

	Commelina erecta L.
	1
	0.23

	Cynodon dactylon (L.) Pers. Bero
	1
	0.23

	Cyperus alopecuroides Rottb .
	1
	0.23

	Cyperus difformis L.
	1
	0.23

	Cyperus esculentus L.
	1
	0.23

	Cyperus rotundus L
	1
	0.23

	Echinochloa obtusiflora Stapf .
	1
	0.23

	Hakonechloa Macra (Munro) Honda.
	1
	0.23

	Heliotropum indicum L.
	1
	0.23

	Ludwigia deccurens Walt. Syn.
	1
	0.23

	Momordica balsamia L.
	1
	0.23

	Mukia maderaspatana (L.) Roem .
	1
	0.23

	Paspalum polystachyum Stapf .
	1
	0.23

	Phoenix dactylifera L.
	1
	0.23

	Physalis minima L.
	1
	0.23

	Ricinus communis L.
	1
	0.23

	Sphenoclea zeylanica Gaertn .
	1
	0.23

	Triumfetta rhomboidea Jacq.
	1
	0.23

	Urena lobata L.
	1
	0.23

	Vetiveria nigritana ( Benth ) Stapf .
	1
	0.23

	Zornia glochidiata Reichb.ex DC.
	1
	0.23

	P-value (Shi-square test)
	P-value < 2.2e-16
	

	Grand Total
	443
	100


The shi- square test performed on the frequency values indicates a p-value < 0.05 (2.2e-16). This means that the frequency values of the species vary very significantly across the area. The analysis clearly shows that the species Eichhornia crassipes is the most commonly encountered, followed by Echinochloa stagnina and Ipomoea aquatica , Mimosa pigra and Polygonum lanigerum . The others have a frequency of 5% or less. Approximately 40 species have a low frequency, with a percentage less than 1%.	Comment by RONALD RANGEL: This space must be removed.
3.3.2. Average Recovery
The average coverage of the area by aquatic species is 19.70%. Table 3 shows the distribution of this coverage among the species if the area is considered as a survey.
Table 3: List of species encountered and their average coverage over 100% of the area
	Species
	Cumulative RM
	RM

	[bookmark: _Hlk210483411][bookmark: _Hlk213785531]Echinochloa stagnina ( Petz . ) P. Beauv .	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
	2078.5
	1.95

	Mimosa pigra L.
	1981
	1.86

	Eichhornia crassipes (Mart.) Solms .	Comment by RONALD RANGEL: This space must be removed.
	1418
	1.33

	Polygonum lanigerum R. Br.
	1075
	1.01

	Ipomoea aquatica Forssk .	Comment by RONALD RANGEL: This space must be removed.
	811
	0.76

	Ipomoea asarifolia Ders.
	557.5
	0.52

	Nymphaea maculata Schum . And Thann.	Comment by RONALD RANGEL: This space must be removed.
	345
	0.32

	Neptunia oleracea Heavy .	Comment by RONALD RANGEL: This space must be removed.
	333.5
	0.31

	Oryza barthii A. Chev .	Comment by RONALD RANGEL: This space must be removed.
	316.5
	0.3

	Cynodon dactylon (L.) Pers.
	281
	0.26

	Ipomoea carnea Jacq.
	202
	0.19

	Sesbania leptocarpa DC.
	151
	0.14

	Cyperus articulatus L.
	143.5
	0.13

	Securidaca longipedunculata Fresen .
	127.5
	0.12

	Ludwigia adscensdans (L) Hara = Ludwigia stolonifera (Guill. Et Perr.) Raven.
	116
	0.11

