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Abstract

This article demonstrates the urban anthropogenic threats and their impacts
on Sainte Marie (Eastern Madagascar) mangrove ecosystem. In addition to
conducting interview with 158 residents, floristic inventories were carried out
in order to compare the mangrove structure between a control site and
another one that was impacted by Belle Vue dyke (south of the District
downtown) rehabilitation. From 2003 to 2014, the island of Sainte Marie lost
0.47% per year of its mangrove area. 87% of the harvested resources from this
ecosystem are fish products and are related to human nutrition. The man-
grove is used as a dumping ground for liquid and solid waste in the lots of
Saint Joseph and La Pointe. Defecation in the open air is topical under the
island’s mangrove forest. A very weak resilience of the mangrove impacted by
the rehabilitation of Belle Vue dyke was noted. Indeed, regenerations of Bru-
guiera gymnorrhiza and Ceriops tagal have struggled to rebuild. The total
height and diameter of impacted trees decreased by 37.2% and 44.3%, respec-
tively. The development of an updated urban master plan, including man-
groves in the related zoning process is an imperative measurement for the
conservation and/or valuation of existing lots.

Keywords

Mangrove, Sainte Marie, Urban Planning, Urban Threats, Resilience,
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1. Introduction

With 172 ha of mangrove forest, equivalent to 4% of mangroves on the East
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coast of Madagascar and 0.6% of the entire territory of Sainte Marie island, the
mangrove of the latter is in fourth position in terms of area, after the Irodo,
Ambodivahibe and Rigny complex, which includes 90% of mangroves in eastern
Madagascar (Rakotomavo, 2018; Rakotomavo, Rasoamanarivo, Andrianoelisoa,
Razafimamonjy, Razafinarivo, Razanajaza, Rafilipo, Betsiafindra, Maro, Ralai-
zandriarison, Randriamiarina, Sangotra, Randrianarisoa, & Rakotoson, 2018;
Rakotomavo & Rasoamnarivo, 2018). Except the few works carried out by Ra-
kotomavo & Rasoamanarivo, 2018; Cétamada, 2014; Andriantsoa, 2017, the isl-
and’s mangrove lots were little studied. However, this ecosystem of eastern Ma-
dagascar holds an important place (Andrianoelisoa, 2017) and a multitude of is-
sues, both ecologically and socio-economically and territorial planning (Rako-
tomavo, 2018). Geographically located in the Indian Ocean, the Malagasy island
of Sainte Marie is a tourist town of 27,200 inhabitants and dense of 100 inhabi-
tants km™> (Rasoamanarivo, 2017). Growing in a warm (average annual temper-
ature of 25.5°C) and humid (3369 mm of annual rain) tropical climate where
there is no dry season (Rasoamanarivo, 2017), its mangrove is confronted with a
dynamics of urban planning where the stakes of urbanization on the sites with
Mangrove are important. In addition to the demographic dynamics characte-
rized by the coming and going of resident and non-resident populations includ-
ing tourists, traders and other local and foreign investors, the rehabilitation of
Belle Vue dyke connecting the Center and the South of the island in 2013 dis-
rupted the hydro-dynamic mechanism of the Ikoa and Marorano mangrove lots.
This article attempts to identify the anthropogenic threats on this ecosystem, in
urban development including the process of territorial occupation and the con-
struction of road infrastructures. The objective is to analyze the impact of urban

phenomena on the preservation of existing mangrove lots.

2. Materials and Methods

Interview with 158 residents of the island’s mangroved lots was carried out in
August 2016. This number corresponds roughly to 20% of the direct user
households of the Mangrove (e.g. fishermen, occupants of mangrove sites, ...)
and its resources. The questionnaire used was focused on the various anthropo-
genic uses of mangrove resources, showing the quantities harvested and their
objectives.

Interviews with municipal and territorial officials of the District have pro-
vided information on the current management and development of the city. Di-
rect observations on the state of the lots concerned by the backfilling and clear-
ing work were particularly carried out with the aim of photographing and map-
ping them under Geographical Information System. Google Earth public images
of 2013 and 2015 were used during the monitoring of the spatio-temporal evolu-
tion of the mangrove.

