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Environmental Gradient:  An ecological
surrogate to phytosociological diversity of a
tropical mangal-rainforest-ecotone in a
hydromesic tripartite plant community

Aim: To assess influence of edaphic environmental gradients as surrogate to
phytosociological diversity in a hyromesic habitat.

Study design: A systematic sampling approach of line-transect method was used.

Place and Duration of Study: Field sampling: tropical mangal-rainforest ecotone in parts of
Asarama, Andoni, Niger-Delta, Labortory analysis: Jack Petroanalytical Laboratory, and
University of Port Harcourt Ecology Laboratory, Port Harcourt, Nigeria, between September
2020 and August 2021.

Methodology: Soil sampling and analyses was based on ASTM, Stewarte and conventional
methods and the data obtained was subjected to statistical analysis.

Result: recorded 90 plant species across the sampled sites with a prevalence of 6 (65.9%)
species in mangrove, 64 (70.33%) in ecotone and 55(60.44%) in rainforest sites
respectively. Floristic density and life form in mangrove had 121ha, 3 megaphanerophytes
and mesophanerophytes respectively, in ecotone 1660ha™, 9 megaphanerophytes, 24
mesophanerophytes and 39 microphanerophytes and in rainforest 574hat, 13
megaphanerophytes, 18 mesophanerophytes and 24 microphanerophytes. Highest
frequency of occurrence: 1 species (80%), 4 species (100%) and 1 species (80%) in
mangrove, ecotone and rainforest sites, respectively. Highest abundance: mangrove (1
species), ecotone (9 species) and rainforest (3 species). Highest density: mangrove (1
species), ecotone (8 species) and rainforest (3 species). Distribution: greater in ecotone with
contiguous pattern in the order: ecotone>rainforest>mangrove, among which had
dissimilarity in response to significant species diversity difference in relation to significant
difference in edaphic physico-chemical factors of the study sites. The mangrove site had the
most acidic pH, highest salinity, moisture and electrical conductivity while rainforest and
ecotone had highest organic carbon and matter. A significant negative correlation between

EC & pH, and salinity & pH and positive correlation between salinity & EC as well as positive




correlation between pH & OC, pH & OM, OC & OM and negative correlation between EC &
OC, EC & OM were recorded.
Conclusion: This variation determined the presence, growth and abundance of the species

reported in the respective study sites especially in the ecotone.
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1. INTRODUCTION

The Niger Delta rainforest has been described as lowland moist tropical.rainforest
and a complex zone with unique evergreen species diversity [1]. It is the richest, and most
luxuriant of all plant communities occurring in areas of wet tropical climate and less dry
seasons [2]. This unique vegetation type is represented in only.wet and /:or moist forests
based on the amount of rainfall it receives, elevation and varying soil types. The vegetation
forest includes the mangrove forest, fresh water swamp.forest, montane forest and the
tropical rainforest, which consists of trees, mosses, small-stemmed shrubs, lichens, herbs
and ferns in at least four different strata [3]. Tropical rainforest soils are characterized by
heavy leaching and poor nutrients as a result of the,amount of annual rainfall. However,
topsoil is nutrient-rich due to rapid decomposition of:organic matter (leaf litters) as a result of
temperature and rainfall [1].

A mangal — tropical rainforest ecotone as its name implies is a transition zone
sandwiched between and consist of a mangrove and tropical rainforest vegetation with
varying structural diversity=of flora composition. In other words they are heterogeneous
vegetation zones situated between two homogeneous plant communities [4]. To further
expatiate, ecotones can represent a broad transition between different biomes, such as a
slow but steady conversion between forest and grassland or a very narrow and well -defined
terrestrial-aguatic boundary [5]. It is worthy to note that the phytosociological attributes on
both sides:of any'ecotone will be dissimilar to one another. This is due to variability in
vegetation cover based on gradient abiotic factors that may characterize ecotones [5].

Mangal vegetation is a general name for several species of plant which can survive
in saline environments [6]. Such vegetation is mostly represented by the mangroves
consisting of five species found within three endemic families (Combretaceae,
Rhizophoraceae and Avicenniaceae), and the introduced family (Arecaceae) of exotic
species (Nypa fruticans Wurmb) [7,8] and other associated halophyte including Paspalum
vaginatum Sw, Dalbergia ecastaphyllum (L) Taub, Conocarpus erectus Linn., Machaerum
lunatum (Lf.) Ducke and Acrostichum aureum Linn. in the Niger Delta [9]. This is as a result

of its peculiar edapho-environmental gradients characterised by poorly aerated and water




logged mud flat soil types, chikoko soil, six-hourly tidal inundations, acidity, high salinity and
high moisture contents [9,10,11].

Phytosociology, a branch of science deals with plant communities, their composition
and development, and the relationships between the species within them [12].
Phytosociological variation of forest vegetation types could be as a result of gradation in the
continuous interaction of climatic conditions such as temperature, humidity, rainfall patterns
(moisture) [13] and soil types [14]. In essence, the phytosociology of any geographical area
are responses to their abiotic factors which encompasses climatic, edaphic and topographic
factors [15, 16, 17] present in their environment.

Environmental gradient refers to the variation or gradual change among abiotic
factors through space (or time) [18]. Such gradients are responsible:for the difference in
vegetal phytosociology and variations as they visibly express. their ecological impact or
influence [19]. Thus, the absence, presence, distribution and,abundance of plant species in
any environment are dependent on their ability to respond.-and-adapt to variation or changes
in abiotic factors. Physiological characteristics of a species._can be said to determine its
occurrence in an environment with certain gradient levels because some characteristics
favour fast growth in ideal conditions or levels while others in demanding or stressful
conditions. Consequently, not all species-are present in all parts of the world because of
these multiple factors affecting them.

The rationale for this study. ision the basis that every vegetation type in the world
has its uniqueness and peculiarities revealed by the effect of the environmental gradients or
factor. These are the primary determinants of the presence, absence, composition,
abundance or distribution and.diversity of species around the world [19]. However, there is
paucity of information explaining the ecological influences of environmental gradients in the
phytosociology- of:.varying: vegetation types in the Niger Delta. This study is aimed at
analysing the impact of environmental gradients on the phytosociology of mangal-tropical
rainforest ecotone'with the objectives of analysing the phytosociology within and among the
mangal:tropical rainforest ecotone and secondly evaluating the correlative relationship of
some physicochemical parameters of the soil ecosystem to the variance of the vegetation

types in the study sites at Asarama, Andoni.

2. MATERIALS AND METHODS

2.1. Study area, location and site.
Rivers State is one of the thirty-six States, located between longitudes 6°23 E and
7°6E and latitudes 4°18N and 5°45N of the equator (Fig. 1) in parts of the Niger Delta,



Nigeria. The State is geographically bounded to the east by Imo River and Akwa-lbom; the
West by Bayelsa State; the North by Imo State and Abia State and the South by the Atlantic
Ocean [20]. The vegetation zones of Rivers State comprises of the mangrove forest, coastal
barrier islands, fresh water swamp and the tropical rainforest [1]. The area is characterized
by tropical hot monsoon climate due to its latitudinal position associated with heavy rainfall
(2000mm to 2500mm); average temperature (23.00 to 42.60°C) all year round and a relative
humidity between 65% to 96.80% [21, 22]. Its relief is generally lowland with an average
elevation of 20m to 30m above sea level [21, 22, 23, 24,]. The edaphic condition is
characterized by sandy silt, sandy loam or clayey underlain by a section of impervious pan
often leached and alkaline or salty and sometimes acidic in nature as a result:of heavy
rainfall [25]. Rivers state consist of twenty-three (23) local government council including the
study location- Andoni (Fig.1) [26].

Andoni study location with its geographical situate at Latitude 4°3257°N and
Longitude 7°26 47°E is bordered to the North by Khana;.to the West by Bonny; to the East
by Opobo / Nkoro local government council and to the‘south by the Atlantic Ocean. It has 11

towns / communities including Asarama study site (Fig 1.).
2.2. Land Use Ecology/Human Resource Interaction:

The degree of land use ecology and human resource interaction of the sample plots
of the study sites was assessed. through  actual observation of natural and human
disturbances and intrusions using,the Focused Group Discussion (FGD) and Key Informant
Interview (KlI) [26].

2.3. Flora Assessment and Identification

The Braun-Blanguet relieve approach [27] (a systematic randomly stratified line-
transect method). was adopted. Each study site with sampled plot (100m x 35m) taken 10m
away.from the.unity road was measured. Each sampling plot had five (5) sub-sampling units
(20m x 35m),(Fig.2). Thus, giving a total of 15 sub-sampling units in the three sampled plots
of the:study site. The sub-units were based on the vegetation structure of the location due to
the observable environmental gradient of altitude. All the important representative plant
species were identified in the field as much as possible and properly authenticated using
reference books such as Burkill [28,29,30,31, 32] and Floras such as Hutchinson and Dalziel
[33, 34, 35, 36, 37] and Keay [38].
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Fig. 1: Rivers State showing Andoni study location
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Fig. 2: Transect Direction of Sampled Plots of the study site.



2.4. Phytosociological Analysis

The species quantitative analysis as exemplified in the formulas below was based
on the standard phytosociological indices of abundance, frequency of distribution and
density of the species [39, 40, 41]; relative frequency, relative abundance and relative
density [42]; Important Value Index (IV1) [43], species diversity in terms of richness [44]
index and Margalef [45] respectively and evenness or equitability [46] methods; and
similarity and dissimilarity of the sampled plots using Jaccard similarity Index. (Cj) [47].
Species distribution pattern (abundance-frequency ratio) [48]; in accordance with the ‘Rule of
Thumb’ exemplified as Regular (< 0.03), Random (0.03- 0.05) and contiguous:(> 0.05) were
adopted. The Life Form description based on habit and environmental adaptation [49, 50]

were explored.

% Frequency = Number of transects of in which the species occurred x 100
Total number of transect studied 1

Abundance = Total number of individual occurrence of a species in all transect
Total number of transect in which the species occurred

Density = Total number of individuals of a species in all transect x 100
Total number of transect studied 1

Relative frequency = Number of occurrence of the individual species x 100
Number of occurrence of all the species 1

Relative abundance = Abundance occurrence of the species x 100
Abundance occurrence of all the species 1

Relative density = Number of individual of the species x 100
Number of individual of all the species 1

Importance Value Index = RF + RA + RD

Species diversity index (H) = - > pi In pi
Where pi = ny;y (N1 = number of individuals of a species,
N = total number of individuals of all the species)

Species richness (Margalef index): R=S—=1 of sampled plots
Log N
Where (S = Total number of species, N = Total number of individuals)

Species evenness or Equitability Index (Pielou 1969) is calculated as: E = H/ Log.S
Where H’ = diversity index and S = total number of species

Similarity index (Jacccard model)



Ci-_C x100
atb+c 1" where C = number of common species

Dissimilarity = 1 - Ji

2.5. Soil Sample Collection and Analysis

Soil samples were taken at surface or topsoil (0-15cm) and sub-surface levels (15-
30cm) at the 15 sub-sampled plots in each sampled site. The samples were put.in zipper
polybags and labelled according to their respective sampled plots [51]./The /coordinates of
the sampled points were recorded using Garmin etrex GPS 20 model (Table 1). Samples
were air dried, ground and sieved using a 0.5cm mesh or sieve.to:get fine particles and then
transferred to the laboratory for physico-chemical analyses: Soil:pH determination was by
using pH meter (model-H198107) [52]. Soil Conductivity (uS/cm) was determined using
conductivity meter (DDS-307) [53]. Soil Salinity was extrapolated by multiplying conductivity
value by 1.0878 and 0.4665 after dividing such conductivity value by 1000. It can be
deduced mathematically as expressed in the'formula:'Ri= F x 1.0878 x 0.4665; Where R =
Soil salinity value; F= soil conductivity value [54]. Moisture content (%W1) determination was
based on Australian Standard (AS 1289 B1.1) [55]. Organic carbon analysis was based on
Walkley and Black [56] while Organic Matter (OM) was extrapolated by multiplying carbon
value with a constant 1.724. Data analysis was by SAS software [57] used to test the
variance on the soil physico-chemical parameter of all sampled plots of the study site at
0.05% level of significance. PAST software was used to carry out some species indices

among sampled plots of the study site at 0.05% level of significance.