	Nymphaea lotus Linn.
	93
	0.09

	Typha domingensis (Pers.) Steud .
	90
	0.08

	Sacciolepis africana Hubb & Snowden.
	54
	0.05

	Ischaemum rugosum Salibsb .
	52.5
	0.05

	Ludwigia hyssopifolia (G. Don) Exell.
	43.5
	0.04

	Luffa aegyptiaca Mill.
	39.5
	0.04

	Melochia corchorifolia L.
	39.5
	0.04

	Nymphaea lotus Linn.
	38
	0.04

	Prosopis juliflora (SW.) DC.
	38
	0.04

	Phoenix dactylifera L.
	37.5
	0.04

	Sphenoclea zeylanica Gaertn .
	37.5
	0.04

	Eucalyptus camaldulensis Dehnh.
	30.5
	0.03

	Azolla africana Desv .
	24.5
	0.02

	Eragrostis cilianescens (Germany) FT Hubb .
	15.5
	0.01

	Acroceras zizanioides ( Kunth ) Dandy
	15
	0.01

	Cyperus difformis L.
	15
	0.01

	Paspalum polystachyum Stapf .
	15
	0.01

	Echinochloa polystachya ( Kunth ) Hitchc .
	2.5
	0

	Commelina benghalensis L.
	2
	0

	Orya longistaminata A. Chev.& Roehr.
	1.5
	0

	Vigna gracilis ( Guill . & Perr .) Hook. f. Var. multiflora ( Hock . f.) Maréchal & Stain	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
	1.5
	0

	Bauhinia rhufescens Lam .	Comment by RONALD RANGEL: This space must be removed.
	1
	0

	Ambrosia trifida L.
	0.5
	0

	Calotropis procera ( Aiton ) W. T.Aiton .	Comment by RONALD RANGEL: This space must be removed.
	0.5
	0

	Cleome viscosa L.
	0.5
	0

	Commelina erecta L.
	0.5
	0

	Cynodon dactylon (L.) Pers. Bero
	0.5
	0

	Cyperus alopecuroides Rottb .
	0.5
	0

	Cyperus esculentus L.
	0.5
	0

	Cyperus rotundus L.
	0.5
	0

	Echinochloa obtusiflora Stapf .
	0.5
	0

	Hakonechloa Macra (Munro) Honda.
	0.5
	0

	Heliotropum indicum L.
	0.5
	0

	Ludwigia deccurens Walt. Syn.
	0.5
	0

	Momordica balsamia L.
	0.5
	0

	Mukia maderaspatana (L.) Roem .
	0.5
	0

	Physalis minima L.
	0.5
	0

	Ricinus communis L.
	0.5
	0

	Triumfetta rhomboidea Jacq
	0.5
	0

	Urena lobata L.
	0.5
	0

	Vetiveria nigritana ( Benth ) Stapf .
	0.5
	0

	Vigna ambacensis Bak. Var. pubigera (Bak.) Marshal. Mats. And Stain.
	0.5
	0

	Zornia glochidiata Reichb.ex DC.
	0.5
	0

	P-value ( shi- squared test)
	< 2.2e-16
	

	Grand Total
	10635.5
	100



shi- square test indicates a p-value <0.05 (2.2e-16). This means that the mean cumulative cover varies very significantly between species in the area. It appears that the Echinochloa species stagnina ( Petz . ) P. Beauv ., Mimosa pigra L., Eichhornia crassipes (Mart.) Solms . et Polygonum lanigerum R. Br. have the greatest overlap (1<RM<2). The other species have a low overlap of less than 1 (0<RM<1).	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
3.4. List of species mentioned during the survey and their conservation status
The list of species mentioned during the survey and their conservation status is presented in Table 4.
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Table 4: List of species mentioned and their conservation status
	Species
	Families
	Gender
	Common noun
	Right
	Left bank
	IUCN Status
	National status
	Local status

	Mimosa pigra L., 1759
	Fabaceae
	Mimosa
	Mimosa
	X
	X
	LC
	
	Prolific

	Mimosa pudica L., 1753
	Fabaceae
	Mimosa
	
	X
	X
	LC
	
	Prolific

	Ipomea carnea Jacq., 1760
	Convolvulaceae
	Ipomea
	
	X
	X
	
	
	Prolific

	Ipomea aquatica Forssk ., 1775
	Convolvulaceae
	Ipomea
	Water bindweed
	X
	X
	LC
	
	Stable

	Persicaria senegalensis Soják , 1974
	Polygonaceae .
	Persicaria
	Senegal Persicaria
	X
	X
	LC
	