To evaluate the impact of the rehabilitation of Belle Vue dyke on the peri-
pheral mangrove lots, an analysis of the horizontal and vertical structure of the
trees was carried out, respectively in Marorano and Ambodiforaha (Figure 1),
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Figure 1. Location map of Sainte Marie and sites studied.

two sites impacted (S,) and not impacted (control site S,) by the disturbances

linked to said rehabilitation. Thirty-five plots of 10 m x 10 m per site were ob-

served and measured directly in terms of:

* Natural regeneration, which corresponds to live mangrove seedlings less than
1 m high and whose average stem diameter is less than 1.5 cm (Rakotomavo,
2010). Regenerated individuals within each plot were identified for each spe-
cies. An average number was thus obtained and this represents the average of
the regeneration density of all the plots of each site, such as:

100 35
n= gznl

where:

n = average density regenerations (live seedlings ha™)
nl = number of live seedlings counted in plot n® 1
n35 = number of live seedlings counted in plot n° 35

* Density of seed trees, which corresponds to the number of live mature indi-
viduals more than 1 m high (Rakotomavo, 2010), with a stem more than 1.5
cm in diameter. Seed individuals within each plot were identified for each
species. A number d has therefore been obtained; this corresponds to the av-
erage density of all the plots of each site, such as:

d=Z T

where:

d = average density of seed trees (live mature trees ha™)

dl = number of seed trees in plot n° 1

d35 = number of seed trees in plot n° 35
* Regeneration rate r (adapted from Rothe, 1964) the average for all 35 plots

per site is given by the formula:
100135
= L 16001

35—
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where:
r=average regeneration rate in%
nl = number of regenerations (live seedlings ha™) in plot n° 1
dl = number of seed trees (live mature trees ha™') in plot n° 1
35 = number of regenerations (live seedlings ha™) in plot n® 35
35 = number of seed trees (live mature trees ha™) in plot n° 35
with:
ifr>1000%: very strong regeneration
if300% < r< 1000% : strong regeneration
if100% < r< 300% : medium regeneration
ifr<100%: weak regeneration
* Average total height of trees h, which is the sum of different heights such as
height of aerial roots, that of the bole, and crown, which were measured for
each site, plot, and species. The average height A is thus given by the formula:
100 n3s

h==52m

with:
h = average total height of mature trees (m)
Al = average total height of mature trees in plotn° 1 (m)
h35 = average total height of mature trees in plot n” 35 (m)

* Physiognomic resilience of trees, which was assessed visually from leaf color
(scale: yellowing, greenness) and vividness of tree (scale: standing dying, wi-
thering, alive).

* Average mortality rate of trees mr, which corresponds to the percentage of
standing mature dead trees per hectare (compared with the total number of

live mature trees), such as:

1 100m35
_ N35
mr = 35 & 100m1
N1

with:
mr = average mortality rate of mature trees (%)
ml = number of dead mature trees in plot n° 1
m35 = number of dead mature trees in plot n° 35
N1 =total number of live mature trees in plot n° 1

N35 =total number of live mature trees in plot n° 35

3. Results

3.1. A Coveted Urban Resource without Updated Management
Tools

More than a dozen natural resources are taken from mangrove lots in Sainte
Marie (Table 1). 87% harvested samples are fish products and are related to
human nutrition. 2% to 90% of these products are self-consumed by the fishing

household, depending on the trout fished; 49% of uses consist of fishing for
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Table 1. The 9 main resources taken from the mangrove lots of Sainte Marie.

Resources harvested Anthropogenic uses % of uses
Terebralia palustris 90% self-consumption, 10% sale 30
Crabs 70% self-consumption, 70% sale 19
Shrimps 5% self-consumption, 95% sale 8
Construction wood Construction, enclosure 3
Prawn 2% self-consumption, 98% sale 7
Firewood Combustible 0.5
Fishes 60% self-consumption, 40% sale 2
Timber Carpentry, crafts 0.5
Mangrove tree leaves Phyto-medecine 8

crabs and Zerebralia palustris, which, with respectively an average density of
20,000 and 48,000 individuals ha™ all sizes combined, are quite abundant in the
Ambodiforaha control site. 19% of the reported uses are related to mangrove
crab harvesting, compared to 8.5% for phyto-medicine and timber. The extrac-
tions of wood for fuel and carpentry/craft respectively represent only 8% and
0.5% of total uses. The use of timber collecting approximates 3%.

In addition to forestry and sectoral texts in force no updated management tool
governs these various harvesting and anthropogenic uses. The Management
Transfer document and the management plan for the mangrove lots concerned
by the harvesting date back to 2003. No update of these two basic tools has been
carried out so far (situation of September 2017). As a result, the implementation
of local resource management rules, known as dina, remains obsolete. This situ-
ation would legitimize the actions taken by residents, regardless of their social

and ecological scope.