Table 1: GPS Coordinates of sampled point of the sampled sites

Sampled Mangrove Ecotone Rainforest
Plots Coordinates Coordinates Coordinates
Long (E) Lat(N) Long (E) Lat (N) Long (E) Lat (N)
Transect 1  7.46151° 4.52056° 7.46144° 4.52083° 7.46164° 4.52057°
7.46158°  4.52050° 7.46160° 4.52073° 7.46142° 4.52096°
7.46144°  4.52083° 7.46164° 4.52057° 7.46144° 4.52091°
Transect 2 7.46160°  4.52058° 7.46152° 4.52068° 7.46153° 4.52041°
7.46169°  4.52052° 7.46144° 4.52054° 7.46131° 4.52079°
7.46152°  4.52068° 7.46153° 4.52041° 7.46133° 4.52079°
Transect 3 7.46132°  4.52064° 7.46121° 4.52054° 7.46140° 4.52030°
7.46140° 4.52069° 7.46131° 4.52038° 7.46114° 4.52066°
7.46121°  4.52054° 7.46140° 4.52030° 7.46121° 4.52063°
Transect 4  7.46124°  4.52065° 7.46115° 4.52038° 7.46127° 4.52019°
7.46131°  4.52060° 7.46121° 4.52025° 7.46101° 4.52058°




7.46115°  4.52038° 7.46127° 4.52019° 7.46104° 4.52053°
Transect 5 7.46110° 4.52040° 7.46101° 4.52024° 7.46119° 4.52004°
7.46115°  4.52035° 7.46110° 4.52021° 7.46087° 4.52045°
7.46101°  4.52024° 7.46119° 4.52004° 7.46098° 4.52040°

3. RESULTS

3.1. Phytosociological frequency of individual species prevalence

The study has recorded a total representative of 90 plant species (Table:2) though
with variation among sampled sites in which mangrove recorded six species: (6.59%),
ecotone 64 species (70.33%) and rainforest 55 species (60.44%) distributed under 38
families. The three study sites had just one (1) species (Nypa fruticans Wurmb) of the

Arecaceae family in common.

3.2 Floristic composition of species density (ha?) and life form

The mangal study site recorded a total representative of 121 ha® of individual
species distributed under four (4) families (Arecaceae, Rhizophoraceae, Combretaceae,
Avicenniaceae) in both discrete and continuum heterogeneity (Table 3). The most dominant
species was Nypa fruticans Wurmb (Arecaceae) while the least dominant was Rhizophora
mangle Linn. (Rhizophoraceae). The life form structural classification of the study site
recorded three species in three families.as 'mesophanerophytes and three species in two
families as megaphanerophytes and devoid of herbaceous microphanerophytes.

The ecotonal study site had a total representative of 1660 ha™ of individual species
under 30 families (Table 3) distributed in continuum heterogeneity. The most dominant
species were Paspalum vaginatum, Sw and Fimbristylis littoralis Gaud while Ficus
sagittifolia,Warb ex MildBr. Burret Alchornea laxiflora (Benth.) Pax & K. Hoffm. and
Maesobotrya: barteri (Baill) Hutch were the least dominant in species prevalence. The life
form “structural classification of this site recorded nine species as megaphanerophytes
distributed. in:five families dominated by Loganiaceae; 24 species as mesophanerophytes
distributed in 15 families dominated by Euphorbiaceae and Apocynaceae and 39
herbaceous species as microphanerophytes distributed in 18 families dominated by
Cyperaceae family.

The rainforest study site recorded a total representative of 574 ha™ of individual
species under 27 families distributed in continuum heterogeneity (Table 3). The most
dominant species in this study site are Lygodium smithianum, Presl. Anthocliesta nobilis G.

Don. and Tetracera alnifolia Willd. while Nypa fruticans,Wurmb Lannea acida,A. Rich



Acrosticum aureum Linn. and Ficus polita Vahl. were among the least dominant species in
terms of individual number of species. The life form structural classification of the study site
recorded 13 megaphanerophytes distributed in nine families dominated by Loganiaceae; 18
mesophanerophytes under 11 families dominated by Apocynaceae and 24 herbaceous
microphanerophytes under 17 families dominated by Cyperaceae and Arecaceae.

3.3. Phytosociological Composition

i Frequency of occurrence

The result indicates that in the mangrove study site one species (Rhizophora
harizonii Leechman) recorded the highest percentage 80 (23.53%) frequency of occurrence
(Table 4). The ecotone study site recorded four species (Nypa fruticans Wurmb, Anthocleista
liebrechtsiana,De Wild & T Durand Acrostuicum aureum Linn-and:Lygodium microphyllum
(Cav)R. Br) with the highest percentage 100(3.88%) frequency of occurrence (Table 5),
while the rainforest had one species (Anthocleista liebrechtsiana,De Wild & T Durand) with

the highest frequency of 80 (4.30%) occurrence (Table 6).
il. Abundance

Nypa fruticans Wurmb had the" highest abundance of 29 (58%) in mangrove site
(Table 4), while the ecotone recorded. nine (9) species (Fimbristylis littoralis Gaud, Fuirena
ciliaris (L) Roxb, Cyperus sp., Delbergia ecastaphyllum L. Taub, Melastomastrum capitatum
(Vahl) A & R Fernandes, Paspalum vaginatum Sw, Pycreus lanceolata (Linn) Farw, Sabicea
geophiloides Wernhamjy and Selaginella myosurus Alston) with maximum abundance range
values (25 — 75.00) (3.15% - 9.46%) amongst which Selaginella myosurus Alston and
Paspalum vaginatum Sw._had the highest abundance of 75(9.46%) and 58.33(7.36%)
respectively (Table 5). The rainforest study site recorded three species (Heterotis rotundifolia
(Sm) Jacq Fel; Oplismenus burmanii (Retz) P. Beauv, and Lygodium smithianium Presl) of
maximum abundance range of 25.00-30.00 (4.4% - 8.87%) with Heterotis rotundifolia (Sm)
Jacq Fel having the highest abundance of 30 (8.87%) (Table 6).

i Density (ha™)

The mangrove study site, recorded one species (Nypa fruticans Wurmb) with the
highest density of 11.6 (47.93%) ha™ (Table 4). The ecotone recorded eight (8) species
(Crinum jagus (J. Thomps) Dandy, Fimbristylis littoralis Gaud, Delbergia ecastaphyllum L.
Taub , Maesobotrya barteri (Baill) Hutch, Paspalum vaginatum Sw , Sabicea geophiloides ,

Wernham Lygodium microphyllum (Cav)R. Br), and Selaginella myosurus Alston) with a



maximum density range of 15-36 ha™ (4.42% - 9.90%). However, Crinum jagus (J. Thomps)
Dandy and Fimbristylis littolaris Gaud, recorded the highest density values of 36 ha™
(9.90%) respectively which were closely followed by Paspalum vaginatum Sw with density
values of 35 ha' (9.62%) (Table 5). The rainforest recorded only three (3) species with
maximum density range of 7-10 ha™ (6.18% - 8.83%) with Lygodium smithanium Presl
recording the highest density of 10 ha™ (8.83%) (Table 6).

iv. Importance Value Index (IVI)

The Nypa fruticans had the highest Importance Value Index of 117.69 (9.88%)
recorded in mangrove site (Table 4). The ecotone recorded six species (Fimbristylis littoralis
Gaud, Paspalum vaginatum Sw, Pycreus lanceolata(Linn) Farw,. Sabicea geophiloides
Wernham, Lygodium microphyllum(Cav)R. Br),, and Selaginella myosurus Alston) with
maximum Importance Value Index of 10.00 — 19.31(3.79% - 6.66%) with Paspalum
vaginatum Sw having the highest IVI of 19.31 (6.66%) (Table 5). The rainforest had eight
species (Cynotis lanata Benth, Tetracera alnifolia Willd, sAnthocliesta nobilis G. Don.,
Heterotis rotundifolia (Sm) Jacq Fel, Oplismenus burmanii (Retz) P. Beauv, Sabicea
geophiliodes Wernham, Lygodium smithianium Presl;-and Selaginella myosurus Alston) with
maximum [VI ranging from 11.00 — 18.53:(3.94% -6.07%) and Lygodium smithianium Presl
recording the highest VI of 18.53 (6.07%) (Table.6).

V. Species diversity

The margalef index of richness has recorded the least value (3.79) for the mangrove
study site, the ecotone study site with 25.81 and the rainforest study site (24.99).

The highest Shannon Weiner Index of species diversity richness (62.66) and
evenness (80.52) in mangrove habitat was recorded with Nypa fruticans while in ecotone
was Paspalum vaginatum with diversity richness (5.48) and evenness (3.02); and Lygodium
smithianium richness (4.75) and evenness (2.14) in the rainforest study site.

Vi. Distribution pattern

The species distribution pattern in mangrove site recorded 33.33% randomness in
two species (A. germinans (Linn) L. and R. harizonii Leechman) with greater distribution of
contiguous pattern (66.67%) among four species in which Nypa fruticans Wurmb had the
highest (0.73) (Table 4). The ecotone had one species with 1.56% regular distribution
pattern while 9.38% randomness was recorded among six species and 89.06% of
contiguous pattern was recorded among 57 species with Selaginella myosurus Alston having
the highest (3.75) in distribution (Table 5). The rainforest site (Table 6) had 1.82% regular

distribution pattern with one species, 25.46% random pattern with 14 species and 40 species



recording 72.73% contiguous pattern with Heterotis rotundifolia (Sm) Jacq Fel having the

highest (1.50) contiguous pattern of distribution.

Vii. Similarity and dissimilarity index

Using the Bray-Curtis similarity and dissimilarity index, there existed dissimilarity
between the mangrove and ecotone study site with its value (0.02) less than 0.5; dissimilarity
between mangrove and rainforest study sites with value (0.02) less than 0.5 and also
dissimilarity between the ecotone and rainforest study sites with value (0.4) less:than 0.5
(Fig.3). Based on the Jaccard Index the various plant community recorded greater
dissimilarity than similarity among each other. Between the mangrove and:ecotone was a
higher dissimilarity value of 98.57% than similarity (1.48%) and similarly was;the mangrove
and rainforest with 98.38% dissimilarity than 1.61% similarity .index, while the ecotone and

rainforest plant community was 77.27% dissimilarity than 22:73%:similarity.
3.4. Soil Physico-Chemical Analysis

Soil pH

Soil pH across study sites had no_significant (p<0.05) difference at surface level but
the rainforest soil (4.72) was significantly (p<0.05)<higher than the ecotone soil (4.64) which
was slightly higher than the mangrove, soil (4.24) in pH value. At the sub-surface levels, the
pH value in the mangrove soil-(3.40) also‘recorded variation (p<0.05) from the respective
study sites at this level. The rainforest soil (5.24) recorded the highest pH value at this level
though non-significantly. higher (p<0.05) than ecotone soil (4.82) but significantly (p<0.05)
higher than the mangrove, soil (3.40). Generally, the soil pH revealed no significant
difference across.the study:sites at surface and sub-surface soil except at the Mangrove
sub-surface soil (MSS) which was significantly (p<0.05) different from others with the lowest
pH values while the rainforest sub-surface soil (RSS) recorded the highest pH value (Table
7).

