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Restoration Trials in Ogoniland, 
Niger Delta, Nigeria: Lessons 
for Future Intervention 
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ABSTRACT
Mangrove restoration has been undertaken with varying degrees of success in many tropical and subtropical marine 
shorelines around the globe. However, mangrove reforestation in the Niger Delta, Africa’s largest delta and mangrove 
belt is, at best, rudimentary. Here, we present floristic results on two opportunistic artificial mangrove regeneration case 
studies aimed at restoring mangrove swamps damaged by oil pollution (Bodo Creek) and colonized by invasive Nypa 
fruticans (nypa palm) (Kono Creek) in Ogoniland, eastern Niger Delta, Nigeria. Nursery raised seedlings of the delta’s 
dominant Rhizophora racemosa were planted 1 m apart in zigzag fashion at both locations. Planting at the oil-polluted 
site was preceded by soil quality investigation and bio-stimulation with fertilizer, whereas at Kono Creek, there was no 
addition of fertilizer before and after planting. A 3-year post planting evaluation of survival rate, growth, and girth param-
eters showed better performance of mangroves at the Bodo Creek restoration than at the Kono Creek restoration, with 
survival rates of 72% and 12%, respectively. In sharp contrast to the Bodo Creek restoration, few stands of the planted 
mangroves at the Kono Creek restoration had started producing propagules. Investigations of soil quality, and where 
necessary, followed by remedial treatment, particularly augmenting key nutrients, are critical precursors of successful 
artificial mangrove regeneration.
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Mangrove forests occur between approximately 30° N 
and 30° S latitude on low energy, sedimentary inter-

tidal shores of the tropics and subtropical areas (Giri et al. 
2011). These aquatic forest communities are semi-diurnally 
and diurnally inundated by tides, with seasonal and con-
tinuous inputs of freshwater (Mazda et al. 2005). Mangrove 
trees are physiologically and morphologically adapted to 

  Restoration Recap  •
•	 Mangrove restoration is just emerging in the Niger Delta, 

despite being Africa’s largest and most degraded man-
grove hub.

•	 This paper presents two contrasting case studies of man-
grove planting to restore crude oil killed and Nypa fru-
ticans (nypa palm) invaded swamps in Bodo and Kono 
Creek, respectively.

•	 Nursery raised Niger Delta dominant red mangrove (Rhi-
zophora racemosa) seedlings were transplanted after soil 
enrichment and clear-cutting of N. fruticans at Bodo and 
Kono Creek, respectively.

•	 Third year post-planting evaluation of mangrove survival, 
height and stem diameter showed significant differ-
ences in all the parameters between Bodo and Kono 
planted mangroves, having 72% and 12% survival rates, 
respectively.

•	 Reduced transplanting time-stress and soil quality 
enhancement, particularly augmenting limiting nutrients 
and reducing contaminant concentration to seedlings 
tolerant levels, are recommended critical drivers for suc-
cessful mangrove restoration in degraded wetlands.
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environmental challenges of the intertidal habitat, such as 
high and variable salinity, low oxygen, poor nutrient avail-
ability and substrate mobility (Ellison et al. 2012). The area 
occupied by world mangroves has been recently mapped 
as 152,000 km2 (Spalding et al. 2010).

In Africa, mangroves cover an estimated 32,000 km2, 
constituting about 19% of global coverage (FAO and UNEP 
1981). The extent of the Niger Delta mangrove ecosystem 
is approximately 35% of all West African mangroves (FAO 
2003). There are 69 species of mangrove plants in the world 
(Duke 1992), but there is controversy about the definite 
number of mangrove species in Nigeria ( Jackson and 
Lewis 2000). However, Kinako (1989) listed three families 
represented by six species. These are: Rhizophoraceae (Rhi-
zophora racemosa, R. harrisonii, and R. mangle), Avicennia-
ceae (Avicennia germinans), Combretacceae (Conocarpus 
erectus and Laguncularia racemosa).

Mangroves provide numerous ecosystem services. 
These benefits have been broadly grouped under eco-
nomic, ecological, cultural, and social functions (reviewed 
in Ronnback 1999, Moberg and Ronnback 2003). At least 
24 mangrove goods have been identified (Ronnback et al. 
2007), including but not limited to firewood, wood for 
construction, yam staking, scaffolds, manufacture of local 
dye, honey production, boat building material, furniture, 
traditional medicine, handles for traditional fans, axes 
and spades, net mending sticks, drum sticks, and carving 
of drums (gongs). Other ecosystem services provided by 
mangrove wetlands include protection against floods and 
storms, reduction of riverbank and coastal erosion, and 
maintenance of water quality. Additionally, mangroves 
sustain rich food webs within the mangrove habitat and 
tidal export of mangrove material supports offshore food 
webs. Many species of fish, crustaceans, molluscs, amphib-
ians, reptiles, and birds are found in mangroves, having 
high potential values as scientific, educational resources 
and for ecotourism (Hoff 2010, Ronnback 1999, Vance et 
al. 1996, Robertson and Duke 1990).

Many studies have coupled wild fish and invertebrate 
production to mangrove habitat nursery and protective 
functions (Lewis et al. 1985, Wolanski and Boto 1990, 
Thomas and Connolly 2001). It is estimated that each 
square kilometer of mangroves can support a fishery pro-
duction of 90–280 tons annually (Ronnback 1999, Moberg 
and Ronnback 2003). One estimate puts the economic 
value of mangrove forests to local communities in the range 
of $27,000–$36,000 per hectare (Sathirathai and Barbiar 
2001). Empirical data on fish reproduction function of 
mangroves in Nigeria are lacking, but a tentative estimate is 
that about 60% of commercial fishes in the Gulf of Guinea 
breed in the mangroves of the Niger Delta (Bassey 1999).

