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ARTICLE DETAILS ABSTRACT

This study investigated the distributional patterns of species in response to salinity gradients. The vegetation was
systematically sampled using a quadrat of 50 x 10 m. Vegetation variables were measured. At depths of 0 - 15 and
15 - 30 cm, sediment samples were dug and analyzed using standard methods. Fourteen species were encountered.
Rhizophora mangle and Mytragyna ciliata had highest and least density values of 6664+687.16 and 3.00+0.42 st/ha.
The most frequent species were Rhizophora mangle and Nypa fruticans (100 %). Rhizophora mangle and Mytragyna
were tallest (12.45+1.20 m) and shortest species (3.11+0.24 m). Elaeis guineensis and Alchornea cordifolia had the
largest (1.79+0.05 m2/ha) and least (0.008+0.0002 m?/ha) basal area values. Highest crown cover value was
recorded by Rhizophora mangle (9.14+0.08 m2/ha) while by Alchornea cordifolia had the least value (0.04+0.001
m?/ha). Gradient analysis revealed that Ipomoea involucrata, Paspalum vaginatum, Dracaena mannii,
Piptadeniastrum africanum, Elaeis guineensis, Staudtia stipitata, Alchornea cordifolia, Terminalia superba and
Mpytragyna ciliata belonged to ecological group 1 with ecological optima of 8.14, respectively. Acrostichum aureum
(ecological optimum of 29.32), Avicennia africana (ecological optima of 19.56 and 30.12) and Phoenix reclinata
(ecological optima of 8.14 and 29.32) belonged to ecological group 4 while Nypa fruticans (ecological optima of 8.14
and 29.32) and Rhizophora mangle (ecological optima of 19.56 and 30.12) belonged to ecological group 0. This study
provides information on species adaptation and performance in relation to environmental stress and will form the
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basis for the future and effective management of this ecosystems.
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1. INTRODUCTION

Mangroves are plants occurring in tropical and sub-tropical coastal
environments and they consist of species with good adaptations to
intertidal conditions. They are unique in characteristics and are very
productive. Their productivity lies in the fact that they provide diverse
ecological and economic benefits in the environments such as reduction in
greenhouse gases, screening the Solar UV-B Radiation, trapping sediment,
trapping and recycling of nutrients, provision of fishery and forestry
products like fishes, crabs, mollusks, crabs, firewood, timber, charcoal and
honey. However, the growth and distribution of such species are strongly
controlled and influenced by a constellation of factors such as salinity, tidal
flushing, geographical latitude, freshwater runoff, rainfall,
erosion/sedimentation rates, soil quality and nutrient inputs [1]. Of all
these factors, salinity tends to be very dominant and most influential in
this ecosystem. Salinity as an ecological variable tends to influence the
growth, zonation and distribution of mangroves. As a result of regular sea
tidal flushing and inundations, the mangrove soil becomes highly saline
and these obviously affect the zonation and growth patterns of mangroves.
In such scenarios, what defines the survival and distribution of the plant
species is their adaptation and salt tolerance abilities to salinity. However,
disparities in species composition, growth and distribution as a function
of salinity gradient are clearly visible in mangrove forests. Diversity in
mangroves is quite dynamic and their distribution is uneven due to the
various adaptation levels of species to pedological and hydrological
conditions. Plant species in this ecosystem tend to occupy different
ecological niches. Some species are found at the peripheries where salinity
is less, while others tend to occupy and dominate niches with high salinity
levels. This is clearly evidenced in the findings of some scholars. For
instance, [2] in their studies reported that at a salinity level of 30 %, the
seedlings of Rhizophora mucronata thrive better while R. apiculata thrive