Within the study sites, the mangrove soils had its pH value significantly different
(p<0.05) between the surface and sub-surface soils; with the surface soil pH higher than the
sub-surface soil pH while the sub-surface soil recorded a higher pH than the surface soil with
non-significant variation (p<0.05) in the ecotone habitat. Also, the surface soil pH value was

significantly lower (p<0.05) than the sub-surface soil pH in the rainforest study site.

Soil Moisture Content (wt %)



Generally, the moisture content recorded a non-significant difference(p<0.05) at the
surface and sub-surface levels across the three study sites. However, the mangrove
subsurface and rainforest surface soils recorded the highest and lowest moisture content
value respectively (Table 7). At surface levels, the mangrove soil (47.31wt %) had the
highest moisture content value amongst the soils from the other sites at this level while at
Sub-surface levels; the mangrove soil (47.33wt %) recorded the highest moisture content
value amongst the soils from the other sites at this level. At the mangrove study site, its sub-
surface soil recorded a greater moisture content value compared to its surface soil. The
ecotone study site sub-surface soil (47.12wt %) recorded same moisture contentivalue with
its surface soil (47.12wt %). Similarly, at the rainforest study site (41:30wt %):the sub-
surface soil recorded a greater moisture content value than its surface ‘'soil (41.29wt %).

Soil Electrical Conductivity (uS/cm).

The EC value across the study habitats showed a significant:difference (p<0.05) at
the mangrove soil surface level (3753uS/cm) with higher.EC than other sites. Ecotone soil
(1165uS/cm) was non-significantly higher than the rainforest soil (331uS/cm) at the surface
level. Furthermore, the mangrove soil (3085uS/cm) recorded the highest EC value at sub-
surface; non-significantly higher than the ecotone soil (953uS/cm) but significantly different
(p=0.05) from the rainforest soil (312uS/cm). Generally, mangrove surface soil recorded the
highest electrical conductivity value with its value significantly different (p<0.05) from all
other soils of the surface and subsurface levels except the mangrove subsurface soil whose
value was non-significantly lower. (p<0.05) to it (Table 7).

Within study site, the surface E.C value was non-significantly higher (p<0.05) than
that sub-surface at the‘mangrove habitat while the ecotone surface recorded a higher E.C
than its sub-surface soil with no significant difference (p<0.05). The rainforest study site
recorded the lowest EC values at both levels despite a non-significant difference (p<0.05) of

higher surface EC to its subsurface.

Soil Salinity. (ppt)

The mangrove subsurface soil (1.57ppt) recorded the highest salinity level and was
significantly different (p<0.05) from all others at both surface and subsurface levels across
the study sites (Table 7). The salinity level across the study site was non-significantly higher
(p<0.05) in the surface mangrove soil (0.91ppt) than the ecotone soil (0.59ppt); which was
non-significantly higher than the rainforest soil (0.17ppt); which was significantly different
(p<0.05) from the mangrove soil. The mangrove soil (1.57ppt) recorded the highest salinity

level at the subsurface; significantly different (p<0.05) from ecotone (0.48ppt) and rainforest



soils (0.16ppt). Ecotone soil revealed a salinity level that was significantly (p<0.05) higher
than the rainforest soil at the subsurface.

Within study site, the subsurface soil has revealed a higher salinity; significantly
different (p<0.05) from its surface soil at the mangrove study site. The ecotone and rainforest
study sites recorded a higher surface soil salinity level non-significantly different (p<0.05)

from their sub-surface soil.

Soil Organic Carbon (wt %)

Generally, the soil organic carbon content was highest in the rainforest surface soil
(2.38wt %); significantly different (p<0.05) from the mangrove subsurface:soil (1.51wt %)
which recorded the lowest organic carbon content (Table 7). The rainforest soil recorded the
highest organic carbon content at soil surface (2.38wt %) and sub-surface (2.17wt %); non-
significantly higher (p<0.05) than those of the ecotone and mangrove soails.

Within the Study Site; the organic carbon content at the mangrove surface soil
(2.05wt %) was non - significantly higher than the sub-surface soil (1.51wt %). The ecotone
soil organic carbon content at the surface soil (2.07wt %) was slightly lower than that in the
subsurface soil (2.08wt %) while the rainforest surface soil arganic carbon content was non-
significantly higher than its subsurface soil.

Soil Organic Matter (wt %)

Among the studied sites, the rainforest soil recorded the highest organic matter
content at soil surface; non - significantly higher (p<0.05) than the ecotone and mangrove
soils while at Sub-surface Levels;,the rainforest soil was significantly different (p<0.05) and
recorded the highest organic matter- content amongst others. Generally, the soil organic
matter content was highest:in the'rainforest subsurface soil (4.94wt %); significantly different
(p=0.05) from the mangrove subsurface soil (2.61wt %) which recorded the lowest organic
matter content (Table 7).

At the mangrove study site; the organic matter content of the mangrove sub-surface
soil (2.61wt“%) was non - significantly lower than the surface soil (3.56wt %) while the
ecotone (3.60wt %) and rainforest sub-surface (4.94wt %) soils had their organic matter
contents slightly higher than their surface soils (ecotone (3.58wt %) and rainforest (4.12wt
%) content with non-significant difference (p<0.05).

4. DISCUSSION

Plant ecologists are concerned with patterns of species response to environmental
gradients [58; 59] and to adapt a continuum approach to vegetation with its position in the
multi-dimensional environmental space [60]. The three study sites within the study location

have recorded variation in their floristic and species composition. This can be as a result of



the ecological influence of the environmental gradients prevalent in the various habitats. The
three study sites at surface and subsurface soil levels showed some significant differences
in some of their physiochemical properties involving: pH, moisture content, electrical
conductivity, salinity, organic carbon and organic matter. This corroborates several studies
on the differences between surface and sub-surface soils physicochemical properties [5; 26;
61; 62; 63]. Frequency expresses biological abundance and dominance of vegetation
reflecting its species composition and spatial pattern of vegetation in communities;
measuring the uniformity of species distribution [26; 64]. The ecotone study site which is the
transition zone/ site in contrast to the adjoining studied sites recorded the highest.number of
species and total individual number amounting 64 and 1660 (Tables 2 & 3).

The ecotone study site displayed the highest abundance of “Selaginella*myosurus
and Paspalum vaginatum followed by Heterotis rotundifolia of the rainforest study site and
Nypa fruticans of the mangrove study site. The abundance of Nypa fruticans in the
mangrove study site revealed the effect of human activities by the over exploitation of the
mangrove species creating an edge effect by the‘invasion of this palm. Due to the
undiscovered usefulness of this palm by local inhabitants,. it is not harvested for anything
thus leading to an increase in its abundance and with its seeds moving under a high tidal
influence anchoring any substrate. Nypa palm’s.presence in the rainforest and ecotone study
sites can probably be attributed to its.movement,transfer, deposition and anchorage of the
seed at an ebbing tide and high tidal overflow of shoreline in land ward direction especially in
rainy season as reported by the Key Informant.

In the rainforest site, the five families recorded were abundantly rich in species
diversity among the fifty-five species; while the ecotone site had six of the 30 families
abundantly rich in:species among the 64 species and the mangrove study site had one
family (Rhizophoraceae) rich among the four families in species diversity of the six species
present (Table 2). This corroborates several studies on the high heterogeneity and high
speciesidiversity ‘'of ecotones [4; 5; 65; 66]. The family Rhizophoraceae was richest in
species:diversity accounting for three (3) Rhizophora species at the mangrove study site;
thus corroborating the reports of James et al. [7] who reported the Rhizophoraceae family as
having the highest species diversity in the Nigerian mangrove forest. In the ecotone study
site, Cyperaceae the sedge family recorded the highest species diversity richness. This
reveals that the site is under the influence of human disturbance as well as an indicator that
the ecotone is a wetland or moist environment as earlier reported by Kantrud and Newton
[67] and Edwin-Wosu and Anaele [26] on cyperaceae species indicating human interference
in primary vegetation. The family Arecaceae recorded the highest species diversity richness
in the rainforest site (Table 2). Species richness has been extensively reviewed and with its



patterns of richness being determined by the interaction of disturbance with environmental
gradients [68].

In life form classification based on habitat adaptation of species, (as exemplified in
Table 3) the mangrove study site revealed an equal distribution of megaphanerophyte and
mesophanerophyte. This can be attributed to the anatomical and physiological complexities,
structures and adaptations acquired by mangal species due to the nature of their narrow
niche adaptation in the environment devoid of microphanerophytes. The rainforest site
disclosed a moderate distribution of its species adaptation within the ‘mega-‘, ‘meso-‘and
microphanerophyte life forms. Based on recorded field observation, thisgrainforest. site
revealed very thick and dense vegetation with different canopy layers of trees, shrubs, herbs
and epiphytes corroborating Ayanlade [3] who had reported on different canopy stratum in
rainforest vegetation. However, the minimal presence of microphanerophytes indicates the
site was faced with human interference as a result of its landuse ecology [26]. The ecotone
study site revealed the maximum presence and distribution of the microphanerophytes (as
exemplified in Table 3) amongst the other life forms: This site received maximum human
disturbance which corroborates Edwin-Wosu .and Anaele [26] on the presence of
microphanerophytes as an indicator of humantinterference. Individual species diversity and
evenness was observed to be highest in Nypa fruticans in the mangrove study site (Table 4)
followed by Paspalum vaginatum and:Lygodium_smithianium in the ecotone (Table 5) and
rainforest sites (Table 6) respectively, The ,mangrove study site had the least species
composition in density and IVI which is as-a result of its limited number of species due to its
narrow niche adaptation of-extreme.environmental and soil conditions [69]. Based on field
observation and key informant.interview, the nature of the ecotone vegetation, soil condition
and type as well as its position between the mangrove and rainforest rendered it a key hot
spot of incursion=by the local inhabitants as they create pathways to easily assess the
adjacent sites.. This is to enable them engage in their activities involving perinwinkle
harvesting, fishingiand fuel wood harvesting from the mangrove site and gather fuel wood,
food, hunt for bush meat and gather parts of plants for ethno-medicinal purposes and other
value chain resources from the rainforest site and the ecotone.

The usefulness of any similarity index lies in its ability to yield a true ecological
picture of the species diversity richness of a given community. Any index which effects the
realization of such a result is acceptable for the study of ecological diversity of a community.
The Bray-Curtis and Jaccard similarity and dissimilarity index revealed great dissimilarity and
significant difference in the species composition among the three study sites. The Bray-
Curtis dendogram and Jaccard index revealed a close relationship between the rainforest
and the ecotone study sites. This revealed that the ecotone study site recorded more



species in the order: ecotone > rainforest > mangrove site. However, it is known that the
African mangrove vegetation has a limited number of species because they are associated
with a narrow niche adaptation of their environment as habitat specialist and cannot exist
outside of such environment [69; 70]. A positive relationship between plant-species richness
and rainfall (a surrogate for water availability) an environmental variable that accounted for
greatest variance in species richness has been reported [71]. This also corroborates a
positive correlation between mean annual rainfall and woody species [72; 73]. The rainforest
is one of the richest vegetation types around the world [74; 75] and the species found in the
ecotone study site co-existed with a number of mangal associated species that can exist in
wetlands (e.g. Paspalum vaginatum and Acrosticum aureum). It can be deduced. that two
plant community of the same sampling location and with the same season of sampling are
dissimilar than similar, hence there was significant species diversity difference in terms of
richness due to disparity in sampled site, possibly in relation to significant difference in
edaphic physico-chemical factors of the areas under study. Furthermore, the distribution and
abundance of species across the three vegetation types: as largely influenced by these
environmental gradients (edaphic abiotic factors and biotic (anthropogenic factors) has been
revealed.

