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Abstracts 

This study investigated into the floristic abundance and diversity of mangrove in polluted 
soils in Ikuru town, Andoni Local Government Area, Rivers State. The study covered an 

area of about five hectares (ha) of land. The area was measured using a transect of 100m 
x 20m in each zone. 10m transects were used in the experimental study. A control was 
chosen within the mangrove forest at Eagle Island Port Harcourt. Soil samples were 

randomly collected from subtidal, middle intertidal and lower intertidal zones, and 
control location using soil augar. Composite soil Samples were carefully placed into well 

labeled poly bags for laboratory analysis. Standard sampling procedures were adopted 
for soil physical and chemical analysis. Floristic species richness and diversity were also 
accessed.  The results of the floristic compositions of the mangrove tree species in the 

hydrocarbon polluted soil of Ikuru Town showed that five (5) species, Avicenmia, 
Rhizophora mangle, Laguncularia racemosa, Acrostichum aureum, Rhizophora 

racemosa, four (4) families; namely Avicenmia, Avicenruocerae, Rhizophoraceae, 
Combitaceae and Pteridaceae. Furthermore, the results also showed that in polluted soil, 
Avicennia germinas recorded (35); unpolluted (52); Rhizophora mangle polluted (22); 

unpolluted (35); Lagunculania, racemosa polluted (20); unpolluted (30); Acrostichum 
aureum polluted (25); unpolluted (25); Rhizophora racemosa polluted (42) and 

unpolluted (60); Axonopus compresus polluted (15) unpolluted (20) and Cynodon 
dactylon polluted) (10) unpolluted (22) However, the diversity of the mangrove species in 
both polluted and contro soils were significantly different (P≤0.05), Avicennia gramina 

(35.52), Rhizophora mangle (22.35); Laguncularia racemosa (20.30), Acrostichum 
aureum (25.30) and Rhizophora recemosa (42.60). The results showed that the 

percentage abundance of the mangrove species differ in the percentage occurrence of the 
species found in the mangrove ecosystem, Rhizophora racemosa (24.88%, 25.49%) in 
both polluted and control soils, followed by Avicemmia Africana (20.71%; 21.3%) and 
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the least abundant species was Laguncularia racemosa (11.82%; 12.30%). Therefore, 
rhizophora racemosa was highly recommended in a crude oil polluted sites and 

afforestation programmes in the mangrove.   
 
Keywords: Floristic, mangrove species, Abundance, Diversity, Andoni LGA  

 

Introduction 

Soil contamination by petroleum products and its derivatives is an environmental threat 
because of potential toxic impacts on different ecological receptors (Masakorala et al., 
2013) (Ukoima et al 2014a and 2016b). Among the decontamination solutions of 

hydrocarbon-polluted soils, phytoremediation is a sustainable, restic, less expensive and 
ecological process (Azadeh et al., 2007). It relies on the fact that plants with a dense root 

system can explore large volume of soil, support many plant communities in the 
rhizosphere and produce root exudates, which may directly affect rhizobacteria activity 
(Bollag et al., 1994). Plants play a major role (Azadeh et al., 2007, Nwoko 2010) 

(Ukoima et al, 2014b and 2016a) in phytoremediation process by transporting and 
concentrating contaminants from the soil into the aboveground shoots (Phytoextraction), 

and reducing the bioavailability of pollutants in the environment (Phytostabilization). 
Plants can also extract volatile pollutants (e.g., selenium, and mercury) from the soil and 
volatilize them from the foliage (Phytovolatilization), or in association with 

microorganisms (plant-assisted bioremediation), as well as degrade organic pollutants. 
Although considered a long-term process where pollutant concentrations are low or 

moderately high, phytoremediation remains a cost effective and viable method of 
disposing certain types of hazardous waste such as oil waste. World oil consumption 
today exceeds 90 million barrels per day (93.5 million on average in 2015), but crude oil 

processing and handling processes can cause serious environmental and health damage 
(Wu et al., 2011). The social and environmental effects of oil business include global 