	Prolific

	Echinochloa polystachya ( Kunth ) Hitchcock.
	Poaceae
	Echinochloa
	Bourgou
	X
	X
	LC
	
	Stable

	Echinochloa stagnina (Retz) P. Beauv . 1812	Comment by RONALD RANGEL: This space must be removed.
	Poaceae
	Echinochloa
	Bourgou
	X
	X
	LC
	
	Stable

	Typha domingensis Pers., 1807
	Typhaceae
	Typha
	Typha
	X
	X
	
	
	Prolific

	Ludwigia adscendens (L.) H.Hara
	Onagraceae
	Ludwigia
	
	X
	X
	
	
	Stable

	Borassus aethiopum Mart., 1838
	Arecaceae
	Borassus
	Palm tree
	X
	X
	LC
	Class A
	Threat

	Eucalyptus camaldulensis Dehnh., 1832
	Myrtaceae
	Eucalyptus
	Eucalyptus
	X
	X
	
	
	Stable

	Hyphaene thebaica (L.) Mart., 1838
	Arecaceae
	Hyphaene
	Doum palm
	X
	X
	LC
	
	Threat

	Adansonia digitata L., 1759
	Bombacaceae
	Adansonia
	Baobab
	X
	X
	LC
	Class A
	Stable

	Prosopis juliflora ( Sw .) DC
	Mimosaceae
	Prosopis
	Prosopis
	X
	X
	LC
	
	Prolific

	Glinus Lotus L.
	Molluginaceae 
	Glinus
	
	X
	X
	LC
	
	

	Cynodon dactylon (L.) Pers., 1805
	Poaceae
	Cynodon
	Hound's foot
	X
	X
	LC
	
	Threat

	Ludwigia erecta (L.) H. Hara
	Onagraceae
	Ludwigia
	
	X
	X
	
	
	

	Phragmites australis ( Cav .) Trin. ex Steud ., 1841
	Poaceae,
	Phragmites
	Common reed
	X
	X
	LC
	
	

	Nymphea lotus L., 1753
	Nymphaeaceae
	Nymphea
	Nenuphar
	X
	X
	LC
	
	Stable

	Vachellia nilotica (L.) PJ H.Hurter & Mabb., 2008[	Comment by RONALD RANGEL: ?
	Fabaceae
	Vachellia
	
	X
	X
	
	
	Threat

	Cyperus articulatus L., 1753
	Cyperaceae
	Cyperus
	Articulated stump
	X
	x 
	LC
	
	Stable

	[bookmark: _Hlk203420230]Mangifera indica L., 1753
	Anacardiaceae
	Mangifera
	Mango
	X
	
	LC
	
	Stable

	Phoenix dactylifera L., 1753
	Arecaceae
	Phoenix
	Date palm
	X
	
	LC
	Class A
	Threat

	Ziziphus mauritiana Lam ., 1789	Comment by RONALD RANGEL: This space must be removed.
	Rhamnaceae
	Ziziphus
	Apple of the Sahel
	X
	
	LC
	Class A
	Threat

	Azadirachta indica A.Juss ., 1830	Comment by RONALD RANGEL: This space must be removed.
	Meliaceae
	Azadirachta
	Neem
	X
	
	LC
	
	Stable

	Bauhinia rufescens Lam .	Comment by RONALD RANGEL: This space must be removed.
	Fabaceae
	Bauhinia
	
	X
	
	LC
	
	Threat

	Calotropis procera ( Aiton ) W. T. Aiton , 1811
	Apocynaceae
	Calotropis
	
	X
	
	
	
	

	Schoenoplectus lacustris (L. ex [[ Palla ]
	Cyperaceae
	Schoenoplectus
	X
	
	
	
