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Abstract
The study aimed at determining the magnitude @fnge of the mangrove forest ecosystem in the
coastal communities of Calabar. Also, this studgineixed the volume of mangrove trees exploited ley th
inhabitants of the study area. Five communitiesllyigioted for the exploitation of mangrove in thhreawere
used for the study — Anantigha, Efut Obufa Esulhiam-Duke Town, Henshaw town and Mbukpa Akani Esuk
orok. Volume of wood exploited and which was deiaed by the researchers using the single tree stgenp
volume with the formula,
nG?
T X Ht
Where 1= 3.143 G= Girth at breast height”) and Ht = Tree height (M). However, Tariff ratelpand
merchantable tree (logs), height, were gatherad fre Monthly tree Analysis Report of Forestry Deypeent in
Calabar. In order to establish trend of mangrovediochange over years, a multi-temporal image dathe
mangrove vegetation covering the area (1970 — 2@4s%)acquired and processed. These Include: a fiepbs
(1970) derived from an aerial photo of 1970, Landsegery 1970, 1986, 2011 at 30m resolution. Ttdzge
sets were geo- referenced into a common framewoik G.1.S environment (Arc. GIS 9.3) after whicleyh
were digitized and delineated into mangrove classi other Non — Mangrove classes (Fresh Water Sywamp
Nypa palm, Farm land and so on.) The Landsat inyagas also treated likewise. Intersection openatiof the
above data sets were carried out to determinehtaege in mangrove area coverage between the diffénee
periods in consideration (1970, 1991 and 2011).
Indices of mangrove forest change which inclutlgensity Index, or potential trend which is givien
T;= Upi — Uy, (1, 2...8) was computed, dynamic index whose foenisilk = U,; — U, X Y1 x100%, 1, 2....8)
was equally determined and finally the Contributiate of change given as A U, — Uy > (Up — Uy) was
analyzed.
The result of analysis revealed among other things.
i. The rate of areal change of mangrove ecosystenbé®s in the neighbourhood of -2.75kbetween
1970 and 1990 and -32.12kietween 1991 and 2011.
i. The areal cover of Nypa palm has been on increase 8.04kmi between 1970 and 1990 to 31.86
between 1991-2011.
iii. With mean value of total annual number of mangtoges exploited was put at 6225. It was discovered
that eleven years (2001-2011) recorded over expioit.

Introduction

Mangrove forests are estuarine ecosystems in teetidal and tropical sub tidal shallow zones loé tworld.

They cover about 18 million hectares (Ukpong 2G8¥A).6 percent of all inland forests across thbglGanger
et al 1986). Originally, mangrove dominated oveo-thirds of the earth’s tropical and subtropicahsts. But
today, less than half of this portion is left doehuman interferences. From an estimated remna22 afillion

hectares of mangrove worldwide, 17 per cent isetuly located in Africa (Aksornkoae, 1998). Ukpof2®07)

indicated that Nigeria has the largest mangrovestoin Africa being the third largest mangrovehe World

covering a total of 999,400 hectares along the \Adahtic coast of Africa.

Once dismissed as swampy Wastelands, mangrow&dquerform multiple ecological functions as the
production of woody trees, provision of food an@wping grounds for fish and shellfish; provisionhatbitats
for birds and other valuable fauna. They also ptateastlines and aid in the accretion of sedimenfsrm new
land (Hamilton et al, 1984). Some of these funditvave benefits far beyond the geographical lirhithe
mangrove zone itself.