3.2. Land and Management Issues around Mangrove Lots

As part of the national estate, according to the land and forest regulations in
force, some mangrove lots of Sainte Marie, like Saint Joseph and Ikoa where
nearly 3 and 2 ha are concerned, are currently the object of land grabbing from
the inhabitants. Backfilling works (18% of recorded pressure cases) followed by
clearing of mangroves (75% of cases) are visible at these sites where buildings
made of vegetal and hard materials occupy the banks of the channels. On the
side of Saint Joseph, back mangrove, the salt flat is the subject of coconut planta-
tion and land leveling for occupancy purposes. In Ikoa, the transformation of
mangrove sites into private land is topical, although the mangrove belongs, in
principle, to the state. To this land occupation is added a certain number of ur-
ban planning issues such as those relating to the evacuation and drainage of wa-
ter (sewage, rain and tide), pollution related to open defecation, and the dis-
charges of liquid and solid waste (6% of the residents of Pointe and Saint Joseph

are involved), as well as public health problems (malaria caused by mosquitoes,
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urban sanitation).

3.3. Failure to Integrate the Environmental Dimension into Urban
Infrastructure Construction Works

In 2013, the Ilot Madame and Belle Vue dyke, approximately 200 m long, located
1 km south of the city center (National Road #21), had been rehabilitated for
better communication between the northern part and the center of the island.
The inlet and outlet of the waters at the dyke had experienced disturbances dur-
ing the works. In fact, according to the environmental control and monitoring
report prepared by the (Service Régional de 'Environnement, 2014) of Fénérive
Est dated April 5, 2014, consolidated by the one carried out by (Duchene, 2014)
on June 4, 2014, as well as according to the Cétamada technical report (Cétama-
da, 2014), the five channels which ensured the inlet and outlet and the water ex-
changes at the level of the dyke in question were completely obstructed. The very
low salinity of the water (0.0001 to 0.0016 g1 in the 800 m east of the dyke
(Cétamada, 2014)), as well as the rising of the water level in Forbans Bay had
adverse effects on the mangroves in the area: yellowing and leaf fall, tree decay,
and the death of a number of aquatic animals including fish. These findings were
confirmed by (Cétamada, 2014; Service Régional de I'Environnement, 2014;
Duchene, 2014), six months after the total closure of the five channels.

3.4. Very Low Resilience of Mangroves

In November 2017, i.e. 47 months after the beginning of the rehabilitation
works, the following findings could be established after comparison between the
Ambodiforaha control site (S,) and the impacted site (S,) of Marorano. It should
be noted that the closing of the inlet and outlet of the waters lasted 6 months in a
row, with a small opening of 1 m of width x 1 m of height towards the third
month, after negotiation with the company in rehabilitation (Rakotomavo, Ra-
soamanarivo, Andrianoelisoa, Razafimamonjy, Razafinarivo, Razanajaza, Rafili-
po, Betsiafindra, Maro, Ralaizandriarison, Randriamiarina, Sangotra, Randria-
narisoa, & Rakotoson, 2018). Seawater and freshwater could only find their ini-

tial exchange mechanism as of the seventh month, since July 2014.

3.4.1. Difficult Regeneration
With a regeneration rate of 146%, the impacted site of Marorano presents an av-
erage recovery, according to the Rothe scale (Rothe, 1964). This value is, howev-
er, negligible when compared with that of the Ambodiforaha control site where
the rate is 208 times higher (Table 2). Rates per species are less than 100% at
Marorano; at a rate of 18%, Bruguiera gymnorhiza is the least regenerated spe-
cies (against r = 28,500% at Ambodiforaha), followed by Lumnitzera racemosa
(22%) and by Ceriops tagal (30%). Sonneratia alba does not regenerate, although
this species regenerates well (r = 500%) at the control site.

It should be noted that Ceriops tagal and Lumnitzera racemosa have no rege-
neration at the control site, whereas both species respectively have a regenera-

tion rate of 30% and 22% at Marorano.
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Table 2. Regeneration rates (%) after 6 months of canal filling and 41 months of restora-
tion of water flows.