warming, destruction of wildlife and biodiversity, loss of soil fertility, air and water 
pollution, degradation of agricultural land and damage to aquatic ecosystems (Liu et al., 
2015). Phytoremediation has long been recognized as a low cost technique of removing 

hazardous compounds from soil. This ability is often attributed to microorganisms living 
in the rhizosphere under the influence of plant roots (Jones et al., 2004). Several studies 

have shown the ability of different plants to clean-up oil-polluted soils (Masu et al., 2013, 
Njoku et al., 2014, Xiao et al., 2015). However,  research reports on plants that have 
phytoremediation potentials are scanty and fairly undocumented in tropical areas; 

particularly in Cameroon (Ogbo et al., 2009). Therefore, screening plant species to 
determine those with the capacity to grow on hydrocarbon-polluted soils remains an 

essential step in phytoremediation (Messou et al., 2013). Due to uncontrolled oil spills in 
Cameroon (D eversement accidental d’hydrocarbures dans l’environnement au Cameroun 
– 25 janvier 2007-16:31 (Par Pierre Melquiot)) bib7, Komya 2014), the Cameroonian 

government is currently seeking for means to clean-up polluted sites (Anonymous 2007).  
Mangroves are one of the world’s most productive ecosystems. This is because they 
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enrich coastal waters and serve as supermarket of the sea. They are globally distributed 
and occupy more than 150,000 km2, occur in over 123 countries and are made up of more 

than 73 species and/or hybrids (Bunt, 1992; Spalding, 1997; Spalding et al., 2020). 
Mangroves are divided into the Indo-West Pacific (IWP) and the Atlantic East Pacific 
(AEP) groups (Duke, 1990; Macnae, 1968). They originated from a hot environment 

(Plaziat, et al., 2001) and their distribution is influenced by meteorological events 
(Alongi, 2008) such as temperature (Duke, 1992) and precipitation (Saenger et al., 1993). 

These climatic parameters influence their distribution to different habitat (Feller, et al., 
2010). Although, tolerance to warm conditions dictates their distribution, they sometimes 
drift to temperate regions where intense cold weather threatens their survival (Hogarth, 

1999). Tropical conditions are the best for mangroves, but excessive heat cause rapid 
evaporation leading to increase in salinity (Gilman, et al., 2008), which triggers the 

succession of salt tolerant mangrove species (e.g. Avicennia germinans) over less salt-
tolerant species (e.g. Rhizophora species) (Lugo, 1980). Increase in temperature affects 
water body (Dai et al., 2009)). Temperature greater than 35°C affects root structure, 

seedling establishment and photosynthetic activity in mangroves (Chakraborty, 2013). 
Unrestricted increase in temperature can lead to the migration of species into subtropical 

salt marsh areas (Perry, et al, 2009) and Arctic pole (Cavanaugh et al., 2014). 
Precipitation regulates nutrient up-take and affects productivity (Snedaker, 1995) and 
survivability (Tomlinson, 1998) of mangroves. Moderately warm and wet equatorial 

areas with high rainfall have rich supply of mangrove populations (Record, 2013). 
However, increase in sea level (Lyu, et al., 2014) can drown fringe mangroves (Gilman, 

et al., 2008). In the same vein, global cooling and warming (IPCC, 2014; Scherer, et al., 
2014) can lead to range shifts and the extinction of organisms (Hewitt, 2004a; 
Yokoyama, et al., 2001). Mangrove propagules are dispersed by tidal currents, but land 

barriers prevent their free movement (Duke, 1990) leading to a discontinuous 
distribution. This discontinuity causes intra-specific, morphologic and genetic variation 

in Rhizophora species (Dodd, et al., 1998), which is one of the most dominant mangrove 
species in the world. 
The mangrove trees conserve water resources and serve as wind breaks in many 

communities. Specifically, in the Niger Delta, there are several uses of mangroves by the 
indigenous people, these include; fire wood, building materials, medicinal products, food 

baskets and fishing tools etc. (Ukoima et al 2010) 
The objectives of the study are to determine physico-chemical property of polluted and 
non- polluted.  