Globally, mangroves face serious threats, with increasing 
intensity in recent decades due to increasing human popu-
lation pressures, need for land space, and new technologies 
(Moberg and Ronnback 2003). Mangrove wetlands are, 

therefore, amongst the most threatened natural ecosystems 
worldwide, with about 50% of the global area lost already 
(FAO 2003, Spalding et al. 2010); even at a faster rate than 
tropical rainforests (Field 1995). Human activities remain 
a major cause of degradation and loss of mangrove ecosys-
tems in all parts of the world. Rubin et al. (1999) describe 
the destruction of the mangrove forests of the Volta River 
Estuary in Ghana due to two dams on the Volta River, and 
local timber harvesting. Zabbey (2008) and Zabbey et al. 
(2010) listed oil spillage, overexploitation for fuel wood, 
conversion to other forms of development, dredging and 
industrial discharges, and unhindered spread of Nypa 
fruticans (nypa palm) as major threats to mangroves in 
the Niger Delta. Oil spillage typically results in death of 
mangrove seedlings and trees; and many crabs and shell-
fishes as well as causing disruption of detritus-based food 
webs with consequent reduction in the fishery (Kio and 
Ola-Adams 1986, Kautsky et al. 2000). Natural recovery 
of oil damaged mangrove areas can occur through re-
colonization by floating mangrove seedlings in areas where 
oil concentration is lower than 30,000 ppm (Lewis 1983). 
Residual oil in sediment may persist for months and can 
take about 12 months to weather (Hoff 2010) and residual 
oil toxicity can result in mortality impact on mangrove 
seedlings as long as the residual concentration remains 
high (Getter et al. 1984).

Natural recovery of mangroves can be infrequent due 
to environmental impediments even though fecundity 
per mangrove tree can be enormous (reviewed in Hogarth 
2007). Given the right hydrological conditions, mangrove 
propagules can naturally recolonize former mangrove 
areas and within a timeline of over a decade return to 
‘normal’ mangrove forest. It is estimated that mangroves 
can recuperate successfully by secondary succession over 
a period of 10–15 years if there is normal hydrology and 
availability of propagules within the site (Field 1995). This 
depends on the right hydrologic conditions, the proximity 
of the restored site to propagule source, and the absences 
of propagule blockages (Lewis III 2005). Although, peri-
ods ranging from 10–50 years may be required for forest 
structure to return close to pre-impaired conditions but 
ecosystem function may take over a century to be fully 
reinstated (Moreno-Mateos et al. 2012, Rovai et al. 2012).

Mangrove restoration adopts different techniques, result-
ing in varying degrees of success in different hydrologic 
conditions and under different circumstances of human 
intervention. Ecological restoration is an all-embracing 
term, and according to the Society for Ecological Restora-
tion (SER 2002), it is the “process of assisting the recovery 
of an ecosystem that has been degraded, damaged, or 
destroyed”. The goal of the process is to restore the struc-
ture, functioning, diversity, and dynamics of the degraded 
ecosystem using reference ecosystems as models (Lewis III 
2005). Lewis and Marshall (1997) highlighted five critical 
steps that are necessary to achieve successful mangrove 
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restoration, while Kinako (1989) emphasized the adoption 
of ecological mimicry, in order to maintain and preserve 
the structural and functional framework of the ecosystem. 
In other words, restoration should reflect the natural man-
grove forest formation of irregular heights, stem diameter, 
and intermingling nature of mangrove stands, as well as 
species heterogeneity.

Despite several mangrove restoration initiatives around 
the globe (Ellison 2000, Lewis 2000, Lewis and Streever 
2000, Saenger 2002) and increasing advocacy for mangrove 
restoration (Zabbey et al. 2010), there have been very few 
mangrove-planting attempts in Nigeria. Abere and Ekeke 
(2011) reported a failed attempt by the Mangrove Conser-
vation Society of Nigeria (MCSN) to establish 9 hectares 
of mangrove restoration at Iwokiri in the Ogu/Boro local 
government area of Rivers State, Nigeria primarily, due 
to funding constraints. Isebor (2001) reported 60% loss 
of planted mangroves 2-year post planting at Igamu, near 
Lagos lagoon, Nigeria, attributing the heavy mortality 
to crab predation and severe reduction in rainfall. The 
purpose of this paper is to compare success rates (using 
survival and growth performance indices) of two mangrove 
planting case studies in Ogoniland, lower eastern Niger 
Delta, Nigeria. These were “opportunistic” pilot projects 
initiated by the Centre for Environment, Human Rights 
and Development (CEHRD) to demonstrate to local Ogoni 
communities that they can contribute to the recovery of 
degraded mangrove areas by low-tech planting endeavors. 
We highlight the strengths and weaknesses of the planting 
approaches adopted. Lessons learned from the mangrove 
planting trials presented herein may be useful to the antici-
pated restoration of the mangrove-dominated Bodo Creek, 
and similar environments in the Niger Delta region.

Methods

Study Area
The mangrove restoration trials reported here were per-
formed at Bodo Creek and Kono Creek in Ogoniland 
(Figure 1), Niger Delta, Nigeria. Bodo Creek is a net-
work of mangrove tidal creeks on the upper reaches of the 
Andoni-Bonny estuarine system. Information on Bodo 
Creek configuration, hydrology, physico-chemistry of sur-
face and interstitial water, and macrozoobenthos has been 
documented (Onwugbuta-Enyi et al. 2008, Zabbey et al. 
2010, Zabbey and Hart 2011, Zabbey 2012, Zabbey and 
Malaquias 2013). Bodo Creek is approximately 9230 ha 
of a network of brackishwater creeks, with mangroves 
occupying about 60% of the total area (Pegg and Zabbey 
2013). Bodo Creek was hit in 2008 and 2009 by two major 
oil spills with huge impact on the creek’s mangroves, fish-
eries, and other biota (see details in Pegg and Zabbey 
2013). Proposition of strategies for cleanup, remediation 
and ‘restoration’ of Bodo Creek is the central subject of 

ongoing (as at March 2015) mediation talks between the 
Bodo community and the Shell Petroleum Company of 
Nigeria, SPDC, a subsidiary of Royal Dutch Shell. The 
Netherlands Government through her embassy in Abuja, 
Nigeria, facilitates the cleanup mediation, with the assis-
tance of the National Coalition for Gas Flaring and Oil 
spills in the Niger Delta (NACGOND).

Kono Creek, approximately 27.20 km from Bodo Creek, 
is a relatively small network of creeks, the main creek being 
a bypass of the Imo River. NEDECO (1961) described Kono 
Creek as a short creek entering the Imo River near Mile 8 
on the west side. The high rate of freshwater discharge from 
the Imo River makes Kono Creek river-dominated with 
characteristically low salinity, less than 4 (N. Zabbey, Uni-
versity of Port Harcourt, Unpub. data). Save for the small 
stretch of the Nwenua protected mangrove swamp, Kono 
Creek marginal vegetation is predominantly N. fruticans, 
which NEDECO (1961) erroneously described as a type 
of ‘raphia palm’ typical of the Imo River sector.

