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INTRODUCTION

The present report aims at highlighting the main geomorphological processes acting along
the coast of Guiana. It is based on a short field trip to identify the main patterns and on an
intercomparison with geomorphological processes acting along the coast of French Guiana,
some hundreds of kilometres south-eastward.

The report provides:

l. A concise summary of the programme during the trip in Guiana. It encapsulates
all observations and recommendations highlighted in the powerpoint presentation
delivered subsequent to site visits conducted along the Guyana Coast (May,
2010).

Il. An intelligent justification for mud bank and foreshore monitoring techniques
applicable to the Guyana scenario for providing useful information on the
evolution of coastal morphology.

Il. A package of pertinent literature, articles, and case studies related to mud bank
migration monitoring and it importance to mangrove ecosystems and coastal
infrastructure planning.



. OBSERVATIONS AND RECOMMANDATIONS

1. Programme during the trip in Guiana

The mission has been conducted during 13 days (France to France), from the 25" of May to
the 5™ of June 2010 with a full time work (including week end).The objectives were:

- to make an extensive field trip in regions 3 to 5 to identify the main geomorphological
processes along the coast and to estimate risks of erosion and possible mitigations on
‘hotspots’ defined by the Works Services Group.

- to present some preliminary conclusions and have some feedback information from local
specialists to strengthen the analysis for present report.

Taking into account these objectives the time schedule has been organized in agreement
with the local MWH supervisor (J.Townend) and the WSG group (Mr. Geoffrey Vaughn, Chief
Sea Defence Officer (Ag.) Mr. Bhesram Singh, Project Manager EU Sea Defences, Mr.
Jermaine Braithwaite, Senior Engineer, Sea Defences):

26" of May: arrival from France (6AM), field trip with J.Townend in region 3
(Georgetown, Mont Repos, Anna catarina).

27" of May: installation in the WSG office and kick off meeting with the Guyana
Sea Defence group

28" of May: field trip , visit of region 4 and 5 with the Project manager, Singh
Bhesram (Mont Repos, Hope).

29" and 31" of May: synthesis of sites visit information, reading of reports and notes
(works done during the 8" and 9™ EDF periods) and preparation of a
talk.

31 of May: visit of the National Agriculture Research Institute (NARI) and
presentation of some previous works' about the coastal mangrove
dynamic along the coast of French Guiana.

1% of June: presentation of a talk with some preliminary conclusions 2 to the
members of WSG (among which: R.Lowe, G.Vaughn, B.Singh,
J.Braithwaite, J.Townend), the EU representant ( F. Girard), the MWH
local staff (supervised by J. Townend) and some more people
interested with coastal erosion in Guiana. The total audience was of
about 20 specialists.

2" of June: discussions with the MWH group, ongoing synthesis

3" of June: discussions with J.Braithwaite to identify specific needs in terms of
monitoring techniques on selected *hotspot’ of erosion.

4™ of June: Packaging and return to France.

! Proisy et al. 2010. Relating mudflat elevatiomtangrove communities : a methodological study fthen
Amazon influenced mudbank coast of French GuiadairPthe “workshops” folder.
2 Gratiot, N. 2010. A severe mangrove retreat akblegmuddy coast of Guiana. . Pdf in the “workshdpéder.



2. Mudbank dynamic, the three main characteristics

The evolution of coastal dynamics along the coast of Guyana is under a complex interaction
between, natural and human-induced processes. The natural processes are governed by
three main characteristics which are:

-the principal input of muddy sediments from the Amazon,

-some specific mechanical and biophysical properties for clay, silt and sand sediments

-some positive feedbacks between mud and sediment ongoing from millennia

Fine sediments from the Amazon

The overall coastal dynamic from the eastward frontier of French Guiana to the Orinoco river
mouth should be consider as a single entity. Along that coast almost all of the sediment
(>90%) comes from the Amazon watershed after a time of transit that can varies from weeks,
when mud is in suspension within the water column, to centuries when mud migrates
alongshore in the form of mudbanks (Fig 1b).
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Fig. 1.2.1. a) Turbidity index along the continental shelf from the Amazon the Orinoco. (NOAA images,
oct. 1999; Laboratoire regional de télédétection, IRD. B) schematic sediment load from the Amazon to
the Guianas shelf & coast (Allison et al., 1995).