Regenerated species Ambodiforaha control site (S,) Marorano impacted site (S,)
Rhizophora mucronata 1334 77
Sonneratia alba 500 0
Bruguiera gymnorrhiza 28,500 18
Lumnitzera racemosa 0 22
Ceriops tagal 0 30
Total 30,334 146

3.4.2. High Mortality and Low Density of Live Trees

With a ratio of 2 Rhizophora mucronata trees dead out of 100 live at Ambodifo-
raha control site (ratio = 0.02, i.e. mr = 2%), Marorano records more, i.e. 55
standing dead for 33 alive (ratio = 1.67, i.e. mr = 16.7%).The impacted site thus
recorded 83.33 times more Rhizophora m dead mature trees than the
non-impacted site, and this, 47 months after the start of the rehabilitation work
on Ilot Madame-Belle Vue dyke (where 5 channels had been blocked for the first
6 months), i.e. 41 months after the restoration of the water inlet and outlet me-
chanism.

The two sites, with the Bruguiera ggmnorrhiza species, have the same density
in terms of living trees and dead trees, (1700 individus ha™). In other words,
100% of Bruguiera g. mature seedlings of the Marorano impacted site have all
withered away, after 47 months of the start of the dyke closure and 41 months
after recovery of the water flows. It should be noted, however, that with 1700
living mature trees ha™', the impacted site of Marorano has become 47 times
richer in Bruguiera g. than the control site (Figure 2).

Between 2013 and 2015, the dead mangrove area accounted for 4.7% of the
entire Marorano lot. In other words, the area lost 2.35%-an"" of its mangrove in 2

years.

3.4.3. Selective Cutting of Trees by Local Residents
The Bruguiera ggmnorrhiza standing dead trees were all collected by local resi-
dents for construction and fuel purposes (tc = 100%). Being a straight and mod-
erately calorific tree, according to 89% and 65% of the people surveyed, 1700
dead trees of Bruguiera g. are subject to selective cutting in the impacted site of
Marorano. Rhizophora mucronata woods are less popular than other mangrove
trees; 2.5% of residents only call them high-calorific fuels. Having ramified stems
and rarely quite straight, this species is not appreciated in terms of construction;
their height rarely exceeds 4 m, hence the low harvest of 200 standing dead.

In addition to harvesting standing dead trees, selective cutting also exists, both
at the control site and at the impact site (Figure 3). This form of pressure is in
the form of cutting live trees perpetrated by local residents. 500 and 1200 mature

individuals of RhAizophora m. and of Bruguiera g. per hectare are taken from
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Density of living mature trees Density of standing dead mature trees
(X100 individuals-ha™) (X100 individuals-ha™)
1 ¥ Bruguiera ¥ Bruguiera
gymnorrhiza 17 gymnorrhiza
® Rhizophora B Rhizophora
100 mucronata mucronata
0
33 2
Ambodiforaha Marorano Ambodiforaha Marorano
control site impacted site control site impacted site

Figure 2. Density of live (left) and dead (right) mature trees after 6 months of canal fill-
ing and 41 months of water flow restoration—case of Rhizophora m. and Bruguiera g.

Density of trees cut
(X100 individuals-ha™")

W Bruguiera
gymnorrhiza

51 | ®™Rhizophora

mucronata
5

Ambodiforaha Marorano
control site impacted site

Figure 3. Density of Rhizophora m. and Bruguiera g. trees, object of cutting by residents.

Ambodiforaha, respectively, compared with 1900 and 5100 individuals per hec-
tare at the impacted site of Marorano. In other words, the anthropogenic harvest
is relatively 4 times greater where residents see a dying mangrove. According to
79% of respondents, they rush to fell trees before it is too late to value them in

construction and cooking.

3.4.4. Tree Stunting

47 months after the rehabilitation of the dyke, the average size of the trees is ex-
periencing a significant loss of growth, which is estimated at —37.2% and —44.3%
for breast-height diameter and total height, respectively (Figure 4). Thus, there

is a stunting of mangroves at S,.

4. Discussions
4.1. Pressures or Socio-Economic Valuations?

According to (Rasoamanarivo, 2017), the annual spatial losses at the level of all
Sainte Marie mangrove lots amount to 0.47%. This rate is still low if we refer to
national clearing rates of 1.34% (Giri & Muhlhausen, 2008) and 1.06% (Jones,
Glass, Gandhi, Ravaoharinorotshihoarana, Carro, Benson, Rakoto-Ratsimba, Gi-
ri, Randriamanantena, & Cripps, 2016). This annual spatial decline is also small
when compared to the global surface loss of 1.75%-yr™" (Valiela, Brown, & York,
2001) over the past two decades. However, it is quite significant if one refers to
the case of Rigny (0.2% over thirty years, or 0.006%-yr™' between 1986 and 2016,
according to (Andrianoelisoa, 2017)), one of the largest mangrove lots of the
Malagasy East (Rakotomavo, 2018). Moreover, according to (Mandimbinirina,