Quite disheartening from observation is the tengemong humans to explore, exploit and manipulate
mangrove forests beyond their ecological tolerarRmessures resulting from population growth, imprbv
technology in resource exploitation and utilizatieaonomic development and urban expansion haveeskto
be seriously impacting on the mangrove ecosystéres. preponderance of human activities such as,lypoor
executed logging operation, land reclamation amesion into slumps farms; fishponds and privaitraof
these marginal lands for development purpose datesthreat to the forest of the study area.
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For some time now, emphasis on both global anadnegjiscales in the study of all aspects of forelstry been
on upland forest with little or no focus on mangras a unique ecosystem in its own right. Thisaiin
revealed itself in Calabar South of Cross RiveteStiated back to the colonial days where seveeasaof its
eco-zones in the tropical High forest were desigmhats forest reserved for conservation and protedi their
biological richness, but in the case of mangrovesgstems of the coastal communities of Cross Rbtate it
was left out. Being in this status, the mangramedgt of Calabar south was regarded as a “forgdisdmitat”
except for all sorts of socio economic activitiesl anterferences by the inhabitant of the area udet it as a
source of livelihood. Between 1980 and 2006 a guanf the mangrove in West Africa was said to have
disappeared and it is expected that loss raterisél to as much as 70 per cent, if no measuretakea. The
degradation of this ecosystem has a consideralgadton biological diversity and the socio-econoattivities
depending on it. Such impacts include: the disammea of species of fauna and flora, poverty, egmpént and
disputes. In view of the high tendency now regagdnangrove deforestation, the area of Nigeriangrames
(calabar south inclusive) has dropped from 9,990tari7,386km between 1980 and 2006 (World Rainforest
movement 2009). Nypa palm (Nypa frutican) intragtlign Calabar (Eastern Niger Delta) in 1906 isrtgki
replacement now by expanding and spreading intaléyggaded mangrove areas over the past few decades.
significant aspect of the distribution and sprebthe palm is the near complete absence of mangreyetation
in the places that the palm has effectively colediz Going by the rate of spread of the palm, thplacement
of native Rhizophora mangrove vegetation by thengtialm is gradually leading to habitat alteragol loss in
mangrove productivity (World Rainfoest Movement,090 Perhaps, the massive destruction of mangrove
associated with military use of herbicides in Vatndecades ago, spurred a new zeal among Asianistsgo
research into the possible implications of this kial@some practice of man on mangroves. Althoughk&ke
(2003) had beamed his searchlight on measures w@rfyoreduction among communities in the mangrove
regions of Nigeria, the approach adopted like tfaithers veered away from providing deeper insigtd the
trend of destructions and their related consequgeocéhe environment and man.

In other words, it implies that a reasonable whes been done but not enough especially in the
associated area of change rate of the mangrovgsteos of Calabar south, Cross River State of Négédence,
the gaps this study tends to fill

Objectives of the study
The objectives of this study include:
i. To determine the rate of mangrove forest changledrarea over time.
ii. To determine the number and volume of mangroves tegploited by the inhabitants of Calabar South.
iii. To map out the change in mangrove forest ecosystemthe years.
iv. To examine annual variation in the exploitatiom@ngrove trees.
Study Area

Calabar South Local Government is the study altes. located along the Nigeria-Cameroon coast
between Latitude %4 55'N and longitude 816’E being part of the Calabar mangrove EstuargeariVest
African mangrove sub formation (Ukpong 1995). Lbgait is bounded to the north, east and west blakea
Municipality and Odukpani Local Government Areaspectively. It is bounded to the south east by Akiya
L.G.A.

The area is flanked on its eastern and westernebmroly two rivers, the Great Kwa and Calabar River
respectively and to the south, by the Atlantic Gcea

The climate of the area is humid tropical althouginfall occurs throughout the year. The place
experiences double maxima, rainfall regime in dulg September (1880 mm), the lowest rainfall vabfe10
mm occur from December to February (Met; serv. 198Be temperature is uniformly high with a maximofm
30°C and minimum of 2. The area has a high relative humidity usuallyvben 80% and 100% and vapour
pressure in the air averaged 29 millibars througltioe year. High salinity (3.8 + 0.4%) is limited the dry
season while lower salinity (0.5 + 0.6%) occursthe rainy season (Ukpongl1995). Tidal amplitudeha t
estuary ranges from 2.01m at spring tides to 1.87neap tides (Nigerian Navy 1986).

The present settlement starts from the moutthefestuarine coastline and projects to the himtdrla
and it's growth to the south is limited by the meovg swamps. Fallow land is available only eastwand to
the Great Kwa River and northward. The area imarflurial settlement, typical in this part of theuntry built
on high area between two adjacent rivers. Thistiocal advantage permits easy access especialyghr
waterways for intending migrants who are mostifadisnen and traders in wood and craft items to tea.a
However, the swamp as a whole varies by less them5D0 metres in elevation except on the uplamdsio
ecotone where abandoned levees may exceed lin H@8tukpong 1995).