The rate of mud migration is mainly driven by currents and waves and depends on the way
mud is transported. Mud in the “suspension box” rarely exceeds a suspended sediment
concentration of 1-10g/I. It moves rapidly basically at the speed of the coastal currents (that
can frequently exceed 1m/s). It looks like brown water. It doesn'’it contribute to natural coastal
defence. Mud that is accumulated along the coast in the “mudbank box” as sling mud or
mudshoal develops some specific mechanical (rheological) properties that makes it moves
principally under the action of waves, at a celerity of about 1-2.5km/y (Fig.2). It is a visco-
plastic material which look like honey or child's play clay. This compartment protects the
coast from erosion by wave damping and because of its colonization by mangrove.
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Fig.l.2.2. a)The mudbank interbank system along the coast of Guiana since 1940. b) Statistical
distribution of the migration rate of mudbanks derived from Fig.2.a (ICBA, 8th EDF project).

Clay, Silt and Sand: different biophysical comportm ent with geomorphological
implications

Coastal defence infrastructures planning greatly depends on the nature of sediment:

-Muddy coasts fringed by mangroves belt of several hundreds of meters do virtually not
need any human-made defences. Along such coasts, the energy coming from the ocean is
basically dissipated by two complementary processes:
Swells are very efficiently dissipated near shore, because of the viscoplastic
properties of mudflats and some liquefaction processes, as previously quantified by



winterwerp et al. (2007). This process reduces strongly the wave energy during their
path in shallow water (typically in the range 25-5m).

In very shallow water, short period wave are principally damped by breaking in the
swash zone or by dissipation among the mangrove trunks.

-Silty or sandy coasts exhibit a very different behaviour. For such beaches, the bed is
almost solid and do not dissipate the wave energy. Breaking is the unique agent of
dissipation and is usually best efficient along wide (hundreds of meters) and convex beach
profiles.

It is important to point out that the dissipation of wave energy by wave breaking is strongly
dependent on water depth. Waves break at the shoreline during high tides. At the opposite,
the dissipation of wave energy by mangroves does not depend on water depth and takes
place as soon as waves penetrates the vegetation.

Do mangroves protect the coastline from erosion ... YES
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~ When they are eroded, contribute strongly to energy dissipation, both
8 s horizontally (wave diffraction) and vertically (as for alive mangrove)
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Fig. 1.2.3. Wave energy dissipation in a system in equilibrium. a) wave damping at Guyana mudcoast
(from Winterwerp, et al. 2007. b) interbank in erosion. Wave energy is diffracted by the concave
toography and is dissipated by turbulence diffusion by mangrove trunks (from Gratiot, 2010).

Strong coastal interaction with mangroves

From a geomorphological point of view, the coast between French Guiana and Guiana is
governed by strong interactions between mud and mangrove. The accumulation of mud in
the intertidal area is driven by wave actions. It is followed by consolidation and ephemeral
cracking during phases of emersion, at low tide (Fiot and Gratiot, 2006). This process
contributes to a very efficient mechanical trapping of Avicennia seeds infront of the ocean
and to mangrove colonization (Fig. 1.2.4). This process is ephemeral, and cracked occurred
only during specific time windows in relation with the emersion during low tide at a given
altitude above mean sea level.



more “salt marshes” with adult and juvenile
mangroves, colonizing the higher
parts of the mud banks (> MsL)

>

Fig.l.2.4 Left: Natural trapping of Avicennia seeds in ephemeral mud cracks. F.Guiana. Right: Juvenile
mangrove at leeside of mudbank in Guyana (Winterwerp ICBA report, 2004).

Various remote sensing based investigations (Gardel and Gratiot 2004; Proisy et al., 2009
among others) demonstrated that mangrove fringes of hundreds of meter (cross shore) can
develop naturally if three conditions are encountered:

-presence of mudflats (mudbanks) containing mainly fine and cohesive sediments
-appearance of mudcracks during low tide periods
-presence of Avicennia seeds floating in the coastal shallow waters

Silty and sandy beaches offer very valuable ecosystems for various species among which
figure turtles but do not represent more than some % of the 1600km long coast under natural
conditions. As said above, their capacity to damp the ocean energy is much more critical and
reduce drastically during high tide level.