2017), the small mangrove of Foulpointe (Eastern Madagascar) loses 0.15% of its
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Average breast-height diameter of Average total height of mature trees
mature trees (cm) (X102 m)
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) 5.1 400 397
350
4 300
250
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100
! 50
0 0
Ambodiforaha control Marorano impacted Ambodiforaha Marorano impacted

site site control site site

Figure 4. Diameter at breast height (left) and average total height (right) of trees, dead
and alive together, after 6 months of canal filling and 41 months of water flow restoration.

surface annually, a low figure compared to that of Sainte Marie, but which would
be alarming if one refers to its small size (<2 ha according to (Rakotomavo, 2018;
Rakotomavo, Rasoamanarivo, Andrianoelisoa, Razafimamonjy, Razafinarivo,
Razanajaza, Rafilipo, Betsiafindra, Maro, Ralaizandriarison, Randriamiarina,
Sangotra, Randrianarisoa, & Rakotoson, 2018; Rakotomavo & Rasoamanarivo,
2018)), its regenerative potential and the threats towards it (Mandimbinirina,
2017).

Given the socio-economic services offered by the mangroves of Sainte Marie
on the one hand, and the low rate of spatial degradation of the latter, on the oth-
er hand, one wonders if the term “pressure” would be appropriate. Should we
not rather speak of “socio-economic valuation”, since up to now, the harvesting
of wood and fauna resources made by local residents has little effect on the inte-
grity of the ecosystem; on the contrary, the valuation of dead wood, as well as the
anticipated removal of Bruguiera gymnorrhiza trees following the ecological
damage caused by the rehabilitation of Ilot Madame-Belle Vue dyke (see 3.4.3.),
would constitute a form of rational management of mangroves of the area. Lebi-
gre confirms that one of the criteria for assessing Bruguiera ggmnorrhiza lies in
the straight quality of its stem. This species is thus coveted in construction, giv-
ing standard poles and posts of 4 - 5 m.

Balance between the stock, the regeneration process, as well as anthropogenic
harvesting, however, must be monitored if we want to keep the integrity of the
ecosystem. As the percentage of use of mangrove woods depends on the exis-
tence of sources of wood other than mangroves (Razakanirina, 2016), this bal-
ance could be maintained in favor of these species thanks to the existence of
Grevillia banksii, Eucalyptus sp. and Melaleuca quinquenervia on the mainland,
near the villages (Rasoamanarivo, 2017). Hence the low utilization rate of 3% of
mangrove wood in construction in Sainte Marie compared to 66.7% to 87.5% in
the Tsiribihina delta, in Madagascar south-west part (Razakanirina, 2016).

The occupation and backfilling of mangrove areas perpetrated by residents
has a problem of legitimacy and legality. Indeed, the 2005 land law on acquisitive
prescription, as well as the relative legitimacy of a de facto occupation, seems to
justify these acts. In addition, the lack of urban planning tools such as the up-
dated urban plan would admit that the occupants of the mangrove areas are

right, at least in case of prohibition by the city authorities. There is no current
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reference or zoning on urban planning in Sainte Marie; this would justify de
facto occupations followed by clearing, backfilling and construction undertaken
by local residents.

Still related to this lack of updated planning tools, the territorial and urban
authorities have no benchmark for decisions relating to the management of
mangrove areas. Conflicts of competence between the Department of Ecology,
the Environment and Forests, the regional authorities, the grassroots associa-
tions in charge of managing mangrove lots, the town hall, and the Fokontanys
(the smallest administrative subdivision in Madagascar), arise even during the
issue of “authorizations” for the occupations in question. In this way, can one
speak of pressure, illegality and/or illegitimacy of the acts perpetrated by the oc-
cupants of the mangrove sites? Do not these legal loopholes and shortcomings in
the city administration constitute a gateway to the degradation of the mangrove

ecosystem?

