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Summary. — Although the spatio-temporal changes in the mangrove stand extent,
structure and composition, called mangrove vegetation structure dynamics, are rarely
studied worldwide, the results produced by a few studies constitute a good basis to re-
cognize various types of dynamics. Identifying these is important to provide information
about the past, present and even future evolution of a mangrove forest, and to decide
whether or not artificial regeneration is necessary. This contribution gives an overview of
the theoretical types of mangrove vegetation structure dynamics and illustrates them with
practical examples. A1 the same time it shows how such a study can be combined with
research fields such as conservation genetics, mangrove restoration, stand characteristics
and hydrology in order to generate an integrative idea of how the mangrove functions.

TREFWOORDEN, — Mangrove ; Krab ; Ordinatie ; Teledetectie ; Kenia; Sri Lanka ;
Mauretanié.

SAMENVATTING. — Alhoewel spatio-temporele veranderingen in de oppervlakte, in de
structuur en in de samenstelling van mangroven, gedefinieerd als mangrovevegetatiestrc-
tuurdynamiek, wereldwijd weinig bestudeerd worden, vormen de resultaten die enkele
studies hebben ontwikkeld een goede basis om verschillende dynamiek-typen te herken-
nen. Deze identificatie is belangrijk in het genereren van informatie met betrekking tot de
verleden, de huidige en zelfs de tockomstige evolutie van een mangrovewoud, en in het
beslissen of er al dan niet artificiéle regeneratie noodzakelijk is. Deze bijdrage syn-
thetiseert de theoretische typen mangrovevegetatiestructuurdynamiek en illustreert deze
met praktische voorbeelden, Tegelijkertijd toont ze hoe zulk een studie gecombineerd kan
worden met onderzoeksthema’s zoals conservatiegenetica, mangroveherstel en -bestand-
kenmerken, ¢n hydrologie teneinde een integratief beeld te vormen over hoe de mangrove
functioneert.

* Paper, presented at the meeting of the Section of Natural and Medical Sciences held on
26 February 2002. Final text received on 30 January 2003.

** Laboratory of General Botany and Nature Management, Mangrove Managemeni Group, Vrije
Universiteit Brussel, Pleinlaan 2, B-1050 Brussels (Belgium}.
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Mors-cLEs. — Mangrove ; Crabe ; Ordination ; Télédétection ; Kenya ; Sri Lanka ;
Mauritanie.

RESUME. — Synthése de la dynamique existante et potentielle de la structure végétale
de la mangrove a partir d’études de cas au Kenva, au Sri Lanka et en Mauritanie. — Bien
que les changements spatio-temporels dans la surface, la structure et la composition de la
mangrove, définis comme la dynamique de la structure végétale de la mangrove, aient été
peu étudi€s 2 travers le monde, les résultats produits par quelques éudes forment une
bonne base pour reconnaitre différents types de dynamique. Cette identification est
importante pour générer 'information sur le passé, le présent et méme sur I’évolution
future de la mangrove, et pour décider si une regénération antificielle est nécessaire. Cette
contribution synthétise les types théoriques de dynamique de la structure végétale de la
mangrove et les illustre d’exemples pratiques. En méme temps elle expose comment ce
type d’étude peut &tre combiné avec des themes de recherche comme la génétique de con-
servation, la restauration de la mangrove, les caractéristiques de son peuplement et
I’hydrologie afin de se forger une idée du fonctionnement de la mangrove.

What Encompasses “Dynamics” ?

A verification of the term “dynamics” in recent literature on marine science
or forestry, relevant to the study of general mangrove ecology, reveals that this
term is being used in an environmental, a faunal or a floral context. In an envi-
ronmental context it has been used to refer to nutrient dynamics (Rice & TENORE
1981, NEwELL 1984, BLAIR 1988, TaMm ef al. 1990, Cren & TwiLey 1999), DOC
dynamics (VeLMrov 1986), sediment or detritus dynamics (Braker 1984,
FLORES-VERDUGO et al. 1987) and hydrodynamics (WoLANSKI 1992, KITHEKA ef
al. 1995, Krrueka 1997). In a faunal context “dynamics™ has referred to behav-
ioural clustering dynamics (GHERARDI & VanNINI 1992), community dynamics
(Syms & Jones 2000) and spatial and temporal dynamics (LucoMmEeLA 1995). In a
vegetation context “spatial and temporal dynamics” has been used as well (SMITH
& Huston 1989, Muraui ef al. 1998), next to litter dynamics (Brown 1984,
TwILLEY et al. 1997), biomass dynamics (pE Boer 2000), canopy dynamics
(Herw1TzZ et al. 1998) and population dynamics (CLARKE 1995, JIMENEZ & SAUTER
1991, FroMARD et ai. 1998).