Nypa fruticans is alien to West Africa. Historically, 
the palm seedlings were taken from Singapore Botanical 
Garden and firstly introduced to the coast of Calabar in 
Nigeria in 1906. A transplant followed it from the trial 
plantation in Calabar to Oron and Opobo in 1912 (Holland 
1922). Subsequently, in 1946 additional 6000+ seedlings 
of N. fruticans were imported from Malaysia and planted 
in the Niger Delta (Zeven 1973). It is from the above entry 
points that the species spread rapidly and colonized the 
West African coast as far as the Cameroons (Sundaland 
and Morakinyo 2002).

Bodo Creek
The mangrove planting was done in an oil-killed man-
grove swamp situated at Kiele waterfront of Bodo Creek 
(4°37' 354" N, 7°15' 707" E). A minor oil spillage happened 
in an adjoining community in 2003, and some of the spilled 
oil was tidally transported and deposited at the relatively 
low-lying swamp of the restoration site, killing the existing 
mangroves; while mangroves at the opposite and adjacent 
swamps were intact (Figure 2).

The restoration began in July 2005 with reconnaissance 
field investigations to ascertain the level of impact and 
assessment of physico-chemical characteristics of the 
environment. Protruding root stumps of the dead man-
groves were clear-cut and removed from the site to avoid 
re-impact from clogged oil on root stumps and also to 
enhance the surface area for photo-oxidation and aeration. 
Nevertheless, established volunteer mangrove seedlings 
were retained (Figure 2). Dead stumps near the subtidal 
fringes of the swamp were also retained to prevent marginal 
erosion.

A preliminary pre-treatment survey was carried out in 
July 2005 to ascertain the concentration of oil in the sedi-
ment, status of priority nutrient and other soil physico-
chemical parameters as well as microbial investigation for 
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Figure 1. Mangrove revegetation sites at Bodo Creek and Kono Creek, Ogoniland, 
eastern Niger Delta, Nigeria.

presence of oil degraders. Initially four sampling stations 
were delineated for comparison. The restoration (i.e., the 
planted) swamp (38 m × 46 m) was marked Station 1, while 
seaward the swamp westward and adjacent to Station 1 was 
marked Station 2. The main creek fringing the swamps 
was tagged Station 3 while the unaffected dense mangrove 
swamp opposite the intervention plot was marked Station 

4. Only sub-surface water samples were taken from Station 
3. On the other hand both sediment and interstitial water 
samples were obtained from the other Stations (1, 2, and 4).

The preserved samples were taken to the University 
of Port Harcourt laboratory in ice-chests and analyzed 
for some priority parameters following standard meth-
ods (APHA1998). The physico-chemical parameters 
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Figure 2. Bodo Creek mangrove restoration plot situated at Kiele waterfront; mangroves on the opposite shores 
were intact.

investigated included Total Hydrocarbon Content (THC), 
Dissolved Oxygen (DO), Biological Oxygen Demand 
(BOD), and nutrients (nitrate-nitrogen and phosphate) 
(Table 1). Microbiological analyses were performed to 
know the status of microbial degraders, heterotrophic 
bacteria, and fungi present in the area (Table 2). These 
analyses were carried out to give insight into whether 
bio-stimulation (nutrient supplementation) or bio-
augmentation (introducing microbial flora) was required.

The consolidated peaty sediments of the restoration 
plot (38 m × 46 m) were scarified by tillage at spots des-
ignated for planting. Since laboratory test revealed DO 
of pore water as zero in the degraded swamp, tilling the 
sediment increased the porosity and oxygenation of the 
sediment by increasing the surface area of the sediment 

Table 1. Results of pre-treatment chemical analyses 
of subsurface creek and pore waters at the mangrove 
planted swamp in Bodo Creek, Ogoniland, Niger Delta, 
Nigeria. Station 1 = restoration site, Station 2 = swamp 
adjacent to Station 1, Station 3 = main creek adjacent 
to the mangrove swamp, Station 3 = unaffected man-
grove swamp (reference). NM* = not measured, ND = 
not detected.

Parameter
Station

1 2 3 4
DO (mg/L) — — 4.3 —
BOD (mg/L) NM* NM 8.0 NM
THC (mg/L) 862 675 NM 105
Nitrate (mg/L) 0.5 0.5 1.5 0.4
Phosphate (mg/L) 0.4 0.4 0.02 0.3

Table 2. Results of pre-treatment microbiological load in water and sediment of mangrove restoration swamp in 
Bodo Creek, Ogoniland, Niger Delta, Nigeria. Station descriptions can be found in Table 1.

Station
Total Heterotrophic Bacteria  

(CFV/MI/CFV/G)
Hydrocarbon Utilizing Bacteria 

(CFV/MI/CFV/G)
Total Fungi Counts  
(CFV/MI/CFV/G)

1 1.60 × 106 4.00 × 105 < 3000
2 1.19 × 106 2.65 × 105 < 3000
3 9.25 × 103 9.50 × 103 3.00 × 102

4 1.56 × 106 3.20 × 105 < 3000
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for atmospheric oxygen uptake and released buried oil to 
the water-sediment interface. This enhanced tidal removal 
of the exposed oil during flooding and photo-oxidation 
when the mudflat is flooded and exposed during high and 
low tide, respectively.

To boost the nutrient status of the restoration plot, 
dry granular (slow-releasing) N/P/K fertilizers (25:10:5) 
were applied directly to the sediment surface at low tide. 
This method of fertilizer application is cost effective, and 
has been recommended for low energy beaches because 
washout due to tidal activity is relatively low (Venosa and 
Zhu 2005). During the first month of fertilizer application, 
about 1.2 kg of fertilizer was broadcasted on the surface 
of the plot every week. Subsequently, the same quantity of 
fertilizer mentioned above was applied every two weeks for 
one year. After five months of fertilizer application, pore-
water samples were taken from Station 1 (the restoration 
plot) for re-examination of the THC concentration.

Matured viable propagules of Rhizophora racemosa (red 
mangrove) were obtained from the wild to be raised in a 
nursery. The nursery plot was established approximately 
1  km away from the contaminated swamp, to prevent 

chronic hydrocarbon-induced stress during sprouting. 
Nursery preparation was done concurrently at the time 
fertilization of the intervention plot began.

We adopted planting space of 1 m between plants, in 
zigzag fashion. Earlier, marked spots for planting were 
tilled and pegged. Nursery bred seedlings were carefully 
dug out and transported by canoe to the planting site. 
Caution was exercised not to damage seedling roots during 
transplanting, and to ensure that root-balls of the seedlings 
and embracing sediments were intact during digging, 
transportation, and planting. A total of 400 propagules 
were planted.