4.2. Mechanism of Natural Succession and Regeneration

The limited presence of Bruguiera gymnorrhiza within the control and impacted
sites (respectively 1 Bruguiera g. for 100 Rhizophora m. and 17 Bruguiera g. for
33 Rhizophora m.) would be linked to the facies succession process described by
(Rakotomavo, 2010). In a bay such as Ambodiforaha and Marorano where wave
strength is more attenuated and the sedimentation process is muddier, RhAizo-
phora mucronata predominates. According to (Razakanirina, 2016; Tostain,
2010; Kathiresan & Bingham, 2001; Kathiresan, Rajendran, & Thangadurai,
1996), Bruguiera g. prefers compact sand-silty stations with a salinity of 15 to 45
g1”!, with an immersion of short duration but regular. Referring to the water sa-
linity values of 0.0001 to 0.0016 g™' (Cétamada, 2014) during the closure of
canals supplying Forbans Bay, the species could not survive. The rise of the bay
waters is about 0.2 to 0.6 m (according to 92.3% of the respondents) and the in-
crease of the water level upstream of the inner river (Cétamada, 2014; Service
Régional de 'Environnement, 2014) resulted in the permanent submergence of
Bruguiera g, resulting in their decline. The restoration of the waters inlet and
outlet after 6 months of closure could not ensure the restoration of the initial
structure of the Marorano mangrove. The measurement dated November 23th,
2017 shows a salinity of 29 g1}, i.e. a salt concentration within the range given
by (Razakanirina, 2016; Tostain, 2010; Kathiresan & Bingham, 2001; Kathiresan,
Rajendran, & Thangadurai, 1996).

But salinity is not the only parameter involved in favor of the installation of
Bruiguiera g. Others, such as, the substrate (sandy-muddy to compact according
to (Razakanirina, 2016), against sand-predominantly colloidal clay in Marora-
no), the overall forest atmosphere (shading, exposure...) are also important. In-
deed, according to (Rakotomavo, 2010), the gradual and successive invasion of
Rhizophora, then of Bruguiera is linked to ecological conditions such as shading,
salinity, regularity of drainage and flooding (Rakotomavo & Fromard, 2010;

Randriamboavonjy & Rakotomavo, 2012), the phenomenon of “fattening” (Le-
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bigre, 1984) and the existence of shelter or not against strong waves. Bruguiera
gymnorhiza, as well as Ceriops tagal, associate very often with Rhizophora mu-
cronata. The species prefers salt-free sites where the mud layer is substantial
(Espaces, 2000). Its spatial distribution is thus limited to the scale of the zone,
despite their potential for human use.

Bruguiera and Ceriops rarely form mono specific spatial entities such as Avi-
cennia or Rhizophora. Preferring well-lit stations (Razakanirina, 2016), Ceriops
tagal is quasi-absent in the control site, while traces of cutting and regeneration
of this species could be observed in the impacted site of Marorano. In other
words, the death of the trees at the impacted site favored the lighting of the site
and the reappearance of Ceriops tagal, which eclipsed with the densification of
Rhizophora mucronata and of Bruguiera gymnorrhiza at the level of S,.

The residents thus benefited natural succession and regeneration process to
source firewood and construction. Before the rehabilitation of the dyke, the in-
ner area was dominated by Rhizophora mucronata, with a few scattered Bru-
guiera gymnorrhiza and Ceriops tagal trees. The cuts made by the residents
would have occurred as soon as they noticed the death of Bruguiera and of Ce-
riops. The thinning of the S, mangrove, 41 months after the restoration of the

water flows, allowed some regeneration of Ceriopsto settle again.

5. Conclusion

Sainte Marie mangrove, especially that of the urban lots in the Center-South of
the island, is subject to various forms of human use. It is not only a place to
harvest fish and timber resources, but it is also affected by a crucial lack of up-
dated city management tools. Being still weak in terms of annual spatial reces-
sion, the pressure weighing on this urban ecosystem is a dualism between legi-
timacy and legality. The de facto occupation of the mangrove sites, as well as the
harvesting of resources via the valuation of dead wood, would become more and
more problematic in the absence of a legal-technical reference framework that
formalizes these acts. The development of an updated master plan, including the
mangroves in the zoning process, is a measurement imperative for a better con-
servation and/or valuation of the existing lots.

The study shows that, despite the recovery of initial hydro-dynamic and sedi-
mentation mechanisms, the mangrove lots impacted by the rehabilitation of the
Ilot Madame-Belle Vue dyke are struggling to regain their initial ecological bal-
ance. The resilience of these lots in terms of regeneration and vertical and hori-
zontal structures is very weak, so that the habitat of sensitive species such as
Bruguiera ggmnorrhiza and Ceriops tagalis disturbed. The death of these species
has favored their exploitation by local residents for socio-economic development

purposes.
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