In a number of cases terms as “mangrove forest dynamics” (SmrtH et al
1691), “vegetation dynamics” (HewL & Van Deursen 1996, Dakpoun-GuEBAs et
al. 2000a) or simply “dynamics” (Putz & Chan 1986) have been used, all of
these intending more or less “changes in stand structure and composition”.
Although to scientists who are focusing on vegetation it is evident that these sim-
ple terms have the above meaning, to others these terms might seem less mean-
ingful. Therefore we suggest to adopt the term “vegetation structure dynamics”
for “spatio-temporal changes in stand extent, structure and composition™, as in
the present paper.
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Data Acquisition and Analysis in Studies on Vegetation Structure Dynamics

REMOTE SENSING

In the past two decades remote sensing technology prevailed for acquisition
of full coverage data on vegetation (GanG & Acarsiva 1992 ; Colen et al. 1996 ;
RAMACHANDRAN ef al. 1998 ; Danpoun-GuEBas et al. 1999a, 2000a ; CHAUVAUD et
al. 2001) and both “reviews” and “recent advances” are continuously reported in
order to emphasize and compare the potential of various remete sensing tech-
nologies in the past and for the future (REHDER & PATTERSON 1986, Tassan 1987,
ASCHBACHER et al 1995, Brasco et al. 1998, Hormcren & Turesson 1998,
Hyvyrra et al. 2000, Danpous-GUEBAS 2002).

The integration of data on vegetation structure dynamics from different
moments in time has become almost entirely dependent on remote sensing (Her.
& Van DeurseN 1996, MuraLl ef al. 1998, Kabmon & Harari-Kremer 1999,
Danpour-Gueeas et al. 2000a), which usually constitutes the only retrospective
basis of long-term comparison to actual vegetation data (Darpoun-GueBas et al.
2000a). Assessment of factors related to the mangrove on a large scale (global or
regional distribution, cartographic inventories, land-use conversion, conserva-
tion) and investigation of the regional or global extent of mangroves (SPALDING et
al. 1997), largely rely on satellite imagery. For periods of time starting before the
existence of space-bome sensors, aerial photography will often provide the
essential and only hard data on changes in vegetation. Whereas aerial photo-
graphy, in addition, has been of an unequalled quality in the study of vegetation
structure dynamics until present, the launch of IKONOS, the first commercial
Very High Resolution (VHR) Earth Observation satellite in September 1999 by
Space Imaging (US), probably marks the beginning of a new remote sensing era
providing both panchromatic and multispectral images with a 1 m to 4 m resolu-
tion. This type of resolution combined with the multispectral character of the
imagery (including near-infra-red) may provide alternatives to the as yet unsolu-
tioned inability of identification of mangroves on a species level (Danpoun-
Guesas 2001a, VERHEYDEN et al. 2002).

However, for the present synthesis only aerial photographs were available and
their applicability to the investigation of mangrove vegetation and the study of
mangrove vegetation structure dymarnics was positively evaluated (loc. cit.).
However, providing correct mangrove tree species lists is essential (JAYATISSA et
al. 2002a) and eventually fieldwork must be carried out as ground-truthing,

GROUND-TRUTHING

Fieldwork or ground-truthing, imperative in remote-sensing studies, has con-
centrated on the adult vegetation in many case studies (SPALDING ef al. 1997), but
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great benefit arises when combining these data with other vegetation layers
(MuraLi ef al. 1998 ; Danpoun-Guenas et al. 2000a, 2001b, 2002a). Below, the
“adult” vegetation layer will be distinguished from the “young” and “juvenile”
one. Next to overlays between map data originating from different moments in
time in a GIS environment (Geographical Information System) and a quantifica-
tion of changes that occurred in the past (DaHPOUN-GUEBAS et al. 2000a), an
overlay of a map with data from present-day vegetation layers (e.g. as plots or
transects) may provide insight into the present and possibly future dynamics of
the mangrove (DaHpoUH-(GUEBAS ef al. 2000a, 2001b, 2002a).