Planting took place in late November 2005, at which 
time the nursery-bred seedlings had six or more leaves 
on them. The height and girth diameter (at 0.5 m height) 
of the planted saplings were measured. Initial post plant-
ing evaluation was done one month after planting. Some 
seedlings, which might have had their root system damaged 
and had showed signs of wilting were replaced (replanted) 
with viable individuals. The overall growth performance 
was re-assessed in 2008. The height and diameter measure-
ments were repeated, and the survival rate calculated by 

Figure 3. Nursery bed of Rhizophora racemosa established at Bomu Creek for transplanting.
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dividing the number of seedlings that survived up to the 
time of reassessment by the number that was planted, and 
multiplied by 100.

Kono Creek
The second restoration site was located at Kono Creek, 
Ogoniland (4°34'414" N, 7°30'652" E) (Figure 1). The man-
grove restoration was necessitated by aggressive invasion 
of N. fruticans which had out competed native mangroves 
leading to a drastic reduction in the native mangrove 
cover. Kono Creek’s marginal swamps are colonized by 
N. fruticans except a small stretch of the Nwenua mangrove 
protected area, the last standing intact mangrove vegetation 
swamp at Kono Creek.

An area of N. fruticans measuring 70  m × 40  m was 
marked and the palm jungle manually clear-cut with 
machetes followed by the removal of the palm rhizomes 
(stumps below-ground level). Since there was no visual 
sign of ‘pollution’, no remediation and nutrient addition 
was applied, as was done at Bodo creek, and baseline inves-
tigation of soil nutrient and other soil physico-chemical 
parameters was not undertaken. The mangrove nursery 
was set up five months before planting at Bomu Creek, 
23 km away from the planted site, where matured propa-
gules where plentiful and easily accessed. Approximately 
500 R.  racemosa propagules were raised in the nursery 
(Figure 3).

Four hundred nursery-bred seedlings were carefully dug 
out very early in the morning and transported by boat to 
the planting site. Caution was exercised to avoid damaging 
seedling roots during digging, and to ensure that root-balls 
of the nursery seedlings and sediments were intact during 
digging, transportation and planting. In addition, seedlings 
that showed signs of stress were discarded. Planting was 
done in 1 m intervals between plots in a zigzag pattern as 
at Bodo Creek to mimic natural mangrove forest structure. 
Each of the planting points were pre-marked and pegged. 
The seedlings were placed in wide, straight (vertical) holes 
and ensured that the roots did not curl upward. The hole 
containing the seedling or propagule was then covered with 
loose in situ soil to ensure proper aeration. The height and 
diameter of the planted seedlings were measured immedi-
ately after planting in April 2010. Performance evaluation 
was done to assess the condition and status (that is, survival 
and growth rate) of the planted mangroves three years post 
planting. Mean plant height and stem diameter between 
the initial and final assessment time were separated by t-test 
(excel version 10) at p = 0.05.

Results and Discussion

Percent vegetation cover, measured between 2–3 years 
is the main short-term parameter used in determining 
success of a mangrove restoration effort (Kaly and Jones 
1998), but a much longer timeframe is needed to actually 
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Figure 4. Final survival rate (%) of planted mangroves 
at Bodo Creek and Kono Creek.

draw ecological conclusions in the light of population/
community dynamics. In terms of number of planted seed-
lings that survived as at the time of evaluation, 360 (72%) 
and 48 (12%) seedlings were recorded at Bodo Creek and 
Kono Creek site, respectively (Figure 4). Other observable 
characteristics of superior performance at Bodo Creek 
compared to Kono Creek included higher branching and 
prop root densities (Figure 5 and 6). A plausible factor 
responsible for the differential growth and survival rate of 
the planted mangroves at Bodo Creek and Kono Creek is 
that at Bodo Creek, site-specific remedial treatment was 
performed. The long distance between Bomu nursery bed 
and the Kono restoration site (approximately 23 km) may 
have resulted in transportation stress during transplanting, 
which affected net survival.

Three months after planting, there was tremendous 
increase in aboveground height of the mangroves (Figure 
7). At final assessment time, the mean plant height at Bodo 
Creek was significantly higher than that of Kono Creek 
(Figure 7). The mean stem diameter between initial and 
final time was also significantly different (Figure 8). The 
graph shows similar growth pattern at the initial stage 
between the seedlings of both sites; the difference set in as 
time progressed. Plausible hypotheses regarding eventual 
differences in nutrient concentration and the influence of 
this resource on the mangrove survival and growth per-
formance across the sites could relate to: 1) The origin of 
organic matter and the resulting organic matter quality in 
the soil; and 2) The environmental setting where the sites 
are located. Cyclical nutrient uptake and regeneration 
occurs within mangroves due to sufficient leaf litter and 
decomposition (Robertson et al., 1992). Mangroves also 
have high capacity to store organic matter in their soils in 
comparison to other forested systems (Donato et al. 2011). 
Secondly, root systems of true mangrove species (sensu 
Tomlinson, 1986) and N. fruticans differ in their anatomy, 
production rates, and organic matter quality. So it would 
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Figure 5. Planted mangroves at Bodo Creek site three years post planting.

Figure 6. Early propagule production by planted 
mangroves at Kono Creek, 3 years post planting; note 
luxuriant Nypa fruticans on the opposite shores.

be expected that vegetation type (mangrove vs. N. fruticans 
which hitherto occupied Bodo Creek and Kono Creek, 
respectively) is an important driver of the concentration 
of nutrients and organic matter in the soil. Nypa fruticans 
rarely shed their leaves/fronds to recharge soil nutrients, 
even as the palm roots continue to remove nutrients from 

the sediment (Isebor 2003), causing mineral depletion. 
Notwithstanding biogeochemical advantages of mangrove 
over N. fruticans and anthropogenic nutrient fortification 
at Bodo Creek, Kono Creek being river-dominated, may 
have been nutrient sufficient. It has been shown that bio-
geochemical functions differ between restored mangrove 
stands due to variable hydrological and soil conditions 
(McKee and Faulker 2000). Generally, river-dominated 
systems receive larger nutrient inputs than tidal-dominated 
systems (Lugo and Snedaker 1974, Twilley, 1995).