	Stable

	Faidherbia albida A. Chev ., 1934	Comment by RONALD RANGEL: This space must be removed.
	Fabaceae.
	Faidherbia
	
	X
	
	LC
	Class A
	Threat

	Oryza sativa L., 1753
	Poaceae
	Oryza
	Rice
	X
	
	
	
	

	Eichhornia crassipes (Mart.) Solms , 1883
	Pontederiaceae
	Eichhornia
	Water hyacinth
	X
	X
	LC
	
	Prolific

	Mitragyna inermis ( Willd .) Kuntze , 1891
	Rubiaceae
	Mitragina
	
	X
	
	
	
	Threat

	Celtis integrifolia L.
	Ulmaceae
	Celtis
	celts
	X
	
	LC
	
	

	Khaya senegalensis ( Desr .) A.Juss ., 1830	Comment by RONALD RANGEL: This space must be removed.
	Meliaceae
	Khaya
	Khaya
	X
	
	SEEN
	Class A
	Threat

	Vitex doniana Sweet, 1827
	Lamiaceae
	Vitex
	Vitex
	X
	
	LC
	Class A
	Threat




Analysis of the table shows that the abundant and dominant species (Eichhornia crassipes and Mimosa pigra) in the area have a prolific local status. Others, despite their low frequency in the area, are also declared as prolific. These are Ipomoea carnea and Persicaria senegalensis. Some of these species have a stable status, particularly those of the Poaceae family, which is the majority, with a few rare threatened species such as Cynodon dactylon . Furthermore, species of the Convolvulaceae family are largely considered prolific.	Comment by RONALD RANGEL: This space must be removed.
4. Discussion
4.1. Floral richness
First, it is interesting to note that the macrophyte flora of the crocodile's habitat is relatively rich, with 58 recorded species. This suggests that this habitat is favorable to the growth of a variety of plant species.The predominance of dicotyledons (58.54%) over monocotyledons (41.46%) is consistent with the general trend observed in many terrestrial and aquatic ecosystems. According to several studies, dicotyledons are often more diverse than monocotyledons in many habitats (APG IV, 2016) .The Poaceae family (29.76%) is one of the most represented in this habitat, which is not surprising given that Poaceae is one of the most diverse and widespread plant families on Earth (The Angiosperm Phylogeny Group, 2016) . Poaceae are often associated with wetlands and aquatic habitats, which correspond well to the crocodile's habitat. Convolvulaceae (16.10 %) are also well represented in this habitat. This family includes species that are often found in wetlands and aquatic habitats, such as manure heaps and stream banks (Austin, 2006) .The Pontederiaceae (13.41%) and Cucurbitaceae (12.93%) are also noteworthy families. Pontederiaceae are a family of aquatic plants often found in still waters and wetlands (Tanaka, 2015). Cucurbitaceae , on the other hand, include species often associated with wetlands and aquatic habitats, but also with cultivated areas and gardens (Schaefer and Renner, 2011) . Crocodile habitat is a complex and diverse ecosystem that supports a variety of plant species. The predominance of Poaceae and Convolvulaceae suggests that this habitat is characterized by wet and aquatic conditions. The results of this study could have important implications for the conservation and management of this fragile habitat.	Comment by RONALD RANGEL: space
4.2. Ecological parameters
4.2.1. Diversity indices
First, the Shannon diversity index (4.63 bits) indicates that the study area is rich in plant species. This value is comparable to those found in other similar ecosystems, such as wetlands and aquatic ecosystems (Kent & Coker, 1992). Sub-ecosystems also have (MacArthur, 1967) diversity values close to 4, which suggests they are also species rich. However, the low diversity index value for islands compared to both shores is noteworthy. This could be due to several factors, such as island size, distance from the shore, or island-specific environmental conditions (MacArthur & Wilson, 1967) . Islands are often considered isolated systems, which can lead to a loss of species diversity due to the founder effect and genetic drift (Whittaker & Fernandez, 2007) . The Hmax index is higher at the zone level than in the sub-ecosystems, suggesting that the zone has a more complex and diverse community structure. However, the lower Hmax value for the islands could indicate that the plant communities on the islands are less complex and less diverse. Pielou's evenness is practically stable for the area and its three components, suggesting that species are distributed relatively evenly across the different sub-ecosystems. However, the maximum value for the islands and the minimum for the area could indicate that plant communities on the islands are more evenly distributed, but this could also be due to the lower species richness of the islands. In terms of species richness, the results show that the islands are less diverse than the two banks, which is consistent with the results of the diversity index. The right bank is more diverse than the left bank, which could be due to factors such as topography, hydrology, or human activities (Forman, 1995) . These results suggest that the studied area is rich in plant species, but that the sub-ecosystems have different characteristics in terms of diversity and community structure. The islands are less diverse than the two shores, which could be due to their isolation and specific environmental conditions. The diversity is similar to that obtained by Bourahima et al. 2024 .	Comment by RONALD RANGEL: The year should be in parentheses.