best at salinity level of 15 %. In consonance to this, [3] reported that
Sonneratia alba perform best between salinity range of 2 % and 18 %
while its associate, Sonneratia lanceolata can only withstand a 2 % salinity
level. [4] also reported that Avicennia marina due to its high tolerance to
salinity inhabit a wide range of intertidal habitats. [5] who studied the
growth and performance of seedlings of seven species in response to two
contrasting salinity regimes, low (i.e., 3-5) and medium (i.e., 25-27) of true
mangroves of Sri Lanka observed that interaction between species and
salinity varied among species. These variations in terms of tolerance to
salinity have however resulted in floristic dynamics in this ecosystem.
Furthermore, the intrinsic abilities of these species to survive harsh
environmental conditions (wind action, tidal flushing and salinity) makes
this ecosystem very critical for conservation.

Despite this dynamism among species in mangroves, the quantitative
effects of abiotic factors, biotic interactions and performance of species are
still far from being incorporated into ecological theory. Akwa Ibom is one
of the states in the Niger Delta blessed with rich patches of wetland
ecosystems of diverse types (fresh water and mangrove wetlands). Most
of the species found in these ecosystems are facing serious threats such as
salinity stress, intense anthropogenic like lumbering and deforestation. In
recent years, studies on wetlands in this region have bordered mainly on
freshwater types with fewer scientific literatures on the mangrove types.
Also, the little information available on mangrove wetlands are focally on
community structure of the forest without reference to the distributional
patterns, performance and adaptation of each mangrove species to
complex environmental factors such as salinity. Due to the dearth in
literature in this regard, this paper seeks to investigate the intrinsic
performance and distribution of species in mangroves in order to
delineate their respective niche preference and adaptation to salinity
gradients.
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2. MATERIALS AND METHOD
2.1 Study Area

This study was undertaken in a mangrove swamp of Okorombokho
community in Eastern Obolo Local Government Area of Akwa Ibom State
(Figure 1). The mangrove is located in the Niger Delta fringe between Imo
and Qua Iboe Rivers estuaries and lies between latitudes 4° 33’ and 4° 50’
N and longitudes 7° 45’ and 7° 55’ E with an altitude of about 650 m above
sea level. The climate of the area is tropical with distinct rainy (April to
October) and dry seasons (October to May) with a high annual rainfall
averaging about 2500 mm [6]. The area is characterized by an extensive
mangrove swamp with inter-tidal mud flats influenced by the semidiurnal
tidal regime of the estuary. Fishing and farming are the main economic
activities in this study area. Oil palm (Elaeis guineensis) and coconut palm
(Cocus nucifera) are also widely distributed in the surrounding villages.
The area is also an oil-producing area with several oil exploration wells.
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Figure 1: Map of the study area
2.2 Vegetation and Soil Sampling

In this study, the vegetation was sampled systematically using a quadrat
of 50 x 10 m. The measured vegetation parameters were frequency, height,
density, basal area, and crown cover. Using a soil corer in each of the
quadrats, sediment samples were obtained at two depths; 0-15cm and 15-
30 cm. The soil samples were collected from seven (7) different stations.
Stations I to VII were located at distances of 50 m, 500 m, 650 m, 800 m,
1100 m, 1600 m and 2100 m from the coast. These were stored in labeled
Ziploc bags and taken to the laboratory for physicochemical analyses.

2.3 Quantitative Determination of Vegetation Parameters
2.3.1 Height

The heights of the woody plant species were measured using a Haga
altimeter. For each of the woody plant height, the Haga altimeter was thus
used: the reading was taken 15 m away from the base of the woody plant
from where the crown was sighted through the eye piece of the altimeter
and the upper reading taken. The base of the woody plant was similarly
sited and the lower altimeter readings taken. The height of each species
was calculated using the relation:

Height (m) = Algebraic sum of the reading of the top and bottom of each
plant x horizontal distance from observer to each species divided by scale
factor used on the altimeter.

2.3.2 Basal Area

This was calculated using the formula:
CZ

Basal Area = —
410

Where 41t =4 x 3.142 = 12.568

C = girth size of the species at breast height

2.3.3 Crown Cover

The crown cover of woody plant species was determined by the crown
cover diameter method [7].