Along the coast of Guiana, the human pressure acting from decades is very probably at the
origin of a transfer from muddy to silty conditions. This point will be discussed later on in the
conclusion because of its strong consequences in terms coastal management policy.



3. An adapted methodology for decision making

The main sedimentological, physical and biological characteristics described synthetically
here above provide a guideline for the evaluation of the vulnerability of coast to erosion.
Three questions should be addressed systematically before deciding whether hard coastal
defence or bio-engineering techniques should be planned:

1) What is the bed elevation alongshore? Do we have muddy (or silty-sandy)
conditions with potential mudcracking?

2) Do we have a good connection to substantial area s of adult Avicenna
mangrove trees (at least tens of hectares)?

3) If response to these two items is negative, will it be relevant to artificially
restore conditions of mangrove growth (bio-engineer ing)?

1. What is the bed elevation along shore?
Do we have muddy (or silty-sandy) conditions with p otential mudcracking?

Table 1 presents the tide characteristics in front of Georgetown. While the high tide level
conditions are similar to the ones of French Guiana (MHWS=2.95m, MHWN=2.6m), it is
believed that the muddy coast structuration will follow a pattern similar to the one described
by Proisy et al. (2009, figure here bellow). At an elevation of about 2.3-2.5 m above the
lowest astronomical tide (LAT, table 1), the number of Consecutive Days of Emersions
(CDOE) per years becomes significant so that mudcracks will open during low spring tide
periods, in May and September. This will occur if bed is composed of cohesive sediment
what is case for clays but not for silts and sands.

Table 1. Water level characteristics at Georgetown.



Fig.l.3.1 Probabilities of desiccation (mud cracking) along the muddy coast of French Guiana (Proisy
et al., 2009).

2. Do we have a good connection to substantial area s of adult Avicenna mangrove
trees (at least tens of hectares)?

While the presence of mudcracks constitutes a very good bio-indicator of the potentiality of a
site to be colonized by mangrove, the colonization will occur only if seeds are available.
Aviciennia germinans is the main specie colonizing the sea front along the Guyana’s. Under
natural conditions, seeds are produced by a fringe of hundreds of meters of mature
mangrove. They are transported seashore by dewatering channel during the ebb tide. This
process of colonization along the natural or abandoned-dewatering channels is well
illustrated by the ICBA Fly by report (2004).

The alongshore channels of irrigation are playing a negative role by stopping the transfer of
seeds from inland mature mangrove to the ocean front.

Fig.l.3.2. Hopetown to GoldenGrove-ICBA Fly by report (2004).

A LIDAR campaign was conducted in French Guiana and help us identifying the various
process of colonisation by measuring simultaneously the mudbank elevation and the
mangrove trees size and density (Proisy et al., 2009). From Zone A (Landward) to zone B,
colonization is mainly due to a diffusion of seeds from the mature mangrove. This process
involved tides and dewatering channels. The colonisation on mudbar #1 and #2 is due to the
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mechanical trapping of seeds within mucracks that form during tide-related periods (Proisy et
al., 2009 ; Fiot and Gratiot, 2006).

Fig.l.3.3. Cross section of a mudbank colonized by mangrove in French Guiana (height above 2.4m),
from Proisy et al., 2009.

Fig.l.3.4 Rapid colonization by opportunistic Avicennia germinans mangroves of fresh mud translated
across-shore during the onset of a bank phase in French Guiana. This freshly translated mud will
progressively stifle the older mangroves in the background (Anthony et al., 2010).

3. If response of the two first items is negative, will it be relevant to artificially restore
conditions of mangrove growth (bio-engineering)?

Under natural conditions, mangrove colonized mud shoals area of tens of kilometres length
and about a kilometre width. While such scales can not be reproduced artificially, the
mitigation of coastal erosion by mangrove can only be planned on some places that would
experience favourable muddy conditions in a near future. For this reason, it is of up most
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importance to determine the time-related distance separating a site from the next eastward
mudbank.

The remote sensing based methodology that was adopted during the ICBA, 8th EDF project
is appropriate to calculate this time related distance (1.2.2). Thus, taking into account the
vulnerability of the shoreline, hard coastal structures should be considered as an adapted
method or not.

4. Site visits and site specific mitigation of coas tal erosion

Field trip was conducted from region 3 to 5 with the objective of identifying hotspots of
erosion and finding some ways of mitigating it.