The settlement pattern following the order abokesahe linear shape except within and extendikg26f the
mangrove forest area to the Atlantic ocean, somastaled fishing settlement pattern are identififteiwise
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known as Ine (Fishing port). The presence of tliisking settlements in the area provided andifatéd easy
access into the mangrove forest for rapid exploitabf its resources leading to increased depletibithe
ecosystem.

Geologically, the area is composed of tertiarydyaseposits of fluvio-marine origin. These are tser
by quaternary silty and clayey alluvium eroded frorassive pre-Cambrian rocks of Oban hills in thislotts.
This characteristics poorly consolidated, non cifeeand porous rock formation permits large accatih of
water through constant and occasional floodinghef ¢cological zone. Floodwater recession or tidakeat
permits deposition of alluvial fans and levees gutipportive of plant growth. It accounts for octignal
engagement in market gardening among dwellers.sbiig are sandy; light hued in some location, bayey,
muddy, dark grey in colour, water logged and boggy.

However, saline mangrove soils, developed on madd ®r peat at the mouths of estuaries inundaged b
tropical tide water’s (Ukpong1995).But more acidlssis identified to be associated in the zonatidrNypa
fructican, Rhizophora species dominance (Ukpong 1995).

The predominant vegetation type is mangrove. Thegrove flora consists of trees and shrubs of few
general varying species. The common genudghigophora with three:R racemosa, R harisonii and R. mangle.
The dominant feature of mangrove is the stilt ramt®Rhizophora species. Associated with these speaie
Avicennia africana and Lagunculeria racemosa. There are also palm®rodococcus bateri, Ancistrophyllum
opacum and the gregarious and aggressiNgpa frutican. Salt marshes and sea grasses interact with the
mangrove forest to support the entire coastal Zdeace, because of its status of composition andtste it is
known to be part of the most complex vegetationctvtis the northernmost limits of the Mangrove gtowt the
Cross River estuary (Ukpong 1995)

This complex plant community of wetland origin feed an ecological niche for reptiles, monkeys,
birds, fishes, shrimps, mollusks, and other witdliThus, it is often harvested for wood, fuelwothnin,
leaves, fibers and dyes. Mangrove environment itiqudar is important for inland fisheries, serviag highly
productive habitat for shell and finfish. Theseomfi the migration of fishermen from Delta, Akwa hband
Akpabuyo to settle and take advantage of the ugply at this point (Nest 1991).

Its estimated population in 2007 stands at 191PC 2006); In-migration has formed the major
source of its population growth. The immigrant coamities include Ibibio, Oron, Ibo, ljaw, Anang, ldtho,
and other tribes within and outside Nigeria. Despite ethnic intermix, a fraction of indigenous plagion
mostly of the Efiks/Efut extraction are found iretlocality. This wave of migration brought alongankying
perception of interaction with the environment. Slscenario contributed immensely in the remakinghef
greater part of the mangrove ecosystem.

The rural people engaged in artisan fishing ared dhitivation of vegetables, cassava and maize at
commercial and subsistence level. Fishing is daiegusmall nets to catch even fingerlings. Shriemprning is
also in vogue. It involves clearing/cutting dowre thvailable mangrove forest or aquatic fauna fokinga
ponds. Logging and lumbering of fuel wood for cluaicProduction sales and also for timber are common
practices. The fish species are lbat/Ekgzthifalosa fimbrata). The bonga and flat Cameroon Sardige (
Cammeronesis). Commercial shrimps and prawns found here amk Bfirimp Penacus duorarum), salt water
prawns Newmatopalaema spp) among others.

Economic wood species harvested are; mangrove, ghch Oxystigma spp), Owen Mitragyna spp),
Camwood Pterocarpus spp), Mkpenek Uapaca spp) and so on (Fayemi et al 2005).

Method Of Study

Data collected essentially on the quantity (sod) of Mangrove wood exploited and the areal extent
of Mangrove depleted as well as the number of mamgtrees exploited annually. The principal sowfdata
was from field work conducted by the researchetisngry source.)
Secondary sources of data to compliment primarycgowvere from multi temporal image data (Landsat
Imagery, Orthophoto maps and Topographic Maps.eGtlvere; tree girth, height, tariff rates and neratof
trees (merchantable and pole) from monthly tredyaisaof forestry department.
Reconnaissance survey of the study area to obdes\aocio- economic activities and the states @inlangrove
forest was carried out. Outstanding age long staklehs of mangrove forest at different locationsreve
contacted to assist provide information. Volumewafod were computed and determined by the researcher
using the single tree stumpage volume formula,

nG?