2.3.4 Frequency

The frequency of each species occurrence was calculated thus:

Number of occupied quadrat for a species
1% q P x 100

Frequency =
a y Total number of quadrats thrown

2.3.5 Density

The density of individual species was measured using the methods as
outlined by [8].

2.4 Analysis of Soil Samples

The soil samples were air-dried, ground using a mortar and pestle and
passed through a 2 mm sieve before the determination of the soil
physicochemical variables. The salinity of the soil was determined from
electrical conductivity in soil-water samples by means of a conductivity
meter.

2.5 Statistical Data Analysis

Mean and standard errors of triplicates were computed using Statistical
Package for Social Sciences (SPSS 20.0). Direct gradient analysis using the
method of [9] was carried out to relate species distribution along salinity
gradient. From the result obtained for the gradient analysis, species were
categorized into the following 6 groups as proposed by [9]:

e Species which dominate and occur almost exclusively under the most
nearly limiting conditions of the factor.

e Species of similar occurrence but with wider amplitude than those of
group 1.

e Species which are especially frequent near the mid-point along the
factor gradient.

e Species which dominate on the gradient where the factor being
considered is in plentiful supply.

e Species which occur almost exclusively at the highest values of the
factor being considered.

e Species which are indifferent to the factor and have a very wide
amplitude.

3. RESULTS
3.1 Floristic Composition of the Mangrove Swamp

Table 1 shows the mean floristic compendium of the mangrove. A total of
14 plant species were found in this mangrove belonging to 12 families.
With regards to the density of species, Rhizophora mangle dominated with
mean value of (6664+687.16 st/ha) while Mytragyna ciliata had the least
density value (3.00+0.42 st/ha). Rhizophora mangle and Nypa fruticans
had the highest frequency values (100 %) while the least values were
associated with species such as Ipomoea involucrata (14.29 %), Staudtia
stipitata (14.29 %), Piptadeniastrum africanum (14.29 %), Alchornea
cordifolia (14.29 %), Terminalia superba (14.29 %) and Mytragyna ciliata
(14.29 %). The tallest species was Rhizophora mangle (12.45+1.20 m)
while the shortest species was Mytragyna ciliata (3.11+0.24 m). Elaeis
guineensis and Alchornea cordifolia had the largest (1.79+0.05 m?/ha) and
least (0.008+0.0002 m?/ha) basal area values, respectively. Highest crown
cover value was recorded by Rhizophora mangle (9.14+0.08 m?/ha) while
the least was recorded by Alchornea cordifolia (0.04+0.001 m2/ha).

Table 2 shows the individual density of species occurring at varying
distances from the coast spatially (I -VII). Nypa fructicans and Rhizophora
mangle occurred in all the seven sampled stations, Paspalum vaginatum
occurred in four stations (IV, V, VI and VII), Phoenix reclinata occurred in
three of the stations (Stations V, VI and VII), Elaeis guineensis and
Dracaena mannii occurred in two stations (VI and VII) while species such
as Ipomoea involucrata Staudtia stipitata, Piptadeniastrum africanum,
Alchornea cordifolia, Terminalia superba and Mytragyna ciliata occurred in
only one station (VII).
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Table 1: Mean (+S.E) Floristic Composition of the Wetland