4.2.2. Significance of variation in ecological parameters
The lack of significant difference between the values of H', Hmax and S between the different groups of parameters suggests that the plant communities in the different sub-ecosystems have similar characteristics in terms of diversity and species richness. This result is interesting because it suggests that the environmental factors and ecological processes influencing the diversity and species richness of plant communities are similar across different sub-ecosystems. This could be due to homogeneity of environmental conditions in the study area, or to strong connectivity between sub-ecosystems that allows for similar dispersal and colonization of species (Leibold et al., 2004) . However, the ANOVA test also indicates that the variation in Pielou's evenness is significant between environments. This suggests that plant communities in the different subecosystems have different community structures in terms of species evenness. This could be due to factors such as interspecies competition, predation, or environmental disturbances that influence species distribution in the different subecosystems (Kinyanjui et al., 2014) .In summary, these results suggest that plant communities in the different sub-ecosystems have similar characteristics in terms of diversity and species richness, but different community structures in terms of species evenness. This could have important implications for biodiversity conservation in this area, as it is important to consider the various aspects of biological diversity when managing and conserving ecosystems.
4.2.3. Classification of ecosystems based on floristic composition
The classification of crocodile habitat ecosystems based on their floristic composition reveals two distinct groups of environments. The first group consists of the left bank, which exhibits a unique floristic composition distinct from the other environments. This suggests that the left bank has specific environmental conditions that favor the growth of a particular plant community. The second group comprises the right bank and the islands, indicating a similarity between the macrophytes observed in these two environments. This suggests that the environmental conditions and ecological processes influencing floristic composition are similar in both habitats. The similarity between the islands and the right bank could be due to connectivity between these two environments, which allows for similar dispersal and colonization of plant species (Hubbell, 2001) . These results have important implications for the conservation and management of crocodile habitat. The left bank, with its unique floristic composition, may require specific conservation strategies to protect its biodiversity. Conversely, the similarity between the islands and the right bank suggests that joint conservation efforts could be implemented to protect both environments (Fahrig, 2003) .Furthermore, these results could also indicate that the environmental factors influencing the floristic composition of ecosystems are complex and multifaceted. Further studies on the environmental factors and ecological processes influencing the floristic composition of these ecosystems could provide valuable information for the conservation and management of these environments (Legendre & Legendre, 2012) .
4.3. Descriptive parameters
4.3.1. Frequency of species observation
The analysis shows that the species Eichhornia crassipes (Mart.) Solms . is the most commonly found in crocodile habitat, closely followed by Echinochloa stagnina ( Petz . ) P. Beauv . And Ipomoea aquatica Forssk . These dominant species are probably well adapted to the environmental conditions of the habitat and play an important role in the structure and functioning of the ecosystem (Grime, 2001) in (Krueger, 2002) .	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