However, considering the reasons above and the fact 
that nutrient concentration was not analyzed during plant-
ing at both sites, it is difficult to conclude or attribute 
variation in growth performance to differences in nutrient 
availability. Lastly, at Kono Creek, low salinity seems to be 
a natural factor (stressor sensu Lugo et al. 1981) imped-
ing mangrove to re-colonize or constraining growth, as 
energy needs to be diverted towards other basal metabolic 
functions. It is, therefore, likely that planting (even fol-
lowed by successive re-planting) might not “defeat” this 
environmental factor. Other factors that limit mangrove 
performances include less than 30% of tidal flooding 
(Hogarth 2007), older swamps which are naturally bereft 
of nutrients (Wolanski 2007), hypersaline water, sandy 
soils, or cracks in limestone substrates (Wolanski 2007). 
Cartaxana et al. (1999) noted that though coastal marshes 
are considered high nutrient wetlands, most of the nutri-
ents and nitrogen in particular are present in the form of 
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Figure 8. Mean stem diameter (cm) of planted man-
grove at the initial (dark gray bars) and final (light 
gray bars) assessments at Bodo and Kono restoration 
sites (dark bars indicate initial diameter and light bars 
indicate final diameter). Lowercase letters indicate 
significant differences between assessments within 
sites (p < 0.05).

b b 

a 

a 

0

0.5

1

1.5

2

2.5

3

3.5

Bodo Kono

M
ea

n 
Pl

an
t H

ei
gh

t (
m

) 

Locations 

3.5

 

b
b

a

a

0

0.5

1

1.5

2

2.5

3

3.5

Bodo Kono

M
ea

n 
St

em
 D

ia
m

et
er

 (c
m

)

Locations

Figure 7. Mean height (m) of planted mangrove at 
the initial (dark gray bars) and final assessments (light 
gray bars) at Bodo Creek and Kono Creek restoration 
sites. Lowercase letters indicate significant differences 
between assessments within sites (p < 0.05).

particulate organic matter and not readily available for 
microbial or plant uptake.

Pre-treatment results (Table 1) on the Bodo site had 
concentrations of nitrogen (nitrate) and phosphate of 
2 mg/L and 0.43 mg/L, respectively. Zabbey et al. (2014) 
recorded a range of 0.088–3.53 mg/L and 0.004–1.38 mg/L 
of nitrate and phosphate in interstitial water of soft bottom 
intertidal flats at Bodo Creek, respectively. Based on field 
experiences on sandy beaches, the threshold concentration 
range for optimal hydrocarbon biodegradation on marine 
shorelines is around 2 to 10 mgN/L (Venosa et al. 1996). 
The initial THC was in the range of 675–865 mg/kg while 
DO was below detectable limit (Table 1). Tilling the sedi-
ment beneficially increased the surface area and porosity 
of the sediment for atmospheric oxygen uptake, which 
also enhanced biodegradation. More so, the addition of 
fertilizer improved the nutrient content of the substrate 
and reduced the THC (500–660 mg/kg) five months post 
treatment. Venosa et al. (1996) noted that when a major 
oil spill occurs in salt marshes, it is likely that nutrient 
availability would be the limiting factor for oil degrada-
tion, depending on the type of sediment, the season, and 
the quantity of oil spilled. In some cases, however, adding 
fertilizer does not significantly result in biodegradation of 
oil in mangrove sediment (Teas et al. 1993, Quilici et al. 
1995). According to Jackson and Lewis (2000), mangrove 
propagules planted in sediments having hydrocarbon levels 
of up to 80 ppm have shown “good” growth.

It is plausible that the relatively higher survival rate of 
the Bodo Creek ‘restored’ mangroves was made possible 

by the slow-dissolving fertilizers applied, which enhanced 
rapid growth and fortified the plants to be able to withstand 
immediate and subsequent environmental vagaries. The 
reverse experience was the case at the Kono Creek restora-
tion where fertilizer was not applied before, during, and 
after planting. Exported nutrient generated in neighboring 
mangroves may have been supportive of the Bodo man-
grove growth. While majority of mangrove leaf litter is 
usually retained within the forest, a significant amount is 
also exported to near-shore and adjacent systems as organic 
carbon and nutrients (Ronnback 1999); water linkages 
between the swamps ensure inter-transference of these 
materials. It has been observed that nutrient supplementa-
tion could hasten vegetation recovery (A. Venosa, Direc-
tor of Land Remediation and Pollution Control Division, 
US Environmental Protection Agency, Pers. Comm.). As 
noted earlier, N. fruticans swamps are presumably nutrient-
deficient due to continuous nutrient removal from the soil 
by the palm without regeneration by leaf litter.

Additionally, crabs can prey severely on mangrove prop-
agules, saplings and pneumatophores (Hogarth 2007, Hoff 
2010), leading to poor recovery rates (Dahdouh-Guebaset 
et al. 1998, Isebor 2001). However, crab predation was 
unlikely responsible for the massive mortality recorded at 
the Kono restoration site as N. fruticans, which hitherto 
occupied the planted swamp, and dominates adjacent 
swamps are poorly inhabited by crabs. Crab preference 
for mangrove swamps is linked to the huge quantity of 
daily mangrove leaf litter, which resident and vagrant crabs 
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consume voraciously (Beever et al. 1979). In addition, 
immigrant crab herbivory on the planted mangrove seed-
lings during tidal flooding at Kono Creek (same for Bodo 
Creek) is also very unlikely as mangrove crabs retreat into 
burrows during high tide to avoid fish predators (Hogarth 
2007).

Some stands of the planted mangroves at the Kono 
Creek restoration site had started to produce propagules 
three years post planting. This sharply contrasts the Bodo 
Creek situation where none of the relatively luxuriant 
and taller mangroves (with better root anchorage) had 
propagules on them (Figure 6). Naturally, Rhizophora 
mangroves may start to produce seeds as early as three 
years (R.R. Lewis, Lewis Environmental Services, pers. 
comm.), and keep reproducing year round (Odum et 
al. 1982, Clarke and Johns 2002). It is plausible that 
enhanced nutrients at the Bodo restoration site stimulated 
greater investment in foliage and stem growth (including 
branching), while mangroves planted at Kono responded 
to environmental limiting stress by investing in early 
reproduction. It is also known that nutrient-limited sites 
allocate more biomass in the belowground compartment, 
while nutrient-abundant sites invest most of it in the 
aboveground compartment (Castañeda-Moya et al. 2011, 
Castañeda-Moya et al. 2013).