Mangrove soils are known to be acidic under ebbing tidal condition as well as highly
saline and water-logged under high level tidal inundation which is the reason for the limited
species diversity in this ecosystem. The/least.and most acidic pH, highest salinity, moisture
content and electrical conductivity were recorded in the mangrove at sub-surface and
surface soils. This corroborate the reports of Dublin-Green and Ojanuga [76], Alongi et al.
[77], Reef [78] and Oyebaniji et al. [11] on mangrove soil physicochemical properties. This
was followed by the ecotone;and rainforest respectively at surface and subsurface soils. The
variations encountered in-the soil salinity levels of the different vegetation sites are as a
result of the distance from the coast and tidal inundations [70]. These increase or decrease
in the pH, EC, salinity of the study sites are supported by the significant negative correlation
(r = -0.49; p=<0.05) between EC and pH; and (r = -0.55; p<0.05) between salinity and pH and
strong positive correlation (r = 0.54; p<0.05) of salinity and EC. As EC and salinity increases
the pH decreases while as EC increases the salinity also increases within all the study sites.

The organic carbon and organic matter were highest in the rainforest study sites at
surface and subsurface levels followed by the ecotone and lastly by the mangrove site. This
is supported by the strong positive correlation (r = 0.59; p<0.05) between OC and OM. In an
increasing order, the OC and OM content respectively in the soils are; MSS<MS<ES<ESS<
RS<RSS. This is a result of the large amount of leaf litters that fall and decompose daily in

the rainforest, and ecotone (due to its species composition) and the decaying prop roots and



leaf litters in the mangrove study site. In addition, study sites (rainforest) with higher pH had
greater organic matter and organic carbon compared to sites with lower or more acidic pH.
This is supported by the positive correlation (r = 0.08; p<0.05) between pH and OC and (r =
0.27; p<0.05) between pH and OM and negative correlation (r = -0.41; p<0.05) between EC
and OC and (r = -0.43; p<0.05) between EC and OM and due to the positive correlation (r =
0.54; p=<0.05) of Salinity and EC.

However, the following edaphic environmental gradients including salinity, pH,
electrical conductivity, moisture content, organic matter and organic carbon have played
major roles in the presence or absence as well as the abundance of species in the three
studied sites. Furthermore, the distribution and abundance of species across‘the three
vegetation types present are largely influenced by these environmental gradients (edaphic
abiotic factors and biotic (anthropogenic factors) as revealed in the present study. The
absence of mangrove species in the other study sites reveals ofutheir adaptation and
dependence on increased moisture content and salinity which projects their possession of
complex tissues that make them tolerant to such adverse factors in their environment. Whilst
the complete absences of the rainforest species. in the mangrove study sites also exposed
their intolerance to saline conditions and high electrical conductivity as revealed from the soll
analysis.

The mangal-tropical rainforest ecotone located in Asarama, Andoni is a natural
formed ecotone possessing unique environmental condition, soil type and physiognomy.
This can be attributed to the influence and interaction of the features and properties of the
environmental gradient of-the adjacent vegetation types. However, this ecotone can be
regarded as upland /' wetland ecotone because of its positioning between aquatic
(mangrove) and .upland (rainforest) vegetation types which corroborates a similar
observation by-Burk [79].- It is a transition zone between a high species rich community
(rainforest).and a low species rich community (mangrove) rather than a blending zone
because of the absence of equal number of species from both adjacent sites (55 species
from the rainforest and 6 species from the mangrove sites as exemplified in Table 2).
Furthermore, the tropical-mangal rainforest ecotone recorded 29 ecotonal species that were
found only in the ecotone, mangrove (five species) and rainforest (21 species). A major
feature of the upland/wetland ecotone is the presence of high species diversity and richness
due to its optimum moisture content, soil conditions and microclimate favourable to species
not found on the adjacent sites giving rise to its ecotonal species (e.g. Paspalum vaginatum,
Chrysobalanus icaco and Acrosticum aureum) [80]. Ecotonal species always record the
highest abundance or frequency in an ecotone [81] in which Paspalum vaginatum recorded

the highest in the tropical-mangal rainforest ecotone.



5. CONCLUSION

The mangal-tropical rainforest ecotone located in Asarama, Andoni is a natural
formed ecotone possessing unique environmental condition, soil type and physiognomy.
This can be attributed to the influence and interaction of the features and properties of the
environmental gradient of the adjacent vegetation types. The various study sites has
revealed some variation in their phytosociological and physicochemical assessment.
However, the studied environmental gradients including salinity, pH, electrical conductivity,
moisture content, organic matter and organic carbon have played major. roles in, the
presence or absence of species in the three studied sites; with the ecotone ‘study site
recording the highest values in phytosociological assessment -(Species composition,
abundance, frequency, density, species diversity and richness) and optimum levels in
physicochemical assessment. Furthermore, the distribution” and abundance of species
across the three vegetation types present are largely influenced by these environmental
gradients (edaphic abiotic factors and biotic (anthropogenic. factors) as revealed in the
present study. The absence of mangrove speciesuin the ecotone and rainforest study sites
reveals of their adaptation and dependence on'increased moisture content and salinity which
projects their possession of complex tissues that make them tolerant to such adverse factors
in their environment. Whilst the complete absences of the rainforest species in the mangrove
study sites also exposed their intolerance to saline conditions and high electrical conductivity
as revealed from the soil analysis. Due to the species richness and diversity in the ecotone
and ease of access to the other adjacent zones through it; there’s a lot of ecological demand
placed on it by humans leading.to influencing its species composition and size. However, it
can be deduced that the dissimilarity amongst the study sites can be attributed to the
influence of the environmental gradients which is not limited to just abiotic factors but also
anthropogenic factors. This work is of high significance been the first ecotonal research in
this parts of Niger Delta, Nigeria. This work has buttressed the features of forest ecotones
which is a rare study in ecotonal research. Also it has provided a mini-checklist of the flora
diversity present in the mangrove, rainforest and mangal-tropical rainforest ecotone in
Asarama, Andoni, Rivers State. It will aid in Policies, guidelines, strategies, laws, and
measures put in place by government, ecologist and other environmentalist for conservation
priorities, thus with the aim to prevent the indiscriminate use of vegetation and resources

and intrusions of invasive species.



REFERENCES
[1] 1zah SC. Ecosystem of the Niger Delta region of Nigeria: Potentials and Threats.
Biodiversity International Journal, 2018; 2(4):338-345.

[2] Morley CK. Evolution of Large Normal Faults: Evidence from Seismic Reflection Data.
AAPG Bulletin, 2002; 86, 961-978.

[3] Ayanlade A. Remote Sensing of Environmental Change in the Niger Delta, Nigeria. PhD
thesis submitted to Department of Geography, School of Social Sciences and Public
Policy, King’s College London, University of London. 2014.

[4] Risser PG. The status of the science examining ecotones. BioScience; 1995;.45(1):318-
325.

[5] Jesse M. Encyclopaedia of Environment and Society: Ecotone. SAGE Publications, Inc.
Thousand Oaks. 2007; 535-536.

[6] Spalding M, Kainuma M, Collins L. World Atlas of Mangroves. A collaborative project of
ITTO, ISME, FAO, UNEP-WCMC, UNESCO-MAB,:UNU-INWEH and TNC. London
(UK): Earthscan, London. 319 pp. Data layer from the World Atlas of Mangroves. In
Supplement to: Spalding et al. (2010a). Cambridge (UK): UNEP World Conservation
Monitoring Centre. URL: data.unep-wcme.org/datasets/22,2010.

[7] James GK, Adegoke JO, Saba E, Nwilo P, Akinyede J. Satellite-Based Assessment of
the Extent and Changes in the ‘Mangrove Ecosystem of the Niger Delta. Marine
Geodesy, (2010). 2007; 30(1):249 — 267

[8] James GK. Assessment of Environmental/Change and Its Socio-economic Impacts in the
Mangrove Ecological Zone of the Niger Delta, Nigeria. Doctor of Philosophy,
University of Missouri. 2008.

[9] Oyebanji FF, Adedeji OH, Ibeh L. Sustainable Management of Mangrove Coastal
Environments in the Niger Delta Region of Nigeria: Role of Remote Sensing and
GIS. Proceedings of the Environmental Management Conference 2011, Abeokuta,
Nigeria. 2011.

[10] Adegbehin JO, Nwaigbo LC. Mangrove resources in Nigeria: use and management
perspectives. Nature and Resources, 1990; 26:13-21.

[11] Edwin-Wosu NL, Abdul-Rahman Dirisu, Michael AU. "Wetland Habitat Delineation,
Floristic Ecotype Characterization and Ecosystem Services of Mangal Vegetation in
Asarama-Andoni Marine Ecosystem." American Journal of Marine Science 2020;
8(1): 20-29.

[12] Hornby AS. Oxford Advanced Learners Dictionary: 8th Edition. Oxford University Press.
2010.
[13] Oyenuga VA. Agriculture in Nigeria. Food and Agriculture Organization, 1967; 1:308.

[14] lloeje NP. A new geography of Nigeria. Longman Nigeria PLC. 2001; Pp200.



[15] Fasona MJ, Omojola AS. Climate Change, Human security and Communal Clashes in
Nigeria. Paper presented at an International Workshop on
Human Security and Climate Change, Asker, Norway, 21-23 June, 2005.

[16] Adefioye SA. Analysis of Land Use/Land Cover pattern along the River Benue channel
in Adamawa State, Nigeria. Academic Journal of Interdisciplinary Studies, 2013;
2(5):95-107.

[17] Fashae O, Olusola A, Adedeji A. Geospatial Analysis of Changes in Vegetation Cover
over Nigeria. Bulletin of Physical Geography, 2017; 13(1):17-28.

[18] Wikipedia. https://en.wikipedia.org/wiki/Environmental_Gradient (Retrieval Date:
05/04/2019)
[19] Lugo AE. The emerging era of novel tropical forests. Biotropica 2004; 41:589--591.

[20] Edwin-Wosu NL, Edu EAB. Eco-Taxonomic assessment of plant species regeneration
status in a post-remediated crude oil impacted site in parts of |bibio-1-gil field in lkot-
Ada Udo, lkot-Abasi local government of Akwalbom State; Nigeria. Asian Journal of
Plant Science and Research, 2013; 3(3):14-23.

[21] Kuruk P. Customary Water Laws and Practices: _Nigeria.
http:/www.fao.org/legal/advserv/FOA/UCNCS.Nigeria.pd 2004.

[22] Eludoyin S, Wokocha CC, Ayolagha G. GIS'Assessment of Land Use and Land Cover
Changes in Obio/Akpor L.G.A., Rivers  State, Nigeria. Research Journal of
Environmental and Earth Sciences,2011;:3(4):307-313.

[23] Ayoade JO. Introduction to Climatology for the Tropics. Abiprint and Peak Ltd., Ibadan,
Nigeria. 1988.

[24] Alagoa EJ. The land and people of Rivers State, Central Niger Detta. Onyema Research
publication, Port Harcourt, 'Rivers State Nigeria. 1999.

[25] Egwuogu CC, Okeke HU; Emenike HI, Abayomi TA. Rainwater Quality Assessment in
Obio/Akpor -L.G.A of Rivers State Nigeria. International Journal of Science and
Technology. 2016; 5(8):123-145.