 

MATERIALS AND METHODS 

Study Area 
The study was carried out in the mangrove vegetation of Ikuru Town, in Andoni Local 
Government Area, Rivers State. Ikuru Town is situated at Latitude 4.47oN and Longitude 

7.45oE (Ukoima et al 2014a). The town has an approximate population of six hundred 
thousand (60,000) persons according to the Nigeria 1999 census (ERA, 1999). (Fig 1) 
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The annual rainfall is 2500mm, within a mean value of 70% relative humidity in 
February and 80% in July, the mean minimum temperature is 25oC with maximum 

temperature of 29oC. The area is predominantly brackish water and consequently 
dominated by the mangrove forest. The main occupation of the people is fishing. 
Economically the people are also wealthy in palm oil merchant across Akwa Ibom and 

Abia States. 

 
Fig. 1.1: A Map showing Ikuru Town Study Area. ( Extract from map of Andoni) 

 
 
Sampling Techniques and Experimental Design 

The study covers an area of about 5 hectares (ha) of land. The entire area was divided 
into subtidal, middle intertidal, and lower intertidal zones. A transect measuring 100m x 

20m were laid in each zone, 10m away from each other. A total number of 12 transects 
were used in the study. A control location was chosen within the mangrove forest at 
Eagle Island. Soil samples were randomly collected from subtidal, middle intertidal and 

lower intertidal zones and control location using auger and composite soil samples were 
carefully placed into well labeled poly bags for laboratory analysis. Survey design was 

used for this study. A systematic sampling technique was adopted since the population of 
study is not homogenous and area was constituted into subgroups or subpopulations. In 
systematic random sampling research samples are drawn at fixed interval on a 

continuum. 
 

Determination of Mangrove Species  Diversity in the Study Areas 

Mangrove species diversity was done using systematic random sampling based on 
standard procedure for Ecological assessment studies (Kershew, 1975), along the specific 

transit at distance of 100m around the affected site and 20m from the control sites, 
however the mangrove species were identified in the field. Microbial diversity will be 

calculated as described by Morisita (1959). 
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Measures of Species Distribution  

Simpson = index of diversity  

Species diversity index was calculated with the Simpson’s (1949) index as follows:  

I = q 
         

      
 

Where I = the index of diversity  

N = total number of individuals encountered  
ni = Number of individual of iith each species encountered.  
q = Number of different species encountered  

Shannon = Index  
It is calculated using the following equation:  

H = - P1 (InPi)  
Where P1 is the proportion of each species in the sample. Given a very large sample size 
with more than 5 species. The S-W index value (H) can range of 0 to – 4.6 using the 

natural log (in).  
Evenness = Shannon Equitability  

(EH) can be calculated by dividing it by Hmax. (here Hmax  = Ins). Equitability assumes 
a value between 0 and 1 with 1 being complete evenness.  
EH = H11tmax = H/ins 

Determination of Floristic Species Abundance in the Polluted Site 

Floristic species abundance refers to numerous plant spices found in the environment or 

location. The Floristic species abundance in this study were determined by counting the 
species available in each of the transects using the long series methods. (Fisher et al., 
1943). 

 
RESULTS 

The effect of crude oil spillage on the mangrove species compared to the control is 
presented in Table 1. The results revealed that the following mangrove species were 
present both polluted and unpolluted sites and include;  Avicemia germinas, Rhizohora 

mangle, Laguncularia racemosa, Acrostichum aureum, Rhizophora recemosa and 
Acrostichum aureum.  

However, the diversity of the mangrove species in both polluted and contro soils were 
significantly different (P≤0.05) Avicennia gramina (35.52), Rhizophora mangle (22.35); 
Laguncularia racemosa (20.30), Acrostichum aureum (25.30) and Rhizophora racemosa 

(42.60). 
Generally, it was observed that plant species performed better in control soil compared to 

polluted soil indicating that effect of crude oil on the mangrove species growth and 
development was drastic in the plants.  
 