. . Density Frequency . Basal Area Crown Cover
Plant Species Family (Stems/ha) (%) Height (m) (m?/ha) (m2/ha)
Nypa fruticans Wurmb. Arecaceae 3600+109.03 100 4.51+0.58 0.21+0.05 3.23+0.14
Rhizophora mangle L. Rhizophoraceae 6664+687.16 100 12.45+1.20 0.92+0.05 9.14+0.08
Acrostichum aureus L. Pteridaceae 2148.6x303.05 71.43 4.12+0.54 - -
Avicennia africana P. Beau Avicenniaceae 3143.14+436.53 85.71 5.02+0.85 0.18+0.02 0.48+0.001
Ipomoea involucrata P. Beauv. Convolucaceae 78.00+ 10.36 14.29 - - -
Paspalum vaginatum Sw. Poaceae 1693.75%£89.93 57.14 - - -
Elaeis guineensis Jacq. Arecaceae 38.50+6.50 14.29 8.50+ 0.5 1.79+0.05 4.27+0.58
Staudtia stipitata Warb. Myristicaceae 32.00+6.02 14.29 7.20+0.99 0.8+0.04 2.69+0.41
Dracaena mannii (Willd.) Link 18.50+6.50 28.57 10.11+0.83 0.11+0.04 5.07+0.76
Piptadeniastrum africanum (Hook —p .o 15.00+5.98 14.29 8.05+0.72 0.42£0.03 6.1240.05
f.) Brenan.
Alchornea cordifolia (Schum, & Euphorbiaceae 60.00 13.21 14.29 3.33£0.88 0.008+0.000 0.04£0.001
Thonn.) Mull. Arg
Terminalia superba Engl. & Diels Combretaceae 9.00+ 2.35 14.29 8.02+£1.05 1.05+0.15 5.65+0.85
Ir‘gfg‘;‘z)y na ciliata (Aubrev and Rubiaceae 3.00£0.42 14.29 3.11£0.24 0.82+0.04 2.10£0.26
Phoenix reclinata Jacq Arecaceae 48.00+£3.79 42.86 - - -

Table 2: Density (stems/ha) of Plant species at different stations of the Wetland

Stations (Distance from the coast m)

Plant Species 1(50 m) 11 (500 m) III (650 m) ?;00 m) V(1100 m) VI(1600m) VII (2100 m)
Nypa fruticans 6500 6240 6400 4100 1150 560 250
Rhizophora mangle 8650 8250 8365 6200 6362 4321 4500
Acrostichum aureum 1650 2864 2915 1604 1710 - -
Avicennia africana 5360 4124 4254 3136 3081 2047 -
Ipomoea involucrata - - - - - - 78
Paspalum vaginatum - - - 1462 1856 1643 1814
Elaeis guineensis - - - - - 32 45
Staudtia stipitata - - - - - - 32
Dracaena mannii - - - - - 12 25
Piptadeniastrum africanum - - - - - - 15
Alchornea cordifolia - - - - - - 60
Terminalia superba - - - - - - 9
Mytragyna ciliata - - - - - - 3
Phoenix reclinata - - - - 54 41 49

3.2 Spatial Variations of Salinity in the Estuary

Table 3 shows the mean spatial variations of salinity in the mangrove. Salinity values ranged between 8.14+1.00 ppt (station VII) and 30.12+ 4.36 ppt
(station I). Graphically, this is well represented in Figure 2.

Table 3: Mean (+ S.E) Spatial Variations of Salinity in the Estuary

Stations
Parameter I 11 111 v \Y VI VII
Salinity (ppt) 30.12+ 4.36 27.45+4.01 29.32+4.15 19.56+2.47 19.10+2.12 12.02+1.86 8.14+1.00

+ = Standard error

3.3 Species Distribution and Ecological Group Classification
Nypa fruticans

The modalities of the species on soil salinity gradients are presented in - "

Figures 2 - 15. Species such as Ipomoea involucrata, Paspalum vaginatum, Ecological optimum =