Conclusions and Recommendations

The results indicate that the mangrove planting trial at 
Bodo Creek was “successful” because preliminary inves-
tigations and site-specific remedial treatments preceded 
planting. The reported success was merely planting success; 
at least two decades may be necessary to evaluate mangrove 
restoration success based on vegetation’s structural features 
(Crewz and Lewis 1991, Luo and Xu 2010) and function-
ality. In contrast, though the Kono Creek restoration site 
shares similar tidal hydrology with the Bodo location, the 
‘gardening’ approach (Stevenson et al. 1999) adopted at 
the former location failed to yield similar interim planting 
success, as was the case of the latter site. Being a bypass of 
the Imo River, Kono Creek is river-dominated and receives 
greater volumes of freshwater inputs than Bodo Creek. 
This shows that even when normal hydrology is assured, 
factors such site-specific nutrient levels and swamp eleva-
tion, oftentimes overlooked, can potentially undermine 
successful mangrove restoration. The “erroneous” pre-
sumption that Kono Creek, being visually “rich”, having 
luxuriant marginal N. fruticans and having good freshwater 
hydrologic supply, did not require pre-planting investiga-
tion of basic soil physico-chemical parameters contributed 
largely to the failure recorded at the site. Preliminary soil 
quality assessment would have flagged off potential failure 
indicators, and would have warranted imperative remedial 
treatments.

Thus, in addition to Lewis and Marshall (1997) recom-
mended five steps for successful mangrove restoration 
programs, it is important to investigate site-specific sedi-
ment needs of a would-be mangrove restoration site, par-
ticularly nutrient availability, followed by removing signifi-
cant barriers to recovery. Furthermore, mangrove nursery 
should not be located too far from planting site in order 
to minimize transplanting-transportation stress. Intensive 
mangrove restoration schemes and the establishment of 
mangrove protected areas would, to a large extent, conserve 
mangroves of the Niger Delta and enhance the region’s 
coastal and inland wild fisheries and biodiversity. Focused 
research is needed to understand the functional dynamics 
of Niger Delta mangroves. This would provide scientific 
basis for developing informed mangrove management 
and conservation strategies for the region. Restoration of 
degraded mangrove areas in the Niger Delta is strongly 
recommended, in order to reactivate and/or sustain the 
region’s numerous mangrove-dependent economies.
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Castañeda-Moya, E., R.R. Twilley, V.H. Rivera-Monroy, B. Marx, 
C.  Coronado-Molina and S.E. Ewe. 2011. Patterns of root 
dynamics in mangrove forests along environmental gradients in 
the Florida Coastal Everglades, USA. Ecosystems 14:1178–1195.

Castañeda-Moya E., Twilley R.R. and V.H. Rivera-Monroy. 2013. 
Allocation of biomass and net primary productivity of mangrove 
forests along environmental gradients in the Florida Coastal 
Everglades, USA. Forest Ecology and Management 307:226–241.

Clarke, A. and L. Johns. 2002. Mangrove Nurseries: Construction, 
Propagation and Planting. Fish Habitat Guideline FHG 004, 
Department of Primary Industries, Queensland Fisheries 
Services.

Crewz, D.W. and R.R. Lewis. 1991. An evaluation of historical 
attempts to establish vegetation in marine wetlands in Flor-
ida. Technical paper no. 60. Gainesville, FL: Florida Sea Grant 
College.

Dahdouh-Guebas, F., M. Verneirt, J.F. Tack, D. Van Speybroeck, and 
N. Koedam. 1998. Propagule predators in Kenyan mangroves 
and their possible effect on regeneration. Marine Freshwater 
Research 49:345–350.

Donato, D.C., J.B. Kauffman, D. Murdiyars, S. Kuraianto, M. Stidham 
and M. Kanninen. 2011. Mangroves among the most carbon-rich 
forests in the tropics. Nature Geoscience 4:293–297.

Duke, N.C. 1992. Mangrove floristics and biogeography. Pages 
66–100 in A.I. Robertson and D.M. Alongi (eds), Coastal and 
Estuarine Studies, Tropical Mangrove Ecosystems. Washington, 
DC: American Geophysical Union.

Ellison, A.M. 2000. Mangrove restoration: Do we know enough? 
Restoration Ecology. 8:219–229.

Ellison, J., V. J. Jungblut, P. Anderson and C. Slaven. 2012. Manual 
for Mangrove Monitoring in the Pacific Islands Region. Apia, 
Samoa: Secretariat of the Pacific Regional Environment 
Programme (SPREP).

Food and Agricultural Organization (FAO). 2003. New global man-
grove estimate. www.fao.org/forestry/foris/webview/forestry2/
index.jsp%3Fgeold=0%26langid. Accessed March 12th, 2010.

Food and Agricultural Organization (FAO) and United Nations Envi-
ronment Programme (UNEP). 1981.Tropical Forest Resources 
Assessment Project: forest resources of tropical Asia. Rome, Italy: 
FAO.

Field, C.D. 1995. Impact of expected climate change on mangroves, 
Hydrobiologia 295:75–81.

Getter, C.D., G. Cintron, B. Dicks, R.R. Lewis III and E.D. Seneca. 
1984. The recovery and restoration of salt marshes and man-
groves following an oil spill. Pages 65–113 in J.J. Caines, Jr. and 
A.L. Buikema, Jr. (eds.), Restoration of Habitats Impacted by Oil 
Spills. Boston, MA: Butterworth Publishers.

Giri, C., E. Ochieng, L.L. Tieszen, Z. Zhu, A. Singh, T. Loveland, 
J. Masek and N. Duke. 2011. Status and distribution of man-
grove forests of the world using earth observation satellite data. 
Global Ecology and Biogeography 20:154–159.

Hoff, R. (ed.). 2010. Oil Spills in Mangroves: Planning and Response 
Considerations. Seattle, WA: Office of Response and Restoration, 
National Ocean Services, NOAA.

Hogarth, P.J. 2007. The Biology of Mangroves and Seagrasses New 
York, NY: Oxford University Press.

Holland, T. 1922. The useful plants of Nigeria. Kew Bulletin of 
Miscellaneous. Information 9:712–753.

Isebor, C. 2001. Restoration of mangroves in Nigeria: A case study 
of Lagos. Proceedings of the 12th Biennial Coastal Zone 
Conference, Cleveland, OH, July 15–19.

Isebor, C. 2003. The invasive and exotic species in the Nigerian 
coastal zone. Proceedings of the 13th Biennial Coastal Zone 
Conference, Baltimore, MD. July 13–17.