 
 

 
Table 1: Mangrove Species and Diversity found in the Polluted and Control Sites 
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   Polluted  Control  

S/N. Species 

name 

Common 

names 

Density Standard 

Deviation 

Remark Density Standard 

Deviation 

Remark 

1 Avicennia 
Africana 

- 35.52 7.69 ++ 52 8.96 ++ 

 

 
2 

 

Rhizophora 
mangle 

 

- 

 

22.35 

 

6.42 

 

++ 

 

35 

 

7.69 

 

++ 

3 Laguncularia 
racemosa 

- 20.30 5.98 ++ 30 7.27 ++ 

4 Acrostichum 

aureum 

- 25.30 6.87 ++ 25 6.87 ++ 

5 Rhizophora 
racemosa 

Red 
mangrove 

42.60 8.96 +++ 60 9.86 +++ 

++++ very abundant, +++ abundant, ++ scarce, + very scarce 
 

 
Floristic Species Abundance in Polluted and Control Soil  

The result of the mangrove floristic species abundance in the polluted and control soils is 
presented ( Table 2). The results showed that the percentage abundance of the mangrove 
species differ in the percentage occurrence of the species found in the mangrove 

ecosystem, Rhizophora racemosa (24.88%, 25.49%) in both polluted and control soils, 
followed by Avicemmia Africana (20.71%; 21.3%) and the least abundant species was 

Laguncularia racemosa (11.82%; 12.30%) ( Table 2). The result also showed the forest is 
composed of true mangrove species such as Rhizophora recemosa with a relative 
abundance of 24.85 on polluted site and 24.54 on the control site. Also found in the 

studied are mangrove associates such as a Acrostichum having 14.79 in the polluted and 
10.25 in the unpolluted while Axonopus 8.88 in the polluted and 8.19 in the control. 

 
 

Table 2 Floristic Species Abundance in Polluted and Control Soils  

          Relative Abundance (%) 

S/N. Species Common 

Names 

Family  Polluted Control Polluted 

(%) 

Control 

(%) 

1 Avicennia  Avicenruocerae 35 52 20.71% 21.31 

2 Rhizophora 
mangle 

Red 
mangrove 

Rhizophoraceae 22 35 13.02 14.34 

3 Laguncularia 
racemosa 

White 
mangrove 

Combitaceae 20 30 11.82 12.30 

4 Acrostichum 

aureum 

Mangrove 

fem 

Pteridaceae 25 25 14.79 10.25 
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5 Rhizophora 

racemosa 

Red 

mangrove 

Rhizohoraceae 42 60 24.85 24.59 

 
The mangrove plant species which were recorded as frequently occurring in the site 

include, Avicennia germinas, Rhizophora aureum and Rhizophora recemosa.(Ukoima et 
al, 1996) 
Shown in Table 2, the forest is composed of true mangrove species such as Rhizophora 

recemosa with a relative abundance of 24.85 on polluted site and 24.54 on the control 
site. Also found in the studied are mangrove associates such as a Acrostichum having 

14.79 in the polluted and 10.25 in the unpolluted while Axonopus in the polluted and 8.19 
in the control. This work is in agreement of the works of (Ukoima et al, 1996). 
However, using the Simpson index, both the polluted and control site showed equal 

species diversity of 0.83. The Species diversity indices observed in both locations fall 
within the acceptable limited of 0-1, where 1 represent infinite diversity and zero no 

diversity, this implies that the higher the index value the higher the diversity. It agrees 
with the works of (Ukoima and Amakiri, 2009) 
 

A total of seven (7) individual species were observed in the mangrove vegetation within 
the study area, while seven (7) individuals were observed in the control area. Seven (7) 

plant species and seven (7) families were encountered in the study site. The families 
recorded consist of the following; Avicenniaceae, Rhyzohoraceae, combritaceae, 
Pteridaceae, Rhizohoraceae, Proaceae, and Praceae. While some of the plants species 

encountered are; Avicennia germinnas, Rhizophora mangle, Laguncularia racemosa, 
Acrostichum aureum, Rhizophora racemosa, Axonopus compresus and Cynodon 

dactylon, all these are seen in Table 3, which collaborates the works of Ukoima et al, 
2014. 
 