The presence of Mimosa pigra L. and Polygonum lanigerum R. Br. in the list of the most frequent species is also noteworthy. These species can have significant impacts on the ecosystem, particularly in terms of competition with other plant species for resources (Tilman, 1988) .The low frequency of many species (approximately 40 species with a frequency of less than 1%) suggests that these species are rare or have specific ecological requirements that make them less competitive in this habitat (Hubbell, 2001) . This could be due to factors such as resource availability, competition with dominant species, or particular environmental conditions. These results have important implications for the management and conservation of crocodile habitat. The dominance of certain species may necessitate specific management strategies to maintain biological diversity and prevent negative impacts on the ecosystem (Chapin et al., 2000) .	Comment by RONALD RANGEL: This space must be removed.
4.3.2. Average recovery in the area
The results show that the Echinochloa species stagnina ( Petz . ) P. Beauv ., Mimosa pigra L., Eichhornia crassipes (Mart.) Solms . and Polygonum lanigerum R. Br. have the greatest covers, with a mean ratio (MR) between 1 and 2. This suggests that these species are not only present in the habitat, but are also abundant and dominant there (Kent & Coker, 1992). Plant cover is an important parameter for assessing the structure and composition of plant communities. Species with high cover can have a significant impact on the ecosystem, particularly in terms of competition for resources, environmental modification, and habitat provision for other organisms (Tilman , 1988). The other species have a low cover, less than 1, suggesting that they are less abundant and less dominant in the habitat. This could be due to factors such as competition with dominant species, particular environmental conditions, or specific ecological requirements ( Tilman , 1988). These results have important implications for habitat management and conservation. The dominance of certain species may necessitate specific management strategies to maintain biological diversity and prevent negative impacts on the ecosystem ( Chapin et al., 2000).	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
4.4 Species mentioned and conservation status
[bookmark: _GoBack]Analysis of the table shows that the abundant and dominant species in the area have a prolific local status, suggesting that these species are well adapted to their environment and have a high reproductive capacity ( Grime, 2001) . (Krueger, 2002) . The predominance of species from the Poaceae family is consistent with the literature, as this family is known to be one of the most diverse and widespread in terrestrial ecosystems ( Clayton and Renvoize, 1986 ). Poaceae are often pioneer species that rapidly colonize open and disturbed environments, allowing them to dominate plant communities ( Tilman , 1988). The stability of species in the Poaceae family is also consistent with the literature, as these species are often characterized by high phenotypic plasticity and a high capacity for adaptation to changing environmental conditions ( Chapin et al., 2000 ). However, the presence of rare and threatened species such as Cynodon dactylon in this family underlines the importance of biodiversity conservation in this area. Species in the Convolvulaceae family are also of interest, as they are often considered invasive or prolific species in certain ecosystems (Baker, 1965). The prolific nature of these species may be due to their high reproductive capacity and their ability to rapidly colonize open areas. These results are consistent with the literature and underscore the importance of biodiversity conservation in this area. The predominance of species from the Poaceae family and the prolific growth of species from the Convolvulaceae family suggest that these species are well adapted to their environment and have a high reproductive capacity.	Comment by RONALD RANGEL: This space must be removed.	Comment by RONALD RANGEL: This space must be removed.
5. Conclusions
[bookmark: _Hlk210483812]This study characterized the floristic diversity of the crocodile's habitat, highlighting the dominant species and plant communities present. The results show that the habitat is rich in plant species, with a predominance of certain species such as Eichhornia crassipes, Echinochloa stagnina. The classification of ecosystems revealed two distinct groups of habitats, with similarities between the islands and the right bank. The results also showed that the dominant species have high cover, which may have important implications for habitat management and conservation. These results open up interesting perspectives for the management and conservation of crocodile habitat. These include (1) further research to better understand the environmental factors and ecological processes that influence the floristic composition and structure of plant communities in this habitat; (2) further investigation of the potential impacts of the dominant species on the ecosystem and other organisms; and (3) developing management and conservation strategies to maintain biological diversity and prevent negative impacts on the ecosystem.
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