— X Ht
4

Where= 3.143 G= Girth at breast height”) and Ht = Tree height (M). However, Tariff ratelpand
merchantable tree (logs), height, were gathered flee Monthly tree Analysis Report of Forestry Daypeent in
Calabar. In order to establish trend of mangrovesiodepletion (loss) over years, a multi-temporeglge data
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of the mangrove vegetation covering the area (:9722D08) was acquired and processed. These Inchude:
Toposheet (1970) derived from an aerial photo 0889 andsat imagery 1970, 1986, and 2008 at 30m
resolution.

These data sets were geo- referenced into a corfrarmework in a G.1.S environment (Arc. GIS 9.3)
after which they were digitized and delineated imangrove class, and other Non — Mangrove clasgesH
Water Swamp, Nypa palm, Farm land and so on.) LEmelsat imagery was also treated likewise. Inté¢icec
operations of the above data sets were carrietbodétermine the change in mangrove area coveretgeén
the different time periods in consideration (191086 and 2008). An area time series of mangrovesfor
depleted over the years was analyzed and predistioa made into the future.

Ground truthing exercise was also carried out uging. S. for confirmation of vegetation statuseasn point
of coordinates.

Indices of mangrove forest change which includetensity Index, Dynamics Index of land use typel an
Contribution rate of change were determined acogiyiusing the formulae: Change Intensity IndexisTis
defined as a percentage that an area of land-as®yelis divided by the total land area in the spehyod. It is
used to compare the strength of land use chanpetential trend. It is given as;

Ti= Ubi - Uain (1, 28) ............... (1)

Dynamic index of land use type: Land-use type gh&mic Index is the rate of change for a certape tgf
land-use in the study area within a certain tinhéctvis given as;
Ki = Uy — Uy x Y7 x100%, (1, 2....8) ........ 2)

Contribution rate of change: the contribution rafechanges is the percentage that the certain type

land—use changes contributes to the total landthigege in the same period. It is given as;
2 (Upi — Uy)

Where; T = the intensity of'th land use type changes in study period. Udienotes the i'th land —use type
area at the beginning
Ui denotes the i'th land — use type area at the gn@in denotes the total area of the study ardasag¢tding.
Ki Denotes dynamic index for a certain land — usegypithin study perioddi denotes the contribution rate of
changes of the i'th land land-use type within stpdgiod; T denotes the study period
>=Summation. (Wang 2010). The mean valug as used as a benchmark or theoretical framewmrk
determine under exploitation or over exploitatidnntangrove trees. Any value of mangrove trees ébqulo
annually above the mean represent over exploitatind the value below the mean is taken for under
exploitation.

Data Presentation and Discussion of Findings
The Rate of Mangrove Forest Change Over the Years

From table 1, the result reveals that the rat@afigrove change during the period (1970-1990)0/45km2
which represent 2.66% of the area change while9Bi112011 there was a tremendous increase in tkeofat
change indicating that each year within this perlof9 knf of mangrove was being depleted representing
31.12% of the entire areal change. In this casedhgpetitive rivalry in land cover replacement Wwaga palm.
Hence, any minus (negative indication) in mangroweer is likely to be a plus (positive indicatiam) Nypa
palm first as colonizers. Therefore judging frone tlesult in the two time period of study 1970-201991-
2011, the differences in the percentage of areagehaf 2.66% and 31.12% respectively as also espdes the
map (Fig 2, 3 and 4.) denotes a clearer resultligathanges in the mangrove forest coverage abaakouth is
very significant. In comparison with other landsentype changes also, it concludes that theresigraficant
difference in the rate of mangrove forest depletiwer the years .This is confirmed by the indiceslys of
mangrove forest change (change intensity index,abByo change index and contribution rate of chafigblée
2).
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Table 1: Change Rate of Mangrove Forest and Othed ICover (1970-1991-2011)