In conclution, seven (7) individual species were observed in the mangrove vegetation at 
Ikuru town, Andoni, Rivers State. Also, Racemosa is highly recommended for 

afforestation programmes in crude oil polluted sites. 
 

References  

Alongi, D. M (2008). Mangrove forest: Resilience, protection from tsunamis and 
responses to global climate change. Estuarine, Coastal and Shelf Science, 76:1-
13. 

Azadeh, V., Ebrahim, P & Masoud, H.M.B (2007). Phytoremediation, a Method for 

Treatment of Petroleum Hydrocarbon Contaminated Soils. Intl J Farm & Alli 
Sci. 2(21):909–913. 

Bollag, J.M., Mertz, T & Otijen, L (1994). Role of microorganisms in soil remediation. 

In: Anderson TA, Coats J. R. eds. Bioremediation through rhizosphere 



International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 

 P-ISSN 2695-1894 Vol 8. No. 3 2022 DOI: 10.56201/ijaes  www.iiardjournals.org 

 

 

 

 

 IIARD – International Institute of Academic Research and Development Page 24 

technology. ACS. Symp. Ser.563. Am. Chem. Soc. York, PA: Maple press, 2–
10. 

Bray, R.H & Kurz, L.T (1957). Determination of total and available forms of phosphate 

in soils. Soil Science Journal, 59, 225-229. 

Bunt, J.S (1992). Introduction. In: Tropical Mangrove Ecosystem. Washington D.C.: 
American Geophysical Union, 1-6 

Cavanaugh, K.C., Kellner, J.R., Forde, A.J., Gruner, D.S & Parker, J.D (2014). Poleward 

expansion of mangroves is a threshold response to decreased frequency of 
extreme cold events. Proceedings of the National Academy of Sciences, 
111:723-727. 

Chakraborty, S.K (2013). The interactions of environmental variables determining the 

biodiversity of coastal mangrove ecosystem of West Bengal, India. Journal of 
Environmental Sciences, 3:251-265. 

Chude, V. O. (1998). Understanding Nigerian soil and their fertility management for 

sustainable agriculture. Inaugural lecture series. 13, Ahmadu Bello University, 
Zaria, Nigeria. 26th Nov. 1998. 

Cowan, T. (1999). Manual for identification of Medical bacteria. Cambridge University 

Pres, Cambridge.  

Dai, A., Qian, T., Trenberth, K.E & Millman, J.D (2009). Changes in continental 
freshwater discharges from 1948 to 2004. Journal of Climate, 22:2773-2779. 

Dodd, R.S., Fromard, F & Blasco, F (1998). Evolutionary diversity amongst Atlantic 
coast mangroves. Acta Oecologica, 19:323-330.  

Duke, N. C (1990). Morphological variation in the mangrove genus Avicenniain, 
Australasia: Systematic and ecological considerations. Australian Systematic 
Botany, 3:221-239. 

Duke, N. C (1992). Mangrove floristics and biogeography. In: Robertson AI, Alongi 

DM, editors. Tropical Mangrove Ecosystems. Coastal and Estuarine Studies 
Series. Washington, D.C: American Geophysical Union, 63-100. 

Ellison, J (2000). How South Pacific mangroves may respond to predicted climate change 

and sea level rise. In: Gillespie A, Burns W, editors. Climate Change in the 
South Pacific: Impacts and Responses in Australia. New Zealand and Small 
Islands States. Dordrech, Netherlands: Kluwer Academic Publishers, 289-301. 