[26] Edwin-Wosu, NL," Anaele J. The Floristic Assessment of Riparian Vegetation
Suceession in Otamiri River Scape due to Dredging Activity at Chokocho Etche,
Rivers State. Nigerian Journal of Botany, 2018, 31(1):119-143.

[2/] Braun-Blanquet J. Plant sociology. McGraw-Hill, New York. Pp539. 1964.

[28] Burkhill HM. Useful Plants of West Tropical Africa, Vol.1 (2ed.). Royal Botanic Garden,
Kew, London, 960p. 1985.

[29] Burkhill HM. Useful Plants of West Tropical Africa, Vol.2 (2ed.). Royal Botanic Garden,
Kew, London, 630p. 1994.

[30] Burkhill HM. Useful Plants of West Tropical Africa, Vol.3 (2ed.). Royal Botanic Garden,
Kew, London, 857p. 1995.



[31] Burkhill HM. Useful Plants of West Tropical Africa, Vol.4 (2ed.). Royal Botanic Garden,
Kew, London, 965p, 1997.

[32] Burkhill HM. Useful Plants of West Tropical Africa, Vol.5 (2ed.). Royal Botanic Garden,
Kew, London, 686p, 2000.

[33] Hutchinson J, Dalziel JM. Flora of West Tropical Africa, Vol. 1. (Part 1.) Crown Agents
for Overseas Government and Administration, Millbank. 295p, 1954.

[34] Hutchinson J, Dalziel JM. Flora of West Tropical Africa, Vol. 1. (Part 2.) Crown Agents
for Overseas Government and Administration, Millbank. 828p, 1958.

[35] Hutchinson J, Dalziel JM. Flora of West Tropical Africa, Vol. 2. Crown Agents for
Overseas Government and Administration, Millbank. 544p, 1963.

[36] Hutchinson J, Dalziel JM. Flora of West Tropical Africa, Vol. 3. (Part 1.) Crown Agents
for Overseas Government and Administration, Millbank. 276p, 1968.

[37] Hutchinson J, Dalziel JM. Flora of West Tropical Africa, Vol. 3. (Part 2.) Crown Agents
for Overseas Government and Administration, Millbank. 295p, 1972.

[38] Keay RWJ. Trees of Nigeria. Clarendon Press, Oxford..1990.

[39] Supriya LD, Yadava PS. Floristic diversity assessment and vegetation analysis of
tropical semievergreen forest of Manipur, North East India. Tropical Ecology, 2006;
47(1): 89-98

[40] Shukla RP. Patterns of plant species diversity across Teral landscape in north-eastern
Uttar Pradesh, India. Tropical Ecology, 2009; 50(1):111-123.

[41] Chikkahuchaiah S, Rayasamudra KS, Badenahally CN. Diversity and composition of
riparian vegetation acrossiforest and agroecosystem landscapes of river Cauvery,
southern India. Tropical Ecology, 2016; 57(2):343-354

[42] Misra R. Ecology Workbook. Oxford and IBH Publishing Co., Pvt Ltd., New Delhi. 244p,
1968.

[43] Shukla SR;*Chandel SP. Plant Ecology.4th Edn. Chandel and Co., New Delhi, pp: 1,
1980.

[44] Shannon CE, Wienner W. The mathematical theory of communications. Urbana, lllinois:
University of lllinois Press. 1963.

[45] Margalef R. Information theory in ecology. General Science, 1958; 3:36-71.

[46] Pielou EC. An Introduction to Mathematical Ecology. Wiley-Interscience, New York.
1969

[47] Magurran AE. Measuring biological diversity. Blackwell Science, Malden, MA, USA.
256p, 2004.

[48] Curtis JT, Cottam G. Plant EcologyWork Book: Laboratory Field Reference
Manual.Burgess Publishing Co., Minnesota, pp: 193.36. 1956.



[49] Kershaw KA. Quantitative and DynamicPlant Ecology. Edward Arnold Ltd., London,
UK.,Pp: 308.30. 1975.

[50] Raunkiaer C. The Life Forms of Plants and Statistical Plant Geography. Oxford
University Press, London. 1934.

[51] Stewart EA, Gimshaw HM, Parkinson JA, Quarmby C. Chemical Analysis of Ecological
Materials. Blacwell Publications, London. 1974.

[52] Smith GN, Smith GGN. Elements of Soil Mechanics. 7th Edition, Black Well Science,
Oxford, 1998.

[53] Rhoades JD. Soluble Salts, Methods of Soil Analysis, Part 2, Chemical and
Microbiological Properties. American Society of Agronomy Monograph No. 9, 2nd
ed. 1982.

[54] ASTM. American Society for Testing and Material Water and Environmental
Technology. American Society for Testing and Materials, Philadephia Publishers.
Volume 1. Pp 233-521. Volume 2, Pp 62-67. 1995.

[55] Australian Standard. Determination of the moisture content of a soil (AS 1289.B1.1):
Oven drying method. 1977.

[56] Walkley A, Black IA. An examination of the" Degtjareff Method for determining soil
organic matter and proposed modification of-the chronic acid titration method. Soll
Science. 1934; 37(1):29 - 38.

[57] Statistical Analysis System (SAS) Institutes SAS/STAT User's Guide. Version 8, 6th
Edition, SAS Institute, Cary, 112: 2002.

[58] Wisheu IC, Keddy PA. Spcies richness-standing crop relationship along four lakeshore
gradients: constraints on the general model. Can. J. Bot. 1989; 67:1609 — 1617.

[59] Moore DRJ, Keddy PA. The:telationship between species richness and standing crop in
wetlands: the importance of scale. Vegetation. 1989; 79:99-106.

[60] Austin MP. The potential contribution of vegetation ecology to biodiversity research.
Ecography 1999; 22: 465-484.

[61] Lovelock CE, Feller IC, McKee KL, Thompson RC. Variation in mangrove forest
structure and sediment characteristics inBocas del Toro, Panama. Caribb. J. Sci.,
2005;/41, 456-464

[62] Joshi H, Ghose M. Forest structure and species distribution along soil salinity and pH
gradient in mangrove swamps of the Sundarabans. Tropical Ecology, 2003;
44(2):197-206.

[63] Livelock CE, Ball MC, Feller IC, Engelbrecht BMJ, Ewe ML. Variation in hydraulic
conductivity of mangroves: influence of species, salinity, and nitrogen and
phosphorus availability. Physiologia Plantarum 2006; 127:457-464.

[64] Owusu S, Yeboah IK, Amponsah JS, Akwasi AA. Variability of soil physicochemical
properties under different land use types in the Guinea savanna zone of northern



Ghana. Cogent Food and Agriculture, 2022; 8(2).
https://doi.org/10.1080/23311932.2022.2105906

[65] Arthur A, Okae-Anti D. Variations in Soil Physico-Chemical Properties as Influenced by
Landuse in a Toposequence. Journal of Geoscience and Environment Protection,
2022; 10, 98-121. doi: 10.4236/gep.2022.108008.

[66] Ivanova Y, Soukhovolsky V. Modeling the Boundaries of Plant Ecotones of Mountain
Ecosystems. Forests, 2016; 271(7):1-12.

[67] Kantrud HA, Newton WE. A test of vegetation-related indicators of wetland quality.in the
prairie pothole region. Journal of Aquatic Ecosystem Health, 1996; 5(3): 177-191

[68] Huston MA. Biological diversity. The coexistence of species on changing landscapes.
Cambridge University Press, Cambridge. 1994.

[69] Asuk S, Offiong E, Michael |, Akpaso E. Species composition and diversity of mangrove
swamp forest in southern Nigeria. International International Journal of Avian &
Wildlife Biology. 2018; 3. 10.15406/ijawb.2018.03.00078.

[70] Ukpong IE. Vegetation and it's relationships to Soil. Nutrient and Salinity in the Calabar
Mangrove Swamps, Nigeria. Salt Marshes, 1997; 1(1): 211-218.

[71] Clark DB, Oberbauer SF, Clark DA, Ryan MG, Dubayah RO. Physical structure and
biological composition of canopies in tropical secondary and old-growth forests.
PLoS One, 2021; 16(8):e0256571. doi: 10.1371/journal.pone.0256571. PMID:
34415978; PMCID: PMC8378680.

[72] Knight RS, Crowe TM, Siegfried WR: Distribution and species richness of trees in
southern Africa. J. S. Afr; Bot. 1982; 48: 455-480

[73] O’ Brien EM. Climati¢c gradients in woody plant species richness: towards an explanation
based on an analysis:of. southern Africa’s woody flora. J. Biogeogr. 1993; 20:181-
198.

[74] Slocombe DS. Jmplementing ecosystem-based management. BioScience, 1993;
43(1):612-622.

[75] Phillips:OL:. Long term environmental changes in tropical forests: increasing tree
turnover, Environmental Conservation, 1996; 23:235-248.

[76] Dublin-Green CO, Ojanuga AG. The problem of acid sulfate soils in brackish water
aquaculture: a preliminary study of the soils of NIOMR/ARAC fish farm, Buguma,
Rivers State, Nigeria. NIOMR Technical Paper No. 45. Pp20. 1988.

[77] Alongi DM, Trott L, Wattayakorn G, Clough BF. Below-ground nitrogen cycling in
relation to net canopy production in mangrove forests of southern Thailand. Marine
Biology, 2002; 140(1):855-864.

[78] Reef R, llka C, Feller C, Lovelock E. Nutrition of mangroves. Tree Physiology, 2010;
30(9):1148-1160.

[79] Crowley BE, Godfrey LR, Hansford JP, Samonds KE. Seeing the forest for the trees—
and the grasses: revisiting the evidence for grazer-maintained grasslands in



Madagascar's Central Highlands. Proc. R. Soc. B.2882020178520201785
http://doi.org/10.1098/rspb.2020.1785. 2021.

[80] Amanda RS. Species Diversity Patterns at Ecotones. A thesis submitted to the faculty of
the University of North Carolina at Chapel Hill in partial fulfillment of the
requirements for the degree of Masters of Science in the Department of Biology.
20009.

[81] Lloyd KM, McQueen AAM, Lee BJ, Wilson RCB, Walker S, Wilson JB. 2000. Evidence
on ecotone concepts from switch, environmental and anthropogenic ecotones.
Journal of Vegetation Science, 2000; 11:903-910.

[82] Yue K, Jarvie S, Senior A, Meerbeek K, Peng Y, Ni X, Wu F, Svenning JC.
Changes in plant diversity and its relationship with productivity in response
to nitrogen addition, warming, and increased rainfall. Oikos. 2020;
10.1111/0ik.07006.

[83] Hu Y, Li X, Guo A, Yue P, Guo X, Lv P, Zhao S, Zuo X. Species diversity is a
strong predictor of ecosystem multifunctionality under altered precipitation in
desert  steppes.  Ecological Indicators. 2022; 137. 108762.
10.1016/j.ecolind.2022.108762.

ecotone
rainforest
mangrove

0.96

0.84

0.72

0.6

0.48

Similarity

0.36

0.24 4

0.124

Fig. 3: Bray-Curtis Similarity Index Dendogram






Table 2: Phytosociological frequency of sampled sites species prevalence in Asarama study sites.