Dracaena mannii, Piptadeniastrum africanum, Elaeis guineensis, Staudtia ¥ 8.14,2932

stipitata, Alchornea cordifolia, Terminalia superba and Mytragyna ciliata Croup ¢ (rimodal ;

belonged to ecological group 1 with ecological optimum of 8.14,

respectively. Acrostichum aureum (ecological optimum of 29.32),

Avicennia africana (ecological optima of 19.56 and 30.12) and Phoenix

reclinata (ecological optima of 8.14 and 29.32) belonged to ecological 3

group 4 while Nypa fruticans (ecological optima of 8.14 and 29.32) and

Rhizophora mangle (ecological optima of 19.56 and 30.12) belonged to

ecological group 0.
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Figure 2: Performance of Nypa fruticans along salinity gradient
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Figure 3: Performance of Rhizophora mangle along salinity gradient
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Figure 4: Performance of Acrostichum aureum along salinity gradient
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Figure 5: Performance of Avicennia Africana along salinity gradient
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Figure 6: Performance of [pomoea involucrata along salinity gradient
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Figure 7: Performance of Paspalum vaginatum along salinity gradient

Elaeis guineensis

Ecological optimum =
8.14
Group 1

Density

] 5

i 30

n
Salinity (ppt)
Figure 8: Performance of Elaeis guineensis along salinity gradient
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Figure 9: Performance of Staudtia stipitata along salinity gradient
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Figure 10: Performance of Dracaena mannii along salinity
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Figure 11: Performance of Piptadeniastrum africanum along salinity
gradient
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Figure 12: Performance of Aichornea cordifolia along salinity gradient

Terminalia superba

Ecological optimum = 8,14
Group 1

Density

05

00

] 5

2
Salinity (ppt)

Figure 13: Performance of Terminalia superba along salinity gradient
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Figure 14: Performance of Mytragyna ciliate along salinity gradient
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Figure 15: Performance of Phoenix reclinata along salinity gradient
4. DISCUSSION

This ecosystem revealed a mixed compendium of core mangrove and
strand species occupying different ecological niches. A total number of 14
flora species were encountered in this mangrove. This number is high
when compared to the 10 species reported by [10] while working in
Sundarbans mangrove swamps in India. However, this value is pretty low
in comparison with the 15 species reported by [11] in mangrove swamps
of Southeastern Nigeria. These variations in species composition may be
attributed to various factors ranging from the inherent abilities of species
to adapt to prevailing environmental conditions (tidal inundations and
salinity regimes) in mangrove, anthropogenic pressures and selective
exploitation of species with high economic values. Variations were
observed in the floristic attributes of the mangroves ranging from density,
frequency, height, basal area and crown cover. While the obligate
mangroves were distinct with high density values, their strand associes
(non mangroves) had low density values. These variations in density
values may be allied to the fact that these species had different niche
tolerances to salinity regimes. This may imply that the obligate mangrove
species had a better adaptability potential to salinity than the non-
mangrove species. Similar trend was reported by [11] and [12]. Notably,
the dominance or highest density value associated with Rhizophora
mangle should not be overlooked but may rather confirm that these
species is a true native and pioneer member of this estuary. The varying
frequency values of species in the mangrove may also point to the different
tolerant limits and levels of competition for environmental resources
among taxa. The highest frequency values (100 %) observed in Nypa
fruticans and Rhizophora mangle in this study may not be unrelated to the
fact that these species possessed wide ecological amplitudes as well as
good reproductive abilities and strategies which might have compensated
effectively for their massive proliferation and distribution in saline
habitats. Rhizophora mangle is well known for its viviparous mode of
reproduction (germination of seed while still being attached to the mother
plant). This reproductive strategy tends to increase the chances of a
successful establishment in an unpredictable environment where
germination of seeds would typically be inhibited. This agrees with the
reports of [13]. The dispersal of seedlings of Nypa fruticans on the other
hand is facilitated by tidal inundation which transports and deposits them
on mudflats in the mangrove. It is worthy of note that during this transit,
the seeds remain viable for a longer period germinating at the same time
until it gets to a favourable substrate for its establishment. Nypa also has
an additional advantage for rapid colonization through the formation of
rhizomes. This further confirms their presence in all the stations at various
distances from the coast. Invariably this can be explained to mean that
these species are capable of withstanding fluctuations in the
environmental conditions (salinity). The low frequency values of species
may suggest their narrow ecological amplitudes in the mangal. This may
further imply that these species were found where the environmental
conditions were relatively stable. The variations noted for height, basal
area and crown cover may insinuate the age differences evidenced among
species. These may also be a reflection of their growth behaviour in the
ecosystem.