Feller, I.C., Lovelock, C.E., Berger, U., McKee, K.L & Joye, K.S.B (2010). 
Biocomplexity in mangrove ecosystems. Annual Review of Marine Science, 
2:395-417. 



International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 

 P-ISSN 2695-1894 Vol 8. No. 3 2022 DOI: 10.56201/ijaes  www.iiardjournals.org 

 

 

 

 

 IIARD – International Institute of Academic Research and Development Page 25 

Fisher, R. A., Corbet, A. S & Williams, C.B (1943). ―The relation between the number of 
species and the number of individuals in a random sample of an animals 

population‖. Journal of Animal Ecology, 12 4258.  

Gilman, E.L., Ellison, J., Duke, N.C & Field, C (2008). Threats to mangroves from 
climate change and adaptation options: A review. Aquatic Botany, 89:237-250. 

Hewitt, G.M (2004a). Genetic consequences of climatic oscillations in the quaternary. 
Philosophical Transactions of the Royal Society of London Series, 359:183-195. 

Hogarth, P.J (1999). The Biology of Mangroves. England: Oxford University Press, 1-76. 

IPCC (2014). Summary for policy makers. In: Field CB, Barros VR, Dokken DJ, editors. 
Climate Change 2014: Impacts, Adaptation and Vulnerability, Part a: Global and 
Sectoral Aspects. Cambridge, UK and New York, NY: Cambridge University 

Press. 

Jones, D.L., Hodge, A & Kuzyakov, Y (2004). Plant and mycorrhizal regulation of 
rhizodeposition. New Phytologist, 163:459–480. 

Kershew, K.A. (1975). Quantitative and dynamic plant ecology 2nd Edition, Edward 

Arnold, London, 46.  

Komya, TP (2014). Analyse de la gestion des huiles usag ees de moteur dans 
les garages de l’Arrondissement de Douala II. M emoire de master professionnel. 

Universit e de Dschang-CRESA foret bois_Cameroun. 

Liu, H., Meng, F., Tong, Y & Chi, J (2015). Effect of plant density on phytoremediation 
of polycyclic aromatic hydrocarbons contaminated sediments with Vallisneria 
spiralis. Ecological Engineering. 73:380–385. 

Lugo, A. E (1980). Mangrove ecosystems: Successional or steady state. Biotropica, 
12:65-72. 

Lyu, K., Zhang, X., Church, J.A., Slangen, A.B.A & Hu, J (2014). Time of emergence for 
regional sea-level change. Nature Climate Change, 4:1006-1010. 

Macnae, W (1968). A general account of a fauna and flora of mangrove swamps and 

forest in the Indo-Pacific region. Advances in Marine Biology, 6:73-270. 

Masakorala , K., Yao, J., Guo, H., Chandankere, R., Wang, J., Cai, M., Liu, H & Choi, 
M.M.F (2013). Phytotoxicity of Long-Term Total Petroleum Hydrocarbon-

Contaminated Soil—A Comparative and Combined Approach. Water. Air. Soil 
Pollut. 224, 1553. doi:10.1007/s11270-013-1553-x. 

Masu, S., Morariu, F & Dragomir, N (2013). Using different tolerant plant for 

phytoremediation of contaminated soils with total petroleum hydrocarbons. 



International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 

 P-ISSN 2695-1894 Vol 8. No. 3 2022 DOI: 10.56201/ijaes  www.iiardjournals.org 

 

 

 

 

 IIARD – International Institute of Academic Research and Development Page 26 

Animal science and biotechnologies. 46(2):175–179. 

Mclean, E. O. (1982). Soil pH and lime requirements in methods of soil analysis, part 2. 
―Chemical and microbiological properties‖. Agronomy Monograph. 9.2 edition. 

Messou, A., Coulibaly, L., Doumbia, L & Gourene, G (2013). Plants diversity and 

phytoaccumulators identification on the Akouedou landfill (Abidjan, Cote 
d’Ivoire). African journal of biotechnology. 12 
(3):253–264. 