Cover types Cover | Cover | Area Rate of| Area Cover | Area Rate of| Area
status | status | change| change | change | status | change| change | Change
1970 1991 | 1970- | per year| (%) 2011 1991- | per year (%)
(Km? 1991 | (Km?) (Km?) | 2011 (1970-
2
(Km®) Km? | 2011)
Mangroves 72.69 69.94 -2.75 0.145 2.66 37.82 -32.12691 34.87
Nypa 18.27 21.31| 3.04 0.16 2.95 53.57 32.26 1.70 35.
Palm
Farm Land 0.7 1.00| 0.3 0.02 0.29 3.22 2.22 0.12 521
Raphia palm 1.0 1.01| 0.01 0.001 0.01 1.04 0.08 2.00| 0.03
Built up 5..59 6.10 | 0.51 0.027 0.49 8.77 2.67 0.14 | 2.59

Table 2: The indices of mangrove forest changeinatiee study area

Index 1970-1990 1991-2011 1970-2011
Area change (KR) -2.75 -32.12 34.87
Change intensity index (%) 2.66 35.97 38.63
Dynamic change index (%) -0.20 -2.79 2.99
Contribution Rate of Change(%) 35.62 49.92 85.5

From the analysis, the percentage change in mangrove femestystem compared to the total land area in the

study site within the study period of 21 years whig denoted by the change intensity index is 3p&&ent.
Also, within this period of study irrespective dher land use types, mangrove forest ecosystene alloanged
as indicated by the dynamic index of change 2.9@ dhanges in mangrove forest ecosystem in rel&didime
changes in other land use types within the studiogpevas 85.5 percent. Thus, it could summed up tther
changes in mangrove forest ecosystem has beenkadole@pver the years.
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Growth of Nypa Over Mangrove During the Period of Sudy

Table 3: Mangrove and Nypa Growth in the study area

LAND 1970 1991 2011

COVER (sz) (sz) (sz)

TYPES

Mangrove 72.69 69.94 37.82

Nypa Palm 18.27 21.31 53.57

Source: Authors Field Report 2011.
Area (knf)
70 - ~—
60 -
50 -
40 - =¢==Mangrove
30 - == Nypa Palm
20 - [—
10 -
0 T T
1970 1991 2011 Years
Fig 5: A graph showing Mangrove and Nypa Growtlthia study area.

As table 3 and figure 5 shows, in 1970, mangrow@ipied an area of 72.69kras against Nypa with 18.27km

In 1991, mangrove had a total area of 69.94knd Nypa 21.31kfn But in 2011, the areal expanse of Nypa

overshot that of mangrove with Nypa having a tatala of 67.22kfand mangrove 42.83KmOn the whole,
this analysis indicated that Nypa has been growirgdusely in the study area to occupy the placgimaily
covered by mangrove. That is why the trend linégare 5 which indicated the growth of mangrove &hgha

shows that of Nypa always going up and that of marggtending downwards.
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Annual Volume and Number of Mangrove Trees Extracte
Table 4: Summary of volume & number of trees exrdover the years

Total no of tree!| Differences % Annual volume
S/no Years extracted between years | difference | extracted (M3)
1 1991 3792 11,747.7.
2 1992 470¢ 91¢€ 19.4¢ 8,448.5
3 199: 473 25 0.5t 6888.9!
4 199 476( 27 0.517 7,237.2
5 199t 48¢ -91 1.8¢ 7911.9
6 199¢ 489 41 0.8¢ 6599.2¢
7 1997 499t 102 2.0¢€ 9375.14
8 199¢ 518¢ 192 3.7¢ 808t
9 199¢ 521( 22 42.2: 4474.9:
10 200( 594/ 734 12.3¢ 9236.4°
11 2001 6292 34¢ 5.5¢ 7227.8
12 200z 728¢ 994 13.6¢ 6407.6.
13 200: 743¢ 152 2.0¢ 6662.3
14 200¢ 748( 42 0.5¢€ 6079.7!
15 200¢ 7491 11 0.1f 6453.6!
16 200¢ 753¢ 47 0.62 5959.3!
17 2007 7561 23 0.2 5396.6!
18 200¢ 760¢ 47 0.62 5114.8
19 200¢ 7637 29 0.3¢ 3923.5!
20 201( 782( 18: 2.3¢ 2910.4¢
21 20117 750( -32( 4.27 2820.7!
TOTAL 130,72 1,38,962.3

Source: Department of Forestry, Calabar South L.G.A
Table 4 indicates the number and volume of tredsaeted for 21 years. The volume of mangrove trees
exploited was established at 1,38,962.3@ile the total number of trees harvested was7I30D, It is suffice to
note that the total number of trees cut annually been progressive over the years from 1991-2077DZ3
7500).