Jackson, L. and R.R. Lewis. 2000. Restoration of mangroves in Nige-
ria for the petroleum industry. www.mangroverestoration.com/
pdfs/Mangroves%20of%20Nigeria.pdf (accessed July 3, 2014).

Kaly, U.L. and G.P. Jones. 1998. Mangrove restoration: A poten-
tial tool for ecosystem management of coastal fisheries. Ambio 
27:656–661.

Kautsky, N., P. Rönnbäck, M. Tedengren and M. Troell. 2000. Eco-
system perspectives on the management of disease in shrimp 
pond farming. Aquaculture 191:145–161.

Kinako, P.D.S. 1989. Ecology and Conservation of Natural Resources. 
Port Harcourt, Nigeria: Belks Publishers.

Kio, P.R.O. and B.A. Ola-Adams. 1986. Utilization and development 
of wetlands. Paper presented at the UNESCO MAB-5 Nige-
ria wetlands workshop, Port Harcourt, Rivers State, Nigeria, 
3–6 May.

Lewis, R. R. 1983. Impact of oil spills on mangrove forests. Pages 171–
183 in H.J. Teas (ed.), Biology and Ecology of Mangroves. Tasks 
for Vegetation Science. The Netherlands: Springer.

Lewis, R.R. 2000. Ecologically based goal setting in mangrove forest 
and tidal marsh restoration in Florida. Ecological Engineering 
15:191–198.

Lewis, R.R. III. 2005. Ecological engineering for successful manage-
ment and restoration of mangrove forest. Ecological Engineering 
24:403–418.

Lewis, R.R., Gilmore Jr., R.G., Crewz, D.W., and W.E. Odum. 1985. 
Mangrove habitat and fishery resources of Florida. Pages 281–
336 in W. Seaman (ed), Florida Aquatic Habitat and Fishery 
Resources. Kissimmee, Fl: Florida Chapter American Fisheries 
Society.

Lewis, R.R. and M.J. Marshall. 1997. Principles of successful resto-
ration of shrimp Aquaculture pond back to mangrove forest. 
Page 126 in Programa/Resumes de Marcuba. La Habana, Cuba.

Lewis, R.R. and W. Streever. 2000. Restoration of Mangrove Habitat. 
Tech Note ERDC TN WRP-VN-RS-3. Vicksburg, MS: US Army, 
Corps of Engineers, Waterways Experiment Station.

Lugo, A. E., N.G. Cintro and C. Goenage. 1981. Mangrove ecosystems 
under stress. Pages 129–153 in G.W. Barret and R. Rosenberg 
(eds.), Stress and Natural Ecosystems. New York, NY: John Wiley.

Lugo, A.E. and S.C. Snedaker. 1974. The ecology of mangroves. 
Annual Review of Ecology and Systematics 5:39–64.

Luo, Z. and H. Xu. 2010. A comparison of species composition and 
stand structure between planted and natural mangrove forests in 
Shenzhen Bay, South China. Journal of Plant Ecology 3:165–174.

Mazda, Y., D. Kobashi and S. Okada. 2005. Tidal-scale hydrodynam-
ics within mangrove swamps. Wetlands Ecology and Management 
13:647–655.

McKee, K.L. and P. Faulker. 2000. Restoration of biogeochemical 
function in mangrove forests. Restoration Ecology 8:247–259.



256  •    September 2016  ECOLOGICAL RESTORATION  34:3

Moberg, F. and P. Ronnback. 2003. Ecosystem services in the trop-
ical seascape: Ecosystem interactions, substituting technolo-
gies, and ecosystem restoration. Ocean and Coastal Management 
46:27–46.

Moreno-Mateos, D., M.E. Power, F.A. Comin and R. Yockteng. 2012. 
Structural and functional loss in restored wetland ecosystems. 
PLoS Biology 10: e1001247.

Netherlands Engineering Consultants (NEDECO). 1961.The Waters 
of the Niger Delta. Reports of an investigation by NEDECO. The 
Hague, The Netherlands.

Odum, W.E., C.C., Mclvor and T.J. Smith. 1982. The ecology of the 
mangroves of south Florida: A community profile. Washington, 
D.C.: U.S. Fish and Wildlife Service. Office of Biological Services.

Onwugbuta-Enyi J, N. Zabbey and E.S. Erondu. 2008. Water qual-
ity of Bodo Creek in the lower Niger Delta basin. Advances in 
Environmental Biology 2:132–136.

Pegg, S. and N. Zabbey. 2013. Oil and water: The Bodo spills and 
the destruction of traditional livelihood structures in the Niger 
Delta. Community Development Journal 48:391–405.

Quilici, A., C. Infante, J. Rodriguez-Grau, J.A La Schiazza, H. Bri-
ceno and N. Pereira. 1995. Mitigation strategies at an estuarine 
mangrove area affected by an oil spill. Pages 429–433 in Pro-
ceedings of the 1995 International oil spill conference, Achiev-
ing and Maintaining Preparedness. Long Beach, CA: EPA/API/
USCG,IMO IPIECA.

Robertson, A.I., D.M. Alongi and K.G. Boto. 1992. Food chains and 
carbon fluxes. Pages 293–326 in A.I. Robertson and D.M. Alongi 
(eds), Tropical Mangrove Ecosystem. Coastal and Estuarine Stud-
ies No. 41. Washington, D.C.: American Geophysical Union.

Robertson, A.I. and N.C. Duke. 1990. Mangrove fish-communities 
in tropical Queensland, Australia: Spatial and temporal pat-
terns in densities, biomass and community structure. Marine 
Biology 104:369–379.

Ronnback, P. 1999. The ecological basis for economic value of sea-
food production supported by mangrove ecosystems. Ecological 
Economics 29:235–252.

Ronnback, P., B. Crona and L. Ingwall. 2007. The return of ecosystem 
goods and services in replanted mangrove forests: perspective 
from local communities in Kenya. Environmental Conservation 
34:313–324.

Rovai, A.S., E.J. Soriano-Sierra, P.R. Pagliosa, G. Cintron, Y. Schaef-
fer-Novelli, R.P. Menghini, C. Coelho-Jr, P.A. Horta, R.R. Lewis 
III, J.C. Simonassi, J.A.A. Alves, F. Boscatto and S.J. Dutra. 
2012. Secondary succession impairment in restored mangroves. 
Wetlands Ecology and Management 20:447–459.

Rubin J.A., C. Gordon and J.K. Amatekpor. 1999. Causes and conse-
quences of mangrove deforestation in the Volta estuary, Ghana: 
Some recommendations for ecosystem rehabilitation. Marine 
Pollution Bulletin 37:441–449.