Njoku, K.L., Akinola, M.O., Nkemdilim, C.M., Ibrahim, P.M & Olatunbosun, A.S 
(2014). Evaluation of the potentials of three grass plants to remediate crude oil 
polluted soil. Department of Cell Biology and Genetics, University of Lagos, 

Akoka Lagos, Nigeria. 2(4):131–137. 

Numbere, A. O. (2014). Impact of hydrocarbon pollution on the mangrove ecosystem of 
the Niger River Delta, Nigeria. Dissertation, Saint Louis University. 

Nwoko, C.O (2010). Trends in phytoremediation of toxic elemental and 

organic pollutants. African Journal of Biotechnology. 9(37):6010–6016. 

Ogbo, E.M., Zibigha, M & Odogu, G (2009). The effect of crude oil on growth of the 
weed (Paspalum scrobiculatum L.) – phytoremediation potential of plant. Afr. J. 

Env. Sci and Technol. 3(9):229–233. 

Ogundana, S.K (1989). Introductory Microbiology: A laboratory manual Obafemi 
Awolowo University Press Ltd Ile-Ife, Nigeria, 92-93, 134-136.  

Okpiliga, F. L., Effiong, E. B. & Imoke, E. (2013). Mangrove forest ecosystem utilization 
and depletions implication for occupational changes in Calabar south, Nigeria. 

European Journal of Sustainable Development, 2(1), 149-162. 

Perry, C.L & Mendelssohn, I.A (2009). Ecosystem effects of expanding populations of 
Avicennia germinans in a Louisiana salt marsh. Wetlands, 29:396-406. 

Plaziat, J.C., Cavagnetto, C., Koeniguer, J.C & Baltzer F (2001). History and 

biogeography of the mangrove ecosystem, based on the critical reassessment of 
the paleontological record. Wetlands Ecological Management, 9:161-180 

Record, S., Charney, N.D., Zakaria, R.M & Ellison, A.M (2013). Projecting global 

mangrove species and community distribution under climate change. Ecosphere, 
1-23. 

Saenger, P & Snedaker,  S. C (1993). Pantropical trends in mangrove above-ground 

biomass and annual litter fall. Oecologia, 96:293-299. 

Scheren, J. (2002). Basline 2000 background report. The status of intergrated coastal 
management as an international practice. Boston: Second iteration, University of 



International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 

 P-ISSN 2695-1894 Vol 8. No. 3 2022 DOI: 10.56201/ijaes  www.iiardjournals.org 

 

 

 

 

 IIARD – International Institute of Academic Research and Development Page 27 

Massachusetts.  

Scherer, M  & Diffenbaugh, N.S (2014). Transient twenty-first century changes in daily-
scale temperature extremes in the United States. Climate Dynamics, 42:1383-

1404. 

Snedaker, S.C (1995). Mangroves and climate change in Florida and Caribbean region: 
Scenarios and hypotheses. In: Proceedings of the Asia-Pacific Symposium on 
Mangrove Ecosystems. Netherlands: Springer, 43-49. 

Spalding, M (1997). The global distribution and status of mangrove ecosystems. 
Proceedings of the International News Letter of Coastal Management-Inter-
Coastal Network, Special Edition 1, 20-21. 

Spalding, M., Kainuma, M & Collins, L (2010). World Atlas of Mangroves. Routledge: 

Earthscan. 

Stewart, E.A., Grinshaw, H.M., Parkinson & Quarnmby, C (1974). Chemical analysis of 
ecology materials. Blackwell scientific publication, Oxford.  

Tomlinson, P.B (1998). Rhizophora in Australasia-some clarification of taxonomy and 

distribution. Journal of the Arnold Arboretum, 59:156-169. 

Ukoima, H.N,Amakiri, M.A, Adeniji, M.O and Dan-kalio, L.A (1996) Studies on fungi 
Associated with some mangrove forest trees in Rivers state. PhD Thesis, Rivers 

State University of Science and Technology, Port Harcourt, Rivers State, 
Nigeria. 