S/IN SPECIES FAMILY MANGROVE ECOTONE RAINFOREST
1. Pteris acantonuera Alston Adiantaceae = + -
2. Crinum jagus (J. Thomps) Dandy Amaryllidaceae - + +
3. Lannea acida A. Rich Anacardiaceae - - +
4 Cleistopholis patens (Benth.) Engl & Diels Annonaceae - - +
5 Rauvolfia caffra Sond. Apocynacea s + +
6 Landolphia ovariensis P. Beauv Apocynaceae - + -
7 Funtumia africana (Benth) Stapf Apocynaceae - + +
8 Voacanga africana Stapf Apocynaceae - + +
9 Hederanthera barteri (Hook F.) Pichan Apocynaceae - + +
10 Rauvolfia vomitoria Afzel. Apocynaceae - - +
11 Alstonia congensis Engl Apocynaceae - - +
12 Elaeis guineensis Jacq. E Arecaceae - + +
13 Podococcus bateri Mann& H. Wendl Arecaceae - + -
14 Nypa fruticans Wurmb Arecaceae + ** + ** +
15 Laccosperma opacum (G. Mann & H. Wendl) Drude - Arecaceae - - +
16 Eramospartha macrocarpa Jacq Arecaceae - + +
17 Podococcus bateri Mann& H. Wendl Arecaceae - - +
18 Laccosperma acutiflora (P. Beauv.) Okize Arecaceae - - +
19 Culcasia scandens P. Beauv Arecaceae - - +
20 Avicenia germinans (L.) L. Avicenniaceae + - -
21 Canarium schweinfurthii Eng. Burseraceae - +
22 Cleome rutidosperma DC. Capparaceae - - +
23 Musanga cecropoides R. Br Cecropiaceae - - +
24 Chrysobalanus icaco (L.) L Chrysobalanaceae - + -
25 Acioa barteri (Hook. F) Engl Chrysobalanaceae - + -
26 Combretum racemosum P. Beauv Combretaceae - + +
27 Conocarpus erectusL. Combretaceae - + -
28 Combretum hispidum_Laws Combretaceae - + +
29 Laguncularia racemosa (L.)C.F. Gaertn Combretaceae + - -
30 Cynotis lanata Benth: Commelinaceae - - +
31 Fimbristylis littoralis Gaud Cyperaceae - + +
32 Fimbristylis ferruginea (L.) Vahl Cyperaceae - + -
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Scleria verrucosa Willd.

Fuirena ciliaris (L.) Roxb.
Rhynchospora corymbosa (L.) Britt
Scleria naumanniana Boeck
Hypolytrum heterophorphum Nelmes

Cyperus sp

Fuirena umbellata Rottb.

Tetracera alnifolia Willd.

Draceana arborea (Willd) Link

Alchornea laxiflora (Benth.)Pax & K. Hoffm
Alchornea cordifolia (Schumach & Thonn.) Mull. Arg.
Maesobotrya dusenii (Pax)Hutch.

Maesobotrya barteri (Baill.) Hutch

Phyllantus sp.

Delbergia ecastaphyllum (L.) Taub

Dalbergia heudelotii Staph.

Machaerum lunatum (Lf.) Ducke

Harungana madasgascariensis Lam ex Poiret
Hyptis lanceolata Poir

Anthocleista liebrechtsiana De Wild & T Durand

Anthocleista nobilis G. Don
Anthocleista vogelii Planch

Anthocleista djalonensis A. Chev
Spigelia anthelmia Linn.

Marattia fraxinea Sm

Heterotis rotundifolia (Sm.) Jacq. Fel
Melastomastrum capitatum-(Vahl) A & R Fernandes
Osbeckia tubulosa Sm.

Ficus sagittifolia Warb. ex MildBr. Burret
Ficus polita Vahl

Ficus sur Forskk

Ficus asperifolia Mig
Syzygium.guineensi(Willd.) DC

Lophira alata Banks ex Gaertn

Barteria nigritana Hook f.

Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Dilleniaceae
Draceanaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Guttiferae
Lamiaceae
Loganiaceae

Loganiaceae
Loganiaceae
Loganiaceae
Loganiaceae
Marrattiaceae
Melastomataceae
Melastomataceae
Melastomataceae
Moraceae
Moraceae
Moraceae
Moraceae
Myrtaceae
Ochnaceae
Passifloraceae

T T T T T S S T S S S S A S T

+ 4+ +



68
69
70
71
72
73
74
75
76

77
78
79
80
81
82
83
84
85
86
87
88
89
90

Smithmania pubescence Soland.

Passiflora foetida L.

Paspalum vaginatum Sw.

Oplismenus burmanii (Retz) P. Beauv
Carpolobia lutea G. Don

Pycreus lanceolata (L.) Farw.

Phymatode scolopendria (Burm. F.) Pic. Serm
Acrostichum aureum L.

Rhizophora racemosa G.Mey

Rhizophora mangle L.

Rhizophora harizonii Leechman
Sabicea geophiloides Wernham
Craterispermum caudatum Hutch.
Nauclea latifolia Sm.

Hellea leadermanii (K. Krause)Verde
Massalaria accuminata (G. Don) Bullock

Manilkara obovata (Sabine & G. Don) J. H. Hemsi

Lygodium smithianium Presl.
Lygodium microphyllum (Cav.) R.Br
Selaginella myosurus Alston
Thelypteris bargiana (Schlect.) Ching
Stachytarpheta cayennesis (Rich)Vahl
Vitex doniana Sweet.

TOTAL No. of Species frequency

Passifloraceae
Passifloraceae
Poaceae
Poaceae
Polygalaceae
Polypodiaceae
Polypodiaceae
Adiantaceae
Rhizophoraceae

Rhizophoraceae
Rhizophoraceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Sapotaceae
Schizaeaceae
Schizaeeceae
Selaginellaceae
Thelypteridaceae
Verbanaceae
Verbenaceae

++ 0+ 4

o+

+

55

Table 3: Floristic Composition of the Sampled Site Species Density (Individual No. of Species).

Note: (+) Presence; (-) Absence

(**): Common species & family in the three study sites



S/No Species Family Life Form Mangrove Ecotone Rainforest
1. Musanga cecropoides R. Br Cecropiaceae Megaphanerophyte - - 3
2. Ficus polita Vahl Moraceae Megaphanerophyte - 3 1
3. Lannea acida A. Rich Anacardiaceae Megaphanerophyte - - 1
4 Cleistopholis patens (Benth.) Engl & Diels Annonaceae Megaphanerophyte - - 2
5 Rauvolfia vomitoria Afzel. Apocynaceae Megaphanerophyte - - 3
6 Alstonia congensis Engl Apocynaceae Megaphanerophyte - - 2
7 Elaeis guineensis Jacq. E Aracaceae Megaphanerophyte - 22 9
8 Canarium schweinfurthii Eng. Burseraceae Megaphanerophyte - 6 3
9 Anthocleista liebrechtsiana De Wild & T Durand  Loganiaceae Megaphanerophyte - 12 7
10 Anthocleista nobilis G. Don Loganiaceae Megaphanerophyte - 18 41**
11 Anthocleista vogelii Planch Loganiaceae Megaphanerophyte - 17 -
12 Anthocleista djalonensis A. Chev Loganiaceae Megaphanerophyte - 4 6
13 Ficus sur Forskk Moraceae Megaphanerophyte - 4 2
14 Lophira alata Banks ex Gaertn Ochnaceae Megaphanerophyte - 2 -
15 Rhizophora racemosa G.Mey Rhizophoraceae Megaphanerophyte 25 - -
16 Rhizophora mangle L. Rhizophoraceae Megaphanerophyte 6 - -
17 Hellea leadermanii (K. Krause)Verde Rubiaceae Megaphanerophyte - - 7
18 Avicenia germinans (L.) L. Avicenniaceae Megaphanerophyte 8 - -
19 Rauvolfia caffra Sond. Apocynaceae Mesophanerophyte - 4 2
20 Funtumia africana (Benth) Stapf Apocynaceae Mesophanerophyte - 7 2
21 Voacanga africana Stapf Apocynaceae Mesophanerophyte - 3 4
22 Hederanthera barteri (Hook F.) Pichan Apocynaceae Mesophanerophyte - 8 5
23 Nypa fruticans Wurmb Arecaceae Mesophanerophyte 58 ** 22 1
24 Laccosperma opacum (G.<Mann & H. Wendl) Arecaceae Mesophanerophyte - - 10
Drude
25 Laccosperma acutiflora (P, Beauv.) Oktze Arecaceae Mesophanerophyte - - 22
26 Chrysobalanus icaco'(L.)'L Chrysobalanaceae  Mesophanerophyte - 43 -
27 Acioa barteri (Hooek. F) Engl Chrysobalanaceae  Mesophanerophyte - 8 -
28 Conocarpus erectusiL. Combretaceae Mesophanerophyte - 13 -



29
30
31
32

33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56

Draceana arborea (Willd) Link

Laguncularia racemosa (L.)C.F. Gaertn
Alchornea laxiflora (Benth.)Pax & K. Hoffm
Alchornea cordifolia (Schumach & Thonn.) Mull.

Arg.

Maesobotrya dusenii (Pax)Hutch.

Maesobotrya barteri (Baill.) Hutch

Machaerum lunatum (Lf.) Ducke

Harungana madasgascariensis Lam ex Poiret
Melastomastrum capitatum (Vahl) A & R

Fernandes

Osbeckia tubulosa Sm.
Ficus sagittifolia Warb. ex MildBr. Burret

Ficus asperifolia Mig

Syzygium guineensi (Willd.) DC
Barteria nigritana Hook f.
Smithmania pubescence Soland.
Carpolobia lutea G. Don
Rhizophora harizonii Leechman
Craterispermum caudatum Hutch.

Nauclea latifolia Sm.

Massularia accuminata (G. Don) Bullock
Manilkara obovata (Sabine & G. Don)J. H.

Hemsi

Stachyarpheta cayennesis (Rich)Vahl
Vitex doniana Sweet.

Culcasia scandens P..Beauv
Oplismenus burmaniii(Retz) P. Beauv
Pteris acantonuera Alston

Crinum jagus (J. Thomps) Dandy
Landolphia ovariensis P. Beauv

Draceanaceae
Combretaceae
Euphorbiaceae
Euphorbiaceae

Euphorbiaceae
Euphorbiaceae
Fabaceae
Guttiferae
Melastomataceae

Melastomataceae
Moraceae
Moraceae
Myrtaceae
Passifloraceae
Passifloraceae
Polygalaceae
Rhizophoraceae
Rubiaceae
Rubiaceae
Rubiaceae
Sapotaceae

Verbanaceae
Verbenaceae
Arecaceae
Poaceae
Adiantaceae
Amaryllidaceae
Apocynaceae

Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte

Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte

Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte
Mesophanerophyte

Mesophanerophyte
Mesophanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte

A wWDN 0 1N
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

Podococcus bateri Mann& H. Wendl
Eramospartha macrocarpa Jacq
Podococcus bateri Mann& H. Wendl
Cleome rutidosperma DC.
Combretum racemosum P. Beauv
Combretum hispidum Laws

Cynotis lanata Benth.

Fimbristylis littoralis Gaud
Fimbristylis ferruginea (L.) Vahl
Scleria verrucosa Willd.

Fuirena ciliaris (L.) Roxb.
Rhynchospora corymbosa (L.) Britt
Scleria naumanniana Boeck
Hypolytrum heterophorphum Nelmes
Cyperus sp

Fuirena umbellata Rottb.

Tetracera alnifolia Willd.

Phyllantus sp.

Delbergia ecastaphyllum (L.) Taub
Dalbergia heudelotii Staph.

Hyptis lanceolata Poir

Spigelia anthelmia Linn.

Marattia fraxinea Sm

Heterotis rotundifolia (Sm.) Jacqg. Fel
Passiflora foetida L.

Paspalum vaginatum Sw.

Pycreus lanceolata (L:) Farw.

Phymatode scolopendria (Burm. F.) Pic. Serm

Acrostichum aureum L.
Sabicea geophiloides Wernham
Lygodium smithuanum Presl.