Saenger, P. 2002. Mangrove Ecology, Silviculture and Conservation, 
Dordrecht, The Netherlands: Kluwer Academic Publishers.

Sathirathai, S. and E.B. Barbiar. 2001. Valuing mangrove conser-
vation in Southern Thailand. Contemporary Economic Policy 
19:109–122.

Spalding, M., M. Kainuma and L. Collins. 2010. World Atlas of 
Mangroves. London, UK: Earthscan.

Society for Ecological Restoration (SER). 2002. SER International 
Science and Policy Working Group. The SER Primer on Eco-
logical Restoration www.ser.org/content/ecological_restoration_
primer.asp.

Stevenson, L. J., R.R. Lewis and P.R. Burbridge. 1999. Disused 
shrimp ponds and mangrove rehabilitation. Pages 277–297 
in W.J. Streever (ed), An International Perspective of Wetland 
Rehabilitation. The Netherlands: Kluwer Academic Publishers.

Sunderland, T.C.H. and T. Morakinyo. 2002. Nypa fruticans, a weed 
in West Africa. Palms 46:154–155.

Teas, H. J., R.R. Lessard, G.P. Canevari, Brown, C.D. and R. Glenn. 
1993. Saving oiled mangroves using a new non-dispersing shore-
line cleaner. Pages 147–151 in J.O. Ludwigson (ed.), Proceed-
ings of the 1993 International Oil Spill Conference, Prevention, 
Preparedness, Response. Tampa, FL: USCG, API, EPA.

Thomas, B.E. and R.M. Connolly. 2001. Fish use of subtropical salt-
marshes in Queensland, Australia: Relationships with vegeta-
tion, water depth and distance onto the marsh. Marine Ecology 
Progress Series 209:275–288.

Tomlinson, P.B. 1986. The Botany of Mangroves. Cambridge, UK: 
Cambridge University Press.

Twilley R.R. 1995. Properties of mangrove ecosystems related to the 
energy signature of coastal environments. Pages 43–62 in C.A.S. 
Hall (ed), Maximum Power: The ideas and Applications of H.T. 
Odum. Niwot, CO: University Press of Colorado.

Vance, D.J., M.D.E. Haywood, D.S. Heales, R.A. Kenyon, N.R. Lon-
eragan and R.C. Pendrey. 1996. How far do prawns and fish 
move into mangroves? Distribution of juvenile banana prawns 
Penaeus mergulensis and fish in a tropical mangrove forest in 
northern Australia. Marine Ecology Progress Series131:115–124.

Venosa, A.D., M.T. Suidan, B.A. Wrenn, K.L Strohmeier, J.R. Haines, 
B.L. Eberhart, D.W. King and E. Holder. 1996. Bio-remedia-
tion of experimental oil spill on the shoreline of Delaware Bay. 
Environmental Science and Technology 30:1764–1775.

Venosa, A.D. and X. Zhu. 2005. Guidelines for the remediation of 
oil-contaminated wetlands, marshes, and marine shorelines. 
Pages 141–172 in M. Fingerman and R. Nagabhushanam (eds), 
Bioremediation of Aquatic and Terrestrial Ecosystems, Erifield, 
NH: Science Publishers.

Wolanski, E. 2007. Estuarine Ecohydrology. Oxford, UK: Elsevier.
Wolanski, E. and K.G. Boto. 1990. Mangrove swamp oceanogra-

phy and links with coastal waters. Estuarine Coastal and Shelf 
Science 31:503–504.

Zabbey, N. 2008. Shrimp farming in Nigeria: implications for man-
groves and rural livelihood in Niger Delta. Pages 19–21 in 
A. Oluwafemi (ed), Global Hunger: is Food for Man or Machine? 
ERAction magazine. www.cehrd.org/files/EXPORTING_
SHRIMP_FARMING_TO_NIGERIA.doc.

Zabbey, N. 2012. Spatial and temporal variability in interstitial water 
quality of soft-bottom flats at Bodo creek, eastern lower Niger 
Delta, Nigeria. Tropical Freshwater Biology 21:83–103.

Zabbey N. and A. I. Hart. 2011. Preliminary checklist of macrozoo-
benthos of Bodo Creek in the Niger Delta, Nigeria. Nigerian 
Journal of Fisheries 8:271–283.

Zabbey, N., A.I. Hart and E.N. Ezekiel. 2014. Interstitial nutrient 
fluxes in Niger Delta soft bottom tidal flats: Implications for 
interfacial regeneration and local productivity. World Journal 
of Fish and Marine Sciences 6:40–48.

Zabbey, N., A. I. Hart and E.S. Erondu 2010. Functional roles of 
mangroves of the Niger Delta to the coastal communities and 
national economy. Pages 115–118 in Ansa, E.J., H.A. Fashina-
Bombata and P.E. Ndimele (eds), Proceedings of the 25th annual 
conference and fair of the Fisheries Society of Nigeria (FISON), 
Lagos, Nigeria.



September 2016  ECOLOGICAL RESTORATION  34:3    •  257

Zabbey N, A.I. Hart and W.J. Wolff. 2010. Population structure, 
biomass and production of the West African lucind, Keletistes 
rhizoecus (Bivalvia, Mollusca) in Sivibilagbara swamp at Bodo 
Creek, Niger Delta, Nigeria. Hydrobiologia 654:193–203.

Zabbey, N. and M. A. Malaquais. 2013. Epifauna diversity and ecol-
ogy on intertidal flats in the tropical Niger Delta, with remarks 
on the gastropod species Haminoea orbignyana. Journal of 
Marine Biological Association of the United Kingdom 93:249–257.

Zeven, A.C. 1973. The introduction of the Nipa palm of West Africa. 
Journal of the Institute of Oil Palm Research 5:35–36.

Nenibarini Zabbey (corresponding author), Department of 
Fisheries, Faculty of Agriculture, University of Port Harcourt, 
East-West Road, PMB 5323, Choba, Rivers State, Nigeria, 
nenibarini.zabbey@uniport.edu.ng. 
 
Franklin B.G. Tanee, Department of Plant Science and Bio-
technology, Faculty of Biological Sciences, College of Natural 
and Applied Sciences, University of Port Harcourt. P.M.B. 
5323 Choba, Port Harcourt, Rivers State, Nigeria.

Nypa fruticans. J. Lindley. 1853. The Vegetable Kingdom. London, UK: Bradbury & Evans. fcit.usf.edu.