Ukoima, H.N and Umechuruba, C.I ( 2004). Effects of PH and sea water on the fungi 
isolated from marine habitat in Port Harcourt. Journal of Padagosy and 

Educational Development. 10 (182); 1-6. 

Ukoima, H.N; Wemedo, S.A and Mopho, F. (2007). Survey of  Bacterial Pathogens of 
Leaves and Seeds of White Mangrove ( Avicennia africana). Indian Forester, 

133(5): 637-641 

Ukoima, H.N and Umechuruba, C.I (2009). Effects of Relative Humidity and 
Temperature on some fungi isolated from Marine Habitats in Port Harcourt. 

International Journal of Agriculture. 1(2): 126-129 

Ukoima, H.N; Inemedo, S.A and Ekoirikpo, A.O (2009). Survey of bacterial Pathogens 
on leaves and seeds of Red mangrove (Rhizophora mangle). African Journal of 
Environmental Science and Technology. 3(5): 116-119 

Ukoima, H.N and Amakiri, M.A (2009). Diversity and Abundance of Mycoflora in the 
Mangrove soil in Port Harcourt, Rivers State. Journal of Science and Technology 
Research Policies. 8 (3) 30-33 



International Journal of Agriculture and Earth Science (IJAES) E-ISSN 2489-0081 

 P-ISSN 2695-1894 Vol 8. No. 3 2022 DOI: 10.56201/ijaes  www.iiardjournals.org 

 

 

 

 

 IIARD – International Institute of Academic Research and Development Page 28 

Ukoima, H.N, Amakiri, M.A; Adeniji, M.O and Dan-kalio, L.A (2010). Survey of Fungi 
on some Red forest trees in Rivers State, Nigeria. African Journal of Ecology. 48 

(3); 844-846. 

Ukoima, H.N; Abere, S.A and Omokhua, G.E ( 2014). Andoni Marine Ecology: 
Emphasis on the Biological importance of some of the useful plants; Journal of 
Environment and Earth Science. 4 (18): 2224-3216 

Ukoima, H.N; Chukunda, F.A; Ngerebara, F.D and Halliday, O.S (2016). Bacteria, Plant 

nutrients and Plant population following Gas flare in Oloma community, Rivers 
State, Nigeria. International Journal of Agriculture and Earth Science. 2(2): 1-5 

Ukoima, H. N., Chukunda, F. A., Nyerebara, D. O. & Halliday, S. (2016). Changes in 

fungai population and soil physio-chemical properties following gas flare in 
Oloma community, Bonny Local Government Area. Internal Journal of 

Agriculture and Earth Science, 2(3), 1-10. 

Uyigne, L. & Enujekwu, F. M. (2017). Physico chemical analysis of gas. Flaring impact 

on the environment of host communities in the Niger Delta. Journal of 
Environmental Pollution and Human Health, 5(1). 

Vazquez, P., Holguin, G., Puente, M. E., Lopez-Cortes, A & Bashan, Y (2000). 

Phosphate-solubilizing microorganisms 
associated with the rhizosphere of mangroves in a semiarid coastal lagoon. 
Biology and Fertility of Soils, 30, 460–468. 

Wu, Q., Wang, S., Thangavel, P., Li., Q., Zheng, H., Bai, J & Qiu, R (2011). 
Phytostabilization potential of Jatropha curcas L. in polymetallic acid 

mine tailings. Int. J. Phytoremediation. 13:788–804. doi:10.1080/ 
15226514.2010.525562. 

Xiao, N., Liu, R., Jin, C & Dai Y (2015). Efficiency of five ornamental plant species in 

the phytoremediation of polycyclic aromatic hydrocarbon 
(PAH)-contaminated soil. Ecological Engineering, 75:384–391. 

Yokoyama, Y., Esat, T.K & Lambeck K (2001). Coupled climate and sea-level changes 

deduced from Huon peninsula coral terraces of the last ice age. Earth and 
Planetary Science Letters, 193:579-587.  

 