Aracaceae
Arecaceae
Arecaceae
Capparaceae
Combretaceae
Combretaceae
Commelinaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Dilleniaceae
Euphorbiaceae
Fabaceae
Fabaceae
Lamiaceae
Loganiaceae
Marrattiaceae
Melastomataceae
Passifloraceae
Poaceae
Polypodiaceae
Polypodiaceae
Adiantaceae
Rubiaceae
Schizaeaceae

Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte
Microphanerophyte

180 **
20
34
25
15
62
19
25
10
65

75
20
40

23
15

175 **
75
15
25
80
45

32
51 *%



88 Lygodium microphyllum (Cav.) R.Br Schizaeeceae Microphanerophyte - 85 15
89 Selaginella myosorus Alston Selaginellaceae Microphanerophyte - 75 30
90 Thelypteris bargiana (Schlect.) Ching Thelypteridaceae Microphanerophyte - 20 -
Total No. Of Individual Species (ha™) 121 1660 574
Most Dominant Species B * *
Table 4: Phytosociology of the Mangrove study site
SIN  SPECIES FAMILY Common name Habit 9%F A D %RF %RA %RD VI RIVI SdH’  SdE DmgR A/F Remark
1 Nypa fruticans Wurmb  Arecaceae Nypa palm Shrub 40 29.00 1160 11.76 58,000 4793 11769 39.90 62.66  80.52 3.79 0.73 ++
2 Avicenia germinans (L)  Avicenniaceae White mangrove  Tree 60 2.67 1.60 17.65 5.34 6.61 29.60 9.88 9.83 12.63 3.79 0.05 +++
L.
3 Laguncularia racemosa  Combretaceae Black mangrove  Shrub 60 4.00 2.40 17.65 8.00 9.92 35.57 11.88 12.77  16.41 3.79 0.07 +++
(L) C. F. Gaertn
4 Rhizophora racemosa Rhizophoraceae ~ Red mangrove Tree 60 8.33 5.00 17.65 16.66  20.66  54.97 18.36 23.20 29.82 3.79 0.14 +++
L.
Rhizophora mangle L. Rhizophoraceae  Red mangrove Tree 40 3.00 1.20 11.76 6.00 4.96 22.72 7.59 6.68 8.59 3.79 0.08 ++
6 Rhizophora harizonii Rhizophoraceae ~ Red mangrove Tree 80 3.00 2.40 23.53 6.00 9.92 39.45 13.17 1474  18.95 3.79 0.04 ++++
Leechman
TOTAL

‘ 340 ‘ 50.00 ‘ 24.20 ‘ 100.00 ‘ 100.00 ‘ 100.00 ‘ 300.00 ‘ 100.18 ‘ 129.88 ‘ 166.92 ‘ 3.79

‘ 1.11 ‘

Note: %F = Percentage Frequency. D = Density (No. of individuals ha™). A=Abundance. %RF = Relative Frequency. %RD = Relative Density. %RA
= Relative Abundance. IVl = Importance Value Index. DmgR = Margalef Species Richness. SdH' = Species Diversity. SAE =Species Diversity
Evenness. A/F = Ratio A: F distribution, pattern with the “thumb of rule” designated as follows: Regular (< 0.03), Random (0.03-0.05) and

Contiguous (> 0.05) distributions+-(1-25) Very Scarce,+ (26-29) Scarce, +++ (60-79) Abundant, ++++> (80-a) Very Abundant.

Table 5: Phytosociology of the Ecotone study site



SIN SPECIES FAMILY Common Habit %F A D %R %R %RD VI R SdH’  SdE Dmg AFF Remar
name F A VI R k
1. Pteris acantonuera Alston Adiantaceae Fern Herb 20 8.00 1.60 0.78 1.01 0.43 221 0.76 -0.09 -0.05 2581 040 +
2. Crinum jagus (J. Thomps) Amaryllidaceae Spider lily Herb 40 9.00 36.0 1.55 1.14 0.99 3.66 1.27 0.13 0.07 2581 0.23 ++
Dandy 0
3. Rauvolfia caffra Sond. Apocynacea Quinine tree Shrub 40 2.00 0.80 1.55 0.25 0.22 2.02 0.70 -0.11 -0.06 2581  0.05 ++
4 Landolphia ovariensis P. Apocynaceae Woody vine Shrub 40 1400 5.60 1.55 1.77 154 4.86 1.67 0.36 0.21 2581 0.35 ++
Beauv
5 Funtumia africana (Benth) Apocynaceae False rubber Shrub 20 7.00 140 0.78 0.88 0.39 2,04 0.71 -0.11 -0.06 2581 0.35 +
Stapf plant
6 Voacanga africana Stapf Apocynaceae N/A Shrub 20 3.00 0.60 0.78 0.38 0.17 1.32 0.46 -0.16 -0.09 2581 0.15 +
7 Hederanthera barteri (Hook Apocynaceae N/A Shrub 20 8.00 160 0.78 1.01 0.43 221 0.76 -0.09 -0.05 25.81 0.0 +
F.) Pichan
8 Elaeis guineensis Jacq. E Avracaceae Oilpalm tree Tree 40 11.00 4.40 1.55 1.39 121 4.15 1.43 0.22 0.12 2581 0.28 ++
9 Podococcus bateri Mann& H. Avracaceae N/A Herb 20 5.00 1.00 0.78 0.63 0.28 1.68 0.58 -0.14 -0.08 2581 0.25 +
Wendl
10 Nypa fruticans Wurmb Arecacea Nypa palm Shrub 100 4.40 440 3.88 0.56 121 5.64 1.94 0.56 0.31 2581 0.4 +H+++
11 Eramospartha macrocarpa Arecaceae Palm Herb 20 8.00 160 0.78 1.01 0.43 221 0.76 -0.09 -0.05 25.81 0.40 +
Jacq
12 Canarium schweinfurthii Eng. Burseraceae Incense tree Tree 40 3.00 120 155 0.38 0.33 2.26 0.78 -0.08 -0.05 2581  0.08 ++
13 Chrysobalanus icaco (L.) L Chrysobalanacea  Coco plum Shrub 60 1433 .8.60 233 181 3.36 7.50 2.59 1.07 0.59 2581 0.24 +++
e
14 Acioa barteri (Hook. F) Engl Chrysobalanacea ~ N/A Shrub 20 8.00 160 0.78 1.01 0.43 221 0.76 -0.09 -0.05 2581  0.40 +
e
15 Combretum racemosum P. Combretaceae English Herb 20 4.00 0.80 0.78 0.51 0.22 1.50 0.52 -0.15 -0.08 2581 0.20 +
Beauv Christmas plant
16 Conocarpus erectus L. Combretaceae Button wood Shrub 40 6.50 2.60 1.55 0.82 0.72 3.09 1.06 0.03 0.16 2581 0.16 ++
17 Combretum hispidum Laws Combretaceae N/A Herb 40 10.00  4.00 1.55 1.26 1.10 391 1.35 0.18 0.10 2581 0.25 ++
18 Fimbristylis littoralis Gaud Cyperaceae Sedge Herb 80 4500 36.0 3.10 5.68 9.90 18.67 6.44 521 2.87 2581  0.56 +H++
0
19 Fimbristylis ferruginea (L.) Cyperaceae Sedge Herb 20 20.00 4.00 0.78 2.52 1.10 4.40 1.52 0.28 0.15 25.81 1.00 +
Vahl
20 Scleria verrucosa Willd. Cyperaceae Sedge Bush Herb 80 8.50 6.80 3.10 1.07 1.87 6.04 2.08 0.67 0.37 2581 0.11 ++++
knife
21 Fuirena ciliaris (L.) Roxb. Cyperaceae Sedge Herb 20 25.00 5.00 0.78 3.15 1.37 5.30 1.83 0.48 0.27 25.81 1.25 +
22 Rhynchospora corymbosa (L.) Cyperaceae Sedge Herb 20 1500 3.00 0.78 1.89 0.83 3.49 1.20 0.10 0.05 2581 0.75 +
Britt
23 Scleria naumanniana Boeck Cyperaceae Sedge Bush Herb 80 15.50 124 3.10 0.15 341 6.66 2.30 0.83 0.46 2581 0.9 +H++
knife 0
24 Hypolytrum heterophorphum Cyperaceae Sedge Herb 40 9.50 3.80 1.55 1.20 1.05 3.79 131 0.15 0.08 2581 0.24 ++
Nelmes
25 Cyperus sp Cyperaceae Sedge Herb 20 25.00 5.00 0.78 3.15 1.37 5.30 1.83 0.48 0.27 25.81 1.25 +
26 Fuirena umbellata Rottb. Cyperaceae Sedge Herb 20 10.00 2.00 0.78 1.26 0.54 2.58 0.89 -0.05 -0.03 2581  0.50 +
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29

30

31

32

33

34

35
36

37
38
39
40
41
42

43
44

45

46
47

48
49
50
51

52

Pycreus lanceolatus (Poir.)
C.B.Cl.
Tetracera alnifolia Willd.

Draceana arborea (Willd)
Link

Alchornea laxiflora
(Benth.)Pax & K. Hoffm
Alchornea cordifolia
(Schumach & Thonn.) Mull.
Arg.

Maesobotrya dusenii (Pax)
Hutch.

Maesobotrya barteri (Baill.)
Hutch

Delbergia ecastaphyllum (L.)
Taub

Dalbergia heudelotii Staph.
Machaerum lunatum (Lf.)
Ducke

Harrungana
madasgascariensis Lam ex
Poiret

Hyptis lanceolata Poir
Anthocliesta liebrechtsiana De
Wild & T Durand
Anthocliesta nobilis G. Don
Anthocliesta vogelii Planch
Anthocliesta djalonensis A.
Chev

Marattia fraxinea Sm
Heterotis rotundifolia (Sm.)
Jacq. Fel

Melastomastrum capitatum
(Vahl) A & R Fernandes
Osbeckia tubulosa Sm.
Ficus sagittifolia Warb. ex
MildBr. Burret