The spatial variation in salinity in the ecosystem revealed that salinity
concentration increased with proximity to the coast and decreased with
distances away from the coast. This is not unprecedented as it is
established that salinity levels tend to increase as one moves away from
fresh water sources towards the ocean [14].

Gradient analysis as adopted in this study is a research method for
studying the spatial patterns of occurrence or arrangement of species in
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response to environmental factors. According to [9], it seeks to understand
the structure and variation of the vegetation of a landscape in terms of
gradients in space of variables on three levels namely; environmental
factors, species populations and characteristics of communities. This is
evidenced in this study as the gradient analysis performed on plant species
was based on salinity. From the result, variability in plant species
occurrence with regards to salinity gradients were observed spatially.

The modalities and response of plant species on soil salinity gradient as
shown in Figures 1 - 14 related information on the ecological amplitudes
and optima for each mangrove species. Ipomoea involucrata, Paspalum
vaginatum, Dracaena mannii, Piptadeniastrum africanum, Elaeis
guineensis, Staudtia stipitata, Alchornea cordifolia, Terminalia superba and
Mpytragyna ciliata belonged to ecological group 1 with ecological optima of
8.14 each along salinity gradient. The placement of these species into
ecological group 1 is not without environmental implications but rather
show that species dominated and occurred exclusively at niches where
least salinity values were recorded in the estuary. This may suggest that
these species were sensitive to increasing salinity as they were not found
in highly saline sites. Their inability to adapt favourably to saline
conditions may expound that these species are non-mangrove species but
rather are listed in the anthology of freshwater species.

Acrostichum aureum, Avicennia africana and Phoenix reclinata belonged to
ecological group 4 because they dominated and flourished where the
concentrations of salt appeared to be plentiful. While Acrostichum aureum
was unimodal, Avicennia africana (19.56 and 30.12) and Phoenix reclinata
(8.14 and 29.32) were bimodal in terms of ecological optima. The
unimodal nature of Acrostichum aureum may suggest that this species had
a specific salinity level required for its optimum performance. Similarly,
the bimodal nature of Avicennia africana and Phoenix reclinata may not
differ from the fact that these species have range of values they can adapt
favourably to salinity in the ecosystem.

Nypa fruticans and Rhizophora mangle belonged to ecological group 0
since they were insensitive to salinity as an environmental factor. This
implies that these species had the widest ecological amplitudes in this
mangrove and are highly acclimatized to varying salinity levels. This also
shows that these species are the most ecologically adaptive in this
mangrove under the influence of salinity. The inclusion or classification of
these species into ecological group 0 deviates from the findings of [11]
where the scholar grouped this species into ecological groups 3
(Rhizophora mangle) and 4 (Nypa fruticans) in mangrove swamp in
southeastern Nigeria. The scholar further reported Avicennia africana to
be the species with the widest ecological magnitude. This variation may be
attributed to the time and mangrove ecosystem selected for the study.

5. CONCLUSION

Salinity exerts profound effects on the distributional patterns of plant
species in mangrove ecosystems. This study established that the
distribution of the plant species in terms of density and frequency varied
based on their levels of adaptability to salinity. The core mangroves were
insensitive while the non-mangroves were sensitive to this environmental
variable. The gradient analysis revealed that the mangrove species had
different ecological amplitudes along the soil salinity gradient.
Conclusively, this study provides information for understanding the
adaptation of various plant species to harsh environmental conditions

Lo v O G — S wv L

(salinity) thereby making this ecosystem critical for future conservation,
restoration and sustainable management.
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