Fig.l.4.1 Regions of the republic of Guiana and its regions

Ana catarina, sandy silty shore

Fig.l.4.2. Pictures from the field trip, may 2010. Ana catarina. Left : specific view from the concrete sea
wall. Right : view of the old structure.
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Even if we did not measure the beach elevation during the field trip, it is believed to be low
on this site, as indicated by the humidity of sands from the previous high tide level. The bed
is solid (people can walk on it) and is composed of silty and sandy sediment. It is a very
energetic environment where seawalls reflect the ocean energy without dissipating it. There
is no evidence of arrival of a new mudbank in the coming years so that the area can not be
considered as a potential place for mangrove colonization right now.

Fig.l.4.2. Up, permeable groins from
Winterwerp’s ICBA report 2004. Up right,
aerial photography showing waves
breaking on the old structure (December
2003). Down, right, evidence of silt
accumulation along the west dike.

When a new mudbank will arrive the

ocean energy will have to be

dissipated artificially. If not, the energy

will be dissipated by liquefaction, and

erosion of the mudshoal because no

energy is damped by mangrove. If

liquefaction is too important some

sediments will be suspended in the water column as turbid water. This will decrease the
capacity of mudshoal to absorb ocean energy directly (visco-plastic property) or indirectly
(mudshoal colonization). At a large scale this feedback progressively transforms the muddy
coast in a silty coast and reduce the natural capacity of ocean energy dissipation.

If the wave energy is artificially dissipated, the area could be interesting for bio-engineering
techniques, because the presence of a dike on the west side of the bay will help structurating
the mudshoal. Furthermore, the hold coastal defence structure visible on Fig. 1.4.2. (right) will
facilitate the breaking of wave slightly off shore because of shallow water conditions. This will
contribute to the dissipation of wave energy in a way similar to breaking on mudbars in
natural environments (Fig. 1.3.3).

If this site was considered for mangrove replanting in some years or decades, it would be
very important to strengthen the dissipation of wave energy and the generation of micro
turbulence by the construction of some permeable groins in the upper fringe of the beach.
The utilisation of groins was previously recommended by Winterwerp (ICBA, 2004). It will
simulate the process of energy dissipation that is naturally done by mangrove trunks. Then it
will contribute to flocculation of mud in suspension.
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While there is no evident connection to mature mangrove, seeds will be disseminated or
replanted artificially. This operation should not be done as long as the mudbank do not reach
an elevation upper than 2.3m upper LAT, as previously underlined (see table 1 and figure
1.3.1).

Ruimzegt, Bovell, region 3

This site has experienced a spectacular natural mangrove colonisation between November
2008 and November 2009. In November 2008, photography already presents evident
mudcracks that highlights on the potentiality of this site to be colonized. Following Townend
(pers. Communication), this site has been subjected to deposit of dredged clay material. This
human action has undoubtedly facilitated the appearance of mud cracking and contributed
indirectly to mangrove colonization. It is a good illustration of the mangrove resilience when
favourable conditions are met.

In the photo of may 2010, we can observe some seeds on the mudflat. These latter
correspond to colonisation by diffusion has illustrated in Fig.l.3.3, zone C. The density of
mangrove trees is low and their chance of survive is limited by a low mudflat elevation,
(probably <2.3m). Observation of aerial photography or satellite images could help us
determining their chance of survive. If the mudbank is leaving the area, interbank will rapidly
erode this young mangrove.

November, 2008 November, 2009
May, 2010

Fig.l.4.3. Picture from Ruimzegt, Bovell, Region 3, at various dates.
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Georgetown, region 4

From Google map view, we can easily distinguish a mudshoal of clay, at the eastern part of
Lusignan, and some silt mud accumulations in front of Georgetown.

Figure 1.4.4b, shows evidence of ripples that highlights on the non cohesive nature of
sediments (silt or sand). Sediments in front of Georgetown do not constitute a good substrate
for mangrove replanting.

The ripples form lines parallel to the shore what indicates a main current direction cross
shore. such hydrodynamics conditions, groins are believed to be poorly efficient. It would be
interesting to have access to the history of the coastal defence in front of Georgetown to
validate or refute this hypothesis. For The beach is bordered by a dike on its west side and
the general westward current of the coast of the Guyana’s let us presume that sand refilling
would be a good option for the coming years with some possible accumulation along the dike
over time.

Fig.l.4.4a Aerial view of Georgetown (screen capture from Google).

Fig. .4.4b. Field visit of sea front in Georgetown.
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Mont repos mudshoal with mangrove (region 3)

This site is the first one at the eastern of Georgetown that presents all the biophysical
characteristics required for mangrove colonisation and/or replanting.

The mudshoal shows some dewatering channels (Fig. 1.4.5a) that highlight on the high
mudflat elevation (very probably above 2.3m). The light brown of this mudshoal lets us
presume that it is composed principally of clays. A patch of dense mangrove is visible. This
patch could very probably spread westward if seeds are replanted during good tide-related
period, i.e. during low spring tides period with high Consecutive Days Of Emersion. For more
details see section Il and Proisy et al. 2009.

While a front of mangrove colonisation is diffusing westward, it seems limited by the quantity
of seeds while sediments conditions are appropriate.

Fig.l.4.5a. Google view of Mont repos, vigilance.

Fig.l.4.5b. Pictures from the field trip, may 2010. Mont repos.
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Hope, region 4

This site suffers a sever erosion that could be stopped quite rapidly by the arrival of a
mudshoal, already visible one the picture. This site illustrates well the potentiality of bio-
engineering associated with soft human-made defence. It is an hotspot of erosion were an
effort should be done to maintain the earth dam while the mudshoal will arrive and accrete.
When the mudshoal will be install in front of the earth dam with an elevation above 2.3m and
with some signs of mud consolidation mangrove replanting could be planned. As highlighted
by previous reports (AF GCCA Guyana report, given in .doc by J.Townend), the biophysical
engineering option consisting in a fringe of mature mangrove of at least 50m bordered by
and an earth dam inland should probably be considered as a reasonable alternative to
protect the shoreline when muddy conditions exist. Nevertheless, a particular attention
should be paid to the fact that a fringe of about 50-100 of mangrove is not at the equilibrium
under natural conditions (see the conclusion section). A continuous effort will have to be
done to collect and disseminate seeds from inland mangrove to ocean front to maintain a
fringe of mangrove able to dissipate most of the incoming wave energy.

Fig.l.4.6. Pictures from the field trip, may 2010. Hope, region 4.
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Silty beaches in region 5

Fig.l.4.7. Pictures from the field trip, may 2010. Silty beach in region 5.

Most of the beaches in region 5 are silty or sandy. The were almost entirely bordered by
mangrove in the late 18" century. It is very probable that this change from muddy to silty-
sandy conditions is a consequence of the human activities developed inland (see Conclusion
section). Along these beaches, perennial hard structure coastal defences such as rip rap or
concrete should be planned with a timelife in agreement with the time-related distance to the
next mudshoal. It is very probable that earth dams will be destroyed by the ocean energy if
they are not bordered any more by a mangrove fringe.

Il. Up to date, adapted monitoring techniques

1. measuring bed elevation along shore

As previously highlighted in the guideline section (I.3), collecting some knowledge about the
shoreline elevation is fundamental to distinguish whether mangrove replanting could work or
not. If a mudshoal is composed of clay (not sand or silt) and has an elevation that exceeds
2.3m above the Lowest Astronomical Tide, it has a good potentiality for (1) mud
consolidation, (2) mudcracking, (3) seeds trapping and finally (4) mangrove colonization.

As part of the ICBA 2004 actions, a numerical model of tide predictions has been realised
and can be used simply to estimate the tide-related elevation of a specific site.

The easiest way consists in identifying the hour of mudshoal submersion by water during a
rising tide and to refer to the tidal prediction (or table) to find the elevation corresponding to
the observed hour of submersion.

18



Fig.ll.1.1. Numerical prediction of tidal dynamics and corresponding errors (ICBA report, vol. 3, 2004).

This technique can be completed with water pressure sensor measurement to get a better
accuracy:

The tidal signal observed on the mudflat can indeed differ from the predicted one because of
the precision of the tidal estimate, but also for other reasons. While propagating along the
coast, the tidal signal can be significantly modified by the very shallow water of the mudflat
areas. It can also exhibit a time shift due to the distance between the mudflat and the tidal
gauges sensor. Furthermore, local effects such as river flow can be additional sources of
divergence in the estimation of the tidal signal.

To examine the suitability of the tidal prediction, we realized water pressure measurements
on five major intertidal mudflats along the coast of French Guiana

The instrument was moored over two tidal cycles in front of the Macouria river mouth (June;
1, 2004). Once adjusted together, tidal signal T(t), and measured water depth z(t), show a
good correlation (Fig. 111.2.). There is a time shift of about -13' when considering the
eastward Devil’s Island station and +19’ with the eastward Cayenne station, but overall the
tidal signal is not too much distorted when propagating over the mudflat. Small fluctuations
superimposed on the field data are due to the sea surface agitation, principally by waves,
currents and river flood. These fluctuations exhibit a mean standard deviation of about 5-7
cm that occurs at a high frequency. When applied to other mudflats, the inter comparison of
adjusted field data and tidal prediction shows a maximal standard deviation of 7cm.

All details can be found in Gratiot et al., (2005).
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Fig.ll.1.2. Comparison of tidal prediction, Devil's island and in situ water depth fluctuations (Gratiot et
al., 2005).

Fig.ll.1.3. Deployment of the NKE Altus system in French Guiana.

Another interesting option consists in using video (Aarninkhof et al., 2003) or remote sensing
based approach (Gratiot et al., 2005) to define the bathymetry and its evolution over time
(Fig. 11.1.4). In particular, it would be very useful to deploy the technique of Aarninkhof et al.
(2003) to monitor the intertidal bathymetry of Georgetown over years. While video techniques
are limited by the angle of observation, the high building Pegasus Hotel could offer a very
good place to deploy a systems.

20



Fig.ll.1.4. Mapping intertidal beach bathymetry from a set of shorelines, derived from time-averaged
video observations throughout a tidal cycle (Aarninkhof et al., 2003).

Recently, Gardel et al. (2009) applied such technique with success along the coast of French
Guiana. The analysis of video images helps them defining not only the altitude of a mudflat
but also the tide dependent dynamics of mud cracking.

Fig. 11.1.5. upper panel: application of the video
technique on a mudflat in French Guiana (from
Gardel et al., 2009). Lower panel: Evolution of
mud cracks during the field experiment. a/
presents the first photographs considered for the
monitoring. Scars of former mud cracks are
visible. b/ presents mud cracks at the end of day
1, c/ at the end of day 2, and d/ at the end of the
experiment (from Gardel et al., 2009).

A simpler technique, base on field observations and sediment drying in the laboratory could
be considered of interest if more sophisticated techniques can not be applied. This latter is
based on a typology that consider some simple indicators (Fiot and Gratiot, 2006).
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If we consider “Mudcracks”, “Biofilm” and “Mangrove trees” as bio indicators of the muddy
coast, the observation realized by Fiot and Gratiot (2006) showed that the most common
combination are Mudcracks+Biofilm+Mangrove or No Mudcracks+No Biofiim+No Mangrove.
It corresponds to class 1 and class 8 shown in Fig. Il.1.6a). More interesting, the transfer
from one combination to the other one occurs for elevation close to 2.35m and sediment
concentration close to 650 g/l. The dry sediment concentration or bio indicators can then be
considered as first markers of the pivot elevation of 2.3-2.5m.

Fig. 11,1.6. Upper panel : Scheme for the
classification of in situ measurements based
on mud conditions and vegetation. Lower
panel : Plot of in situ sediment concentration
against altitudes on intertidal mudflats with
indication of sampling localities and
physiographic classes (Fiot and Gratiot,
2006).
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2. Determining the time-related distance of the nex t mudbank area

Fig.l.2.1. The bright red areas correspond to the recently colonized mudbank. About 17km, i.e. (6-
12years ; SPOT image, 2003).

During the 8th EDF project, a powerful GIS has been developed. It gathered several very
high resolution IKONOS images. This database provides a high quality spatial mapping of
areas of mangrove and mudshoals but the renewal of such information is necessary every 3-
5 years because of the very rapid coastal dynamic.

Low-cost geo-referenced remote sensing data such as SPOT images, free access Landsat
images or even Google screen shot can reveal to be an appropriate alternative to identify the
overall potentiality of a region before any field observations. On the example presented on
Fig. 11.2.1. (SPOT images), the intertidal area of the mudbank can be estimated, bearing in
mind that it is strongly dependent on the tide elevation at the hour of satellite image (see
Gratiot et al., 2005 for further details). The bright red area delimits the young mangrove that
corresponds to the specific area that has been colonised during the migration of this specific
mudbank. We can see that it is located at about 15 km south-eastward of the front of the
mudshoal (that coincides with the location of the kourou river mouth on this image). While the
migration of mudbank is of about 1-2km/y in Guyana (Fig. 1.2.2.), the best efficient ocean
energy dissipation by mangrove will reach the right bank of the kourou river in about 15-30
years since 2003.

23



Such a basic approach based on a simple interpretation of remote sensing information
should be systematically taken into account when planning the building of hard structure sea
defence.

3. Other useful techniques for the survey of coasta | dynamics

It is important to remind that some simple and low cost field observations can provide some
determinant information locally. During the 5 years long work in French Guiana, most of the
scientific investigations were conducted with very simple and low cost instruments (hundreds
of euros) :

-hand GPS was systematically used to connect easily field observation to the GIS database.
-photography were done systematically to estimate objectively the degree of mud
consolidation, the level of algae cover, the presence of mudcracks and mangrove trees. The
hour of photos and the tide related elevation are fundamental factors.

-Sediment erodability was quantified both on natural mud-banks and in laboratory
experiments, measuring the shear stress by means of an Eijkelkamp shear vane as the one
showed in Fig. 1.2.4 (see Fiot and Gratiot, 2006 for further details).

-while bathymetric survey of the mudshoal from lidar campaigns are usefull for scientific
investigations (see Proisy et al., 2009 among others), they are expensive, time consuming
and are not believed to be adapted to an operational coastal management.

-Echo sounding bathymetric survey in the 0-5m water depth is also believed to be
inappropriate if is not conducted jointly with an ongoing numerical modelling effort.
-monitoring the hydrodynamics of specific areas by deploying Acoustic Doppler Current
Profiler, Acoustic Doppler Velocimeter and turbidimeters can reveal of interest to answer
questions that would already arise from a geomorphological approach based on an on going
survey (eventually with video techniques as presented in section Il.1). It could also be
considered of interest to define precisely the attenuation of wave height during its
propagation within mangrove. The result could be decisive to define the width of mangrove
needed to fully dissipate the wave energy.
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[ll. CONCLUSIONS

Long term coastal erosion- some potential mitigati ons

A change from a muddy coast to a silty-sandy coast under human pressure.

The present report focuses on the protection of the coast by bioengineering techniques that
aim a restoring mangrove conditions when and where it is possible. This choice is deliberate.
It is NEITHER governed by environmental (climatic change and storage of anthropic carbon)
NOR by ecological considerations (restoration of nursering habitats for some biological
species). Actually, the bioengineering techniques seem to be the most adapted to the
defence of the coast of Guyana at a pluri decadal scale:

As previously underlines in this report, the coast of Guiana is progressively moving from
muddy conditions to silty or sandy conditions with consequences that should be considered
regionally (hundreds of kilometres of coastal protection) more than locally (‘hotspots’ of
erosion).

The overall budget of sediment that migrates along the coast of Guiana is composed of
about 95% of sediment from the Amazon and the rest from local rivers. The Amazon
provides fine sediments (clays) that have played a significant role to damp the ocean energy
over the last 5000 years (Allison et al., 1995). The “suspension box” as a net flux of 150 MT/y
and does not contribute directly to the protection of the coast. The “mudbank box” as a net
flux of 100 MT/y and is the main agent of ocean-energy damping (Fig. 1.2.1). The mangrove
that colonizes the upper part of mudbank also contributes to the damping of the energy firstly
by a mechanical dissipation of waves, secondly by the generation of short scale of
turbulence that boosts flocculation and makes sediment settled down within the mudbank.
Because of human related activities (drainage channel, aquaculture), the fringe of natural
mangrove has been reduced to tens of meters wide (or zero for some places) and the
connection of mudbank to the wide area of mature mangrove has been cut down by water
channels. This is now limiting the arrival of seeds to the ocean and has reduced considerably
the capacity of natural vegetalisation of mudflats. As a direct consequence, the wave energy
previously damped by mangrove is damped by breaking of waves what conducts to
liquefaction, erosion and resuspension of sediment from the ‘mudbank box’ to the
‘suspension box'.