If the vegetation layers with aduit, young and juvenile trees are considered,
there can be either an absence or a presence for each of these. In our approach
“juvenile”, “young” and “adult” merely represent stages in development, disper-
sion, establishment (e.g. beyond possibility of predation) and further develoment
(see tab. 1 for definitions). Table 1 summarizes the possible combinations of
vegelation layers and defines the type of vegetation structure dynamics that can
form the basis for such combinations.

A mangrove forest, or a species within a forest, without adult individuals, has
a pioneering or colonizing nature {colonization dynamic type, hereafter referred
to as C-type or displaying C-dynamics). Examples of species with a colonizing
nature belong to the genera Avicennia and Sonneratia (e.g. OSBORNE & BERIAK
1997). From a case study in Sri Lanka (Danpoun-GueBas et al. 2000a) it is clear
that in certain sectors Rhizophora apiculata Bl. must have had a colonizing
nature in the past (e.g. island in the upper right section of figure 2 was coconut
plantation in 1956 and 1974, but mangrove forest in 1994).

A forest with a presence of adult trees and an absence of either young or juve-
nile ones is declining (degradation dynamic type or D-type / D-dynamics). It is
remarkable that this can be illustrated with the very same case study mentioned
above (fig. 2), since no young or juvenile trees were found in that forest section
during the recent fieldwork missions over several years (foc. cit.). Another exam-
ple to illustrate a D-type is the condition of the Parc National du Banc d'Arguin
in Mauritania, where adult Avicennia germinans (L.) Stearn trees usnally do not
show young or juvenile trees in their understory (DaHpoun-Gueeas & KoEpaM
2001). A forest with adult trees and without either young or juvenile ones may
be threatened with decline as well, unless there is only a transient lack of
younger specimens and an accelerated growth subsequently. The latter can be
very acute in forest arcas where Rhizophora mucronata Lamk. dominates the
canopy, Ceriops tagal (Perr.) C.B. Robinson dominates the young understory
and a mix of both species dominate the juvenile understory. When canopy gap
formation occurs due to the logging of R. mucronata, which is a highly preferred
species by the local population in Mida Creek in Kenya (DAHDOUH-GUEBAS ef al.
2000b), C. tagal is actually the species that pre-empts the gap in the canopy
(Kamro 2001, Karro er al. 2002). What is preferred is logged, but what is logged
13 therefore not necessarily what will regenerate. Similar situations are reported
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for Sonneratia caseolaris (L.) Engler replacing the more classical elements of
the mangrove (e.g. members of the family of the Rhizophoraceae) due to inland
hydrological works (Javatissa ef al. 2002b).

A forest with adult, young and juvenile trees generally rejuvenates (rejuvena-
tion dynamic type or J-type / J-dynamics). However, it may also be declining
depending on the similarity in distribution of adult, young and juvenile trees.
Whereas the term “decline”, as used above, refers to a decline of age structure
on a particular place and will be referred to as “vertical decline™, this term can
also be used with respect to the area coverage of a forest or species, hereafter
called “horizontal decline”. ¥ this horizontal decline is purely surface bound we
refer to “quantitative horizontal decline”, which is not considered at this stage.
When all vegetation layers are represented in the field, we will obviously also
refer to J-dynamics, but if there is a significant shift in species composition from
“mangrove species” towards “non-mangrove species” we will refer to “qualita-
tive horizontal decline”. This should be taken lato sensu and applies in case of
both shifts from strict or major mangrove components towards the minor man-
grove components and shifts from mangrove species in general towards man-
grove associates or non-mangrove species. A shift from major to minor man-
grove components can be illustrated by the transition of a Rhizophora apiculata
dominated forest to an Excoecaria agallocha L. in Sti Lanka (DARDOUH-GUEBAS
er al 2000), whereas a shift from mangrove species towards non-mangrove
species can be illustrated by the introgression of the herbaceous Fimbristylis sal-
bundia (Nees) Kunth subsp. pentaptera (Nees) T. Koyama into the heart of man-
grove sites in Sti Lanka (loe. cit.). Also the studies by Karo er al. (2002) and
Javamissa et al. (2002b), discussed above, are examples of such qualitative hori-
zontal declines.