The highest percentage difference in the numbérees extracted within the grouping period of years
(1991-2011) were recorded as follows: 1999 was31pet cent, 1992 had 19.46 per cent and 2000 HelrRp
per cent. A drop in the number of trees cut waskexl from (2003-20009). The least of 0.3 per aer2007
and 4.27 per cent in 2009 was observed. The indicaere is that the forest is highly depletedeoent times.
However, it should be noted that based on the ctatipn of the single tree volume, the number oédreut
annually over a given area does not determinedhene derived, rather the higher the Girth size laeight of
tree in an area, the higher the volume per treevaselversa. For instance in 1991, annual wood melwas
11,747.74M from 3,792 trees exploited while 2011 — volume 2880.76M from 7500 trees exploited. The
implication here is that the matured trees werdanger reached for harvest. Hence, under -girtbstngere
exploited due to long distances to ready matured ttestinations which is now located around Abana
Bakassi and boundary of Nigeria and Cameroon r@pablobserved in the field
Annual Variation in Mangrove Exploitation

From figure 5 and table 5 below, it could be séwat exploitation of mangrove has been very rapid in
the area. The mean value for the number of mandrees exploited for the period of 21 years wasb6Based
on this value, 10 years (1991-2000) recorded etgglon of mangrove below the mean value. The reésoihis
low exploitation of mangrove trees from 1991-201dsvthat at this time, there was still importatidrtimber
generally in the country to complement the existmgpd for construction purposes. However, from ybar
2000when there was ban on importation of timbeerghwas therefore immense pressure on mangrove
exploitation to provide wood needed for construtémd other purposes. Also, observations in the fevealed
that during this period, the price per litre of dsgne used for domestic heating increased so thest dor
mangrove as an alternative source of energy eqimaifgased. This led to the pressure on mangrotleeistudy
area. The trend in mangrove exploitation incregseahendously till the close of 2010 when the Crsger
State Government banned logging generally in th ghat the state started witnessing a reversakingrove
ecosystem destabilization.
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Table 5:
Years No of Trees No of Trees-Mean No of Trees —-Me#&Squared)
X X X-X~ (x-x)?
1991 3792 -4233 5919489
1992 4708 -1517 2301289
1993 4733 -492 2226064
1994 4760 -1465 2146225
1995 4850 -1375 1890625
1996 4892 -1333 1776889
1997 4995 -1230 1512900
1998 5188 -1037 1075369
1999 5210 -1015 1030225
2000 5944 -281 778961
2001 6292 67 4489
2002 7286 1061 1125721
2003 7438 1213 1471369
2004 7480 1255 1575025
2005 7491 1266 1602756
2006 7538 1313 1723969
2007 7561 1336 1784896
2008 7608 1383 1912689
2009 7637 1412 1993744
2010 7820 1595 2544025
2011 7500 1275 1625625
> =130723 X'6225 > =35771344
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Figure 5: Annual Variation in Mangrove Exploitatishowing the Mean Value as a Theoretical Benchrfark
Determining Level of Exploitation.
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Conclusions

It is suffice to note that mangrove forest ecosystlange in Calabar is increasing rapidly overyiers. This
process is bound to continue in as much as there ferest management plan in the area. It wa®dised that
there is relative absence of enforced governmegulatory and monitoring mechanisms which shouldrbe
collaboration with Local Communities to carry ouffeetive mangrove reformation and biodiversity
conservation programmes in the study area. Thisasie has ultimately left the mangrove ecosystenthi
hands of destroyers with the attendant consequesfcéi®oding and loss of biodiversity among otheits.
becomes imperative therefore to suggest herelikagtrotection of the mangrove ecosystem shouldterded
priority by the government because of its role asitat for both flora and fauna.
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