Actually, the fact that previously existing muddy coast are becoming silty or sandy coast is
not believed to results from a change of incoming sediments but very probably corresponds
to a loss of trapping capacity of the coastal fringe.

Locally, this could have some severe consequences as illustrated by the bay of Ana
Catarina. This beach is now a sandy-silty environment where human structures (mainly
houses) are protected by rip rap. Such hard structure dissipates part of the incoming energy
by breaking but also reflected a consequent part to the ocean (see Section 1.4).

In conclusion, because they are less dissipative, hard defence structure are not believed to
generate favourable situation for the maturation of mudbank, consolidation of sediment and
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cracking. Cumulated with a poor quantity of seeds, this reduces strongly the probability of
natural colonisation.

Mangrove width of a muddy coast under equilibrium c onditions

If considering bioengineering as a potential solution to restore the hydrosedimentary balance
of the Guianas systems, it is of upmost importance to assess how many hectares of
mangrove should be replanted. Crossing over information from various studies indicates that
a system within which seeds are disseminated by natural diffusion from the mature
mangrove is of the order of 1000-2000m width.

From a theoretical analysis, Winterwerp (2005) proposed a mangrove fringe of about 1500m
to restore equillbrium conditions in front of aquaculture areas along the muddy coast of
Thailand. However, we should underline that this work did not take into account the role of
mangrove in the damping and trapping of sediments.

Fig.lll.1 Cross-shore profile assemblage across the mud bank surface, derived from the three
methods, synthesizing patterns of mud consolidation and mangrove colonization. Levels of
consolidation are derived from field observations in the light of both published (Fiot and Gratiot, 2006)
and unpublished data under the coordination of Sandric Lesourd (Laboratoire d’Océanologie et
Géosciences, Wimereux, France). Variations in mud consolidation in the lower intertidal zone (below
MWL) reflect the dominant role of wave remobilization and fluidization, while consolidation and mud
concentration levels in the upper intertidal zone (above MWL) reflect both trapping of mud spilling over
into troughs and depressions and in situ drying out and consolidation processes (From Anthony et al.,
2008).

From a multidisciplinary field experiments on a mudbank in French Guiana, Anthony et al.
(2008) also concluded to a mangrove fringe extension of about 1000m in front of the older
mature mangrove (Fig. 111.1).

From remote sensing data, Gratiot et al. (2008) have monitored the mangrove fringe
evolution for about 20 years and along more than 200km. The natural fluctuation of the
vegetal shoreline revealed to be of the order of 1000-2000m.
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Fig.lll.2 Relative shoreline position (RSP) of the mangrove from 1987 to 2006 along the coast of
French Guiana. The wavy pattern illustrates the impact of mudbank migration on mangrove
colonisation and erosion (from Gratiot et al., 2008).

This distance of 1000-2000m that defines the equilibrium under natural conditions could
probably be reduced to 500-1000m for bioengineering propose if the arrival of seeds and its
planting is controlled and help by human activities. In any case, it is important to bear in mind
that the natural processes of vegetal colonisation and erosion will very probably led to the
destruction of hectares of replanted mangroves on some places. Such a situation is natural
and implies to consider the bioengineering technique as a continuous effort. A good
intermediate option between a fully mangrove protected coast and a hard structure defence
could be the combination of a 50-100 m width mangrove fringe with an earth dam behind.
The overall coast would remain significantly lower than hard sea defence (Table 2) and will
contribute to the restoration of a positive feedback that transfer sediments from suspension
to mudshoals.

Mangrove 200m €30-100
Mangrove 50m plus revetment €1800
Hard structure €4000

Table 2. Estimates of the coast of bioengineering, hard structure or mixed coastal see defence (from
AFGCCA Guyana report).

IV. PACKAGE OF PERTINENT LITTERATURE

Based on a ten years long research on the 1600km long muddy coast of the Guyanas, this
database would be of interest to any students/structures aiming at understanding the
geomorphological processes taking place along that coast. While mudbanks migrate from the
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Amazon river mouth to the Orinoco, they structurate the coast in a comparable way along the
1600km with little site specific properties. Thus publications from French Guiana and
Surinam shoud be considered to be as usefull as the work done on the coast of Guyana.

At the exception of section 1 (Cited references), papers are referenced solely by the name of
the pdf files.
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