Table 2 shows how the data from the past on the spatially static or dynamic
nature of a forest can be combined with distribution data from the present from
all vegetation layers in order to evaluate the status of the mangrove as being spa-
tially static (¢.e. without spatial changes over time) or spatially dynamic (i.e. with
spatial changes over time). It must be highlighted however that a spatially static
forest does not imply a static nature of all processes. As a matter of fact, there is
a steady-state condition underlying the spatially static or spatially dynamic
nature of a forest. A spatially static forest, such as the left section of the man-
grove of Galle in figure 2, supports rejuvenation and other processes in its under-
story (DaHDOUH-GUEBAS et al. 2000a).

A spatially static forest with a similar distribution of adult, young and juve-
nile trees, for instance, is obviously rejuvenating : the younger trees develop
close to the adult ones and the vegetation patches themselves do not displace. In
case of strong dissimilarity between the above distributions the spatially static
forest might be declining and possibly requiring human interference, whereas in
case of a spatially dynamic forest dissimilar distributions might be perfectly nor-
mal (tab. 2).



Table 2

Status of a forest in a spatio-temporally slatic or dynamic nature {as evident from retrospective research), judging from the similar (=) or dissirmilar (=) dis-
tributions of adult trees (AT), young trees (YT} and juvenile trees {JT) in the field. Note that both a spatio-temporally static and dynamic nature are sup-
ported by underlying steady-state mechanisms. The bullets represent exclusive options. Underlined examples for the respective situations have been taken

from existing studies
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This type of analysis, the results of which can be shown using a clear and
highly qualitative graphical design based on image analysis and GIS, can be sup-
ported by a statistical analysis that is based on the same type of data and gener-
ates quantitative results (figs. 2 and 3). Detrended correspondence analysis
(DCA), canonical correspondence analysis (CCA) and non-linear multidimen-
sional scaling (NMDS) are particularly adapted tools for this type of research,
which in addition also allow to include environmental data that may help in the
explanation of the observed vegetation structure (Cannica et al. 2000, DAHDOUH-
Guesas et al. 2001b, 2002a).

Types of Vegetation Structure Dynamics in Mangroves

Basically, the vegetation structure of mangroves can be typified as “zoned” in
several places (e.g. in the Kenyan sites), with a vegetation “zone” defined as a
long band-like patch of vegetation, or as “non-zoned” elsewhere, which then dis-
plays a mosaic pattern of monospecific or assemblage “vegetation patches”, with
no determined shape or area (e.g. Galle, Sri Lanka). In some cases however,
zonation may be very irregular or restricted to a particular part of the tidal gra-
dient, and be termed as a “partial” or “semi-zonation” (e.g. Pambala, Sri Lanka).
Both “zones” and “patches” would have a certain, often monospecific floristic
composition. However, there are also a number of recurrent mangrove assem-
blages, such as the ones listed by Macnag (1968). This author points out that
WaLTer & STEINER (1937) named the zones that they observed in East Africa after
the dominant tree in the assemblage, a way of identifying zones or patches that
is stifl much in use today (GaLLiv er al. 1989). However, Walter & Steiner’s
hypothesis that the height above datum is the determining factor in mangrove
zonation, or that tree species composition can be predicted based on a topo-
graphic gradient (Warson 1928), has been rejected (DaHDOUH-GUEBAS et al.
2002b).

Whereas the zonation issue and particularly the causes of its formation have
been much debated in the history of mangrove research, little has been said about
vegetation structure dynamics, let alone terming some of the types. The term
“moving mosaic” (figs. 2 and 4) was introduced by DaHpouH-GUEBAS er al.
(2000a) for the type of vegetation structure dynamics that displays relatively
large vegetation patches to apparently “move” from one area in a mangrove for-
est to another area (disappearance and appearance), or put alternatively : for the
type of vegetation structure dynamics that displays a certain area of a forest that
changes in species composition over time, and may even interact with terrestrial
vegetations such as sedges and coconut plantations. A vegetation structure
dynamic displaying vegetation patches to extend or to grow, rather than to
“move around”, can similarly be termed a “growing mosaic”. Daspoun-GuUEBAS
et al. (2000a) suggested that a moving mosaic vegetation structure dynamic may
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and 4) it the zones become larger (positive growth, ¢ ¢, seaward patches i Gaz
that have fragmented the mixed mangrove zone into several ussemblages, fig. 3
or smaller (negative growith, &g landward Avieenni putches in Gazi, fiz. 3).
some clear examples of the latter types of transgressive (sometimes introgres
sive) vegeration structure dynamics can be found as responses of mangroves 1o
selective cutting by people (Damboun-Guesas ef al. 2000b, 20023 : Kamro 2001
et al. 2002), o