Ficus polita Vahl

Ficus sur Forskk

Ficus asperifolia Mig
Syzygium guineensi (Willd.)
DC

Lophira alata Banks ex Gaertn

Cyperaceae
Dilleniaceae
Draceanaceae
Euphorbiaceae

Euphorbiaceae

Euphorbiaceae
Euphorbiaceae
Fabaceae

Fabaceae
Fabaceae

Guttiferae

Labiateceae
Loganiaceae
Loganiaceae
Loganiaceae

Loganiaceae

Marrattiaceae
Melastomataceae

Melastomataceae

Melastomataceae
Moraceae

Moraceae
Moraceae
Moraceae
Myrtaceae

Ochnaceae

Liane cord
Asparagus plant
Christmas bush
Christmas bush
Red Bush
cherry

White Bush
cherry

Coin vine

Coin vine
N/A

Dragon’s blood
Kolocum
Cabbage tree
Cabbage tree
Cabbage tree
Cabbage tree

Fern
Cheek weed

N/A

N/A
Fig tree

Fig: tree
Fig. tree
Fig. tree
Water berry

Iron wood

Herb

Herb

Shrub

Shrub

Shrub

Shrub

Shrub

Herb

Herb
Shrub

Shrub
Herb
Tree
Tree
Tree

Tree

Herb
Herb

Herb

Shrub
Shrub

Shrub
Tree

Shrub
Shrub

Tree

40

80

40

20

40

20

20

60

40
20

20
40
100
60
60
20

40
20

20

20
20

40
40
20
60

20

37.50

16.25

2.50

2.00

5.00

3.00

2.00

25.00

10.00
7.00

16.00
20.00
240
6.00
5.67
4.00

11.50
15.00

25.00

10.00
1.00

1.50
2.00
3.00
8.33

2.00

15.0

13.0

1.00

0.40

2.00
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53 Barteria nigritana Hook f. Passifloraceae N/A Shrub 60 3.00 180 233 0.38 0.50 3.20 1.10 0.05 0.03 2581  0.05 +++
54 Paspalum vaginatum Sw. Poacea Silt grass Herb 60 5833 350 233 7.36 9.62 19.31 °6.66 5.48 3.02 2581  0.97 +++
0
55 Carpolobia lutea G. Don Polygalaceae Poor man’s Shrub 40 6.50 2.60 1.55 0.81 0.72 3.08 1.06 0.03 0.02 2581 0.16 ++
candle stick
56 Phymatode scolopendria Polypodiaceae Fern Herb 40 7.50 2.40 1.55 0.95 0.66 3.16 3.51 1901 1.06 2581 0.9 ++
(Burm. F.) Pic. Serm
57 Acrostichum auruem L. Pteridaceae Aquatic fern Herb 100 5.00 5.00 3.88 0.63 1.37 5.88 2.03 0.62 0.34 2581  0.05 +H+++
58 Sabicea geophiloides Rubiaceae N/A Herb 40 40.00 16.0 1.55 5.05 4.40 1099 3.79 2.20 121 25.81 1.00 ++
Wernham 0
59 Craterispermum caudatum Rubiaceae Chewing Stick Shrub 20 7.00 140 0.78 0.88 0.39 2.04 0.71 -0.11 -0.06 2581 0.35 +
Hutch.
60 Lygodium smithianium Presl. Schizaeaceae Fern Herb 60 1500 9.00 233 1.89 247 6.69 231 0.84 0.46 2581 0.25 +++
61 Lygodium microphyllum (Cav.)  Schizaeeceae Fern Herb 100 17.00 170 3.88 2.15 4.67 1069  3.69 2.09 1.15 2581 0.17 +H+++
R.Br 0
62 Selaginella myosurus Alston Selaginellaceae Fern Herb 20 75.00 150 078 9.46 4.12 1436  4.95 3.44 1.20 2581  3.75 +
0
63 Thelypteris bargiana (Schlect.)  Thelypteridaceae  Fern Herb 40 10.00 400 - 1.55 1.26 1.10 3.91 1.35 0.18 0.10 2581 0.25 ++
Ching
64 Vitex doniana Sweet. Verbenaceae Black plum Shrub 40 6.00 240 155 0.76 0.66 2.97 1.02 0.01 0.06 2581 0.15 ++
TOTAL 2580 792.7 363. 1001 99.21 91.83 289.9 1024 32.02 1757 2581 25.56
1 8 5 6 3
Note: %F = Percentage Frequency. D = Density (No. of individuals ha™). A=Abundance. %RF = Relative Frequency. %RD = Relative Density.
%RA = Relative Abundance. IVl = Importance Value Index. DmgR = Margalef Species Richness. SdH’ = Species Diversity. SAE =Species
Diversity Evenness. A/F = Ratio A: F distribution pattern‘with the “thumb of rule” designated as follows: Regular (< 0.03), Random (0.03-0.05)
and Contiguous (> 0.05) distribution. + (1-25) Very:Scarce,+ (26-29) Scarce, +++ (60-79) Abundant, ++++> (80-a) Very Abundant, NA — Not
Available.
Table 6: Phytosociology of the Rainforest study site
SIN  SPECIES FAMILY Common Habit %F A D %RF %RA %RD IVI R SdH’ SdE Dmg A:F Rem
name VI R ark
1. Crinum jagus (J. Thomps) Dandy Amaryllidaceae. Spider lily Herb 40 8.00 3.20 2.15 2.37 2.83 7.34 2.40 0.92 053 2499 020 ++
2. Lannea acida A. Rich Anacardiaceae N/A Tree 20 1.00 0.20 1.08 0.30 0.18 1.55 0.51 -0.15 - 2499 005 +
0.09
3. Cleistopholis patens (Benth.) Engl & Annonaceae Salt &oil plant Tree 20 2.00 0.40 1.08 0.59 0.35 2.03 0.66 -0.12 - 2499 010 +
Diels 0.07
4 Hederanthera barteri (Hook F.) Pichan Apogynaceae N/A Shrub 20 5.00 1.00 1.08 1.48 0.88 4.44 1.45 0.24 0.14 2499 025 +
5 Rauvolfia vomitoria Afzel. Apocynaceae Swizzle stick Shrub 40 1.50 0.60 2.15 0.44 0.53 3.12 1.02 0.01 0.01 2499 004 ++
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34 Anthocliesta djalonensis A. Chev Loganiaceae Cabbage tree Tree 40 3.00 1.20 2.15 0.89 1.06 4.10 1.34 0.17 0.10 2499 0.08 ++
35 Anthocliesta nobilis G. Don Loganiaceae Cabbage tree Tree 60 13.67 8.20 3.23 4.04 7.24 1452 148 0.25 0.15 2499 023 +++
36 Spigelia anthelmia Linn. Loganiaceae Worm plant Herb 20 8.00 1.60 1.08 2.37 1.41 4.86 1.59 0.32 0.19 2499 040 +
37 Melastomastrum capitatum (Vahl) A & Melastomatacea ~ N/A Herb 20 8.00 1.60 1.08 2.37 141 4.86 1.59 0.32 0.19 2499 040 +
R Fernandes e
38 Heterotis rotundifolia (Sm.) Jacq. Fel Melastomatacea ~ Cheek weed Herb 20 30.00 6.00 1.08 8.87 5.30 1525  4.99 3.49 201 2499 150 +
e
39 Ficus sur Forskk Moraceae Fig. tree Tree 40 1.00 0.40 2.15 0.30 0.35 2.80 0.92 -0.04 - 2499  0.03 ++
0.02
40 Ficus polita Vahl Moraceae Fig. tree Shrub 20 1.00 0.20 1.08 0.30 0.18 2.63 0.86 -0.06 - 2499 005 +
0.03
41 Smithmania pubescence Soland. Passifloraceae N/A Shrub 20 2.00 0.40 1.08 0.59 0.35 2.03 0.66 -0.12 0.85 2499 010 +
42 Passiflora foetida L. Passifloraceae Goat scented Herb 40 3.00 1.20 215 0.89 1.06 4.10 1.34 0.17 0.10 2499 0.08 ++
flower
43 Oplismenus burmanii (Retz) P. Beauv Poaceae Grass Herb 20 25.00 5.00 1.08 7.39 4.42 1289 4.22 2.64 152 2499 125 +
44 Carpolobia lutea G. Don Polygalaceae Poor man’s Shrub 60 1.67 1.00 593 0.49 0.88 461 151 0.27 0.16 2499 0.03 +++
candle stick
45 Acrostichum auruem L. Adiantaceae Aquatic fern Herb 20 1.00 0.20 1.08 0.30 0.18 1.55 0.51 -0.15 - 2499 005 +
0.09
46 Nauclea latifolia Sm. Rubiaceae West African Shrub 20 2.00 0.40 1.08 0.59 0.35 2.03 0.66 -0.12 - 2499 010 +
box wood 0.07
47 Hellea leadermanii (K. Krause)Verde Rubiaceae Abura Tree 20 7.00 1.40 1.08 2.07 1.24 4.39 1.44 0.23 013 2499 035 +
48 Sabicea geophiliodes Wernham. Rubiaceae N/A Herb 60 10.67  6.40 3.23 3.16 5.65 1204 394 2.35 0.16 2499 0.18 +++
49 Mussularia accuminata (G. Don) Rubiaceae Mouth cleaner Herb 20 3.00 0.60 1.08 0.89 0.53 2.50 0.82 -0.07 - 2499 015 +
Bullock 0.02
50 Manilkara obovata (Sabine & G. Don) J.  Sapotaceae African pear Shrub 40 2.00 0.80 2.15 0.59 0.71 3.45 1.13 0.06 0.03 2499 005 ++
H. Hemsi
51 Lygodium smithuanum Presl. Schizaeaceae Fern Herb 40 25,50 10.00 2.15 7.54 8.83 1853  6.07 4.75 274 2499 064 ++
52 Lygodium microphyllum (Cav.) R.Br Schizaeceae Fern Herb 20 15.00 3.00 1.08 4.44 2.65 8.17 2.67 1.14 0.66 2499 075 +
53 Selaginella myosorus Alston Selaginellaceae Fern Herb 40 15.00  6.00 2.15 4.44 5.30 11.89  3.89 2.30 133 2499 038 ++
54 Stachyarpheta cayennesis (Rich)Vahl Verbanaceae Brazilian tea Shrub 40 2.50 1.00 2.15 0.74 0.83 3.77 1.24 0.11 0.07 2499 006 ++
55 Vitex doniana Sweet. Verbenaceae Black plum Shrub 40 2.50 1.00 2.15 0.74 0.83 3.77 1.24 0.11 0.07 2499 006 ++
TOTAL 1860 3380 1132 1001 100.08  99.88 3054 96.73 3266 189 2499 120
9 5 7 9 2

Note: %F = Percentage Frequency..D = Density (No. of individuals ha™). A=Abundance. %RF = Relative Frequency. %RD = Relative Density.
%RA = Relative Abundance. VI = Importance Value Index. DmgR = Margalef Species Richness. SdH’ = Species Diversity. SAE =Species
Diversity Evenness. A/F = Ratigo A: F distribution pattern with the “thumb of rule” designated as follows: Regular (< 0.03), Random (0.03-0.05)
and Contiguous (> 0.05) distribution..+ (1-25) Very Scarce,+ (26-29) Scarce, +++ (60-79) Abundant, ++++> (80-a) Very Abundant, NA — Not

Available.



Table 7: Soil Physico-Chemical Properties of the sampled sites in Asarama Study Sites

Soil Levels Sampled Site Physico-Chemical Properties
pH MC (Wt %)  EC (uS/cm) Salinity(ppt)  OC (Wt %) OM (Wt %)
Surface Mangrove (MS) 4.24° 47.31° 3753° 0.91° 2.05% 3.56™
Ecotone (ES) 4.64™ 47.12° 1165 0.59> 2.07* 3.58"
Rainforest (RS) 4.72% 41.29° 331° 047° 2.38" 4.12%
Subsurface  Mangrove (MSS) 3.40° 47.33° 3085™ 1.57% 1.51° 2.61°
Ecotone (ESS) 4.82° 47.12° 953" 0.48" 2.08% 3.60%
Rainforest (RSS) 5.24% 41.30% 312° 0.16° 2.17% 4.94°
Mean 451 45.24 1599.82 0.65 2.04 3.73
LSD 0.83 9.34 2133 0.57 0.75 1.60
(P<0.05)
(df=24)

Note: MS = Mangrove Surface, MSS = Mangrove Subsurface, ES = Ecotone Surface, ESS = Ecotone Subsurface,
RS = Rainforest Surface, RSS = Rainforest Subsurface; MC = Moisture Content; EC = Electrical Conductivity;
OC = Organic carbon; OM = Organic matter.

Table 8: Pearson Correlation‘ef Physico-Chemical Properties of the sampled sites in Asarama Study Sites

pH MC (Wt %) EC (uS/cm)  Salinity (ppt) OC (Wt %) OM (Wt %)
pH 1.00
MC (Wt %) -0.49 1.00
EC (uS/cm) 0.08 -0.41 1.00
Salinity (ppt) 0.27 -0.43 0.59 1.00
OC (Wt %) -0.55 0.54 -0.27 -0.35 1.00

OM. (Wt %) -0.09 0.16 -0.27 -0.15 0.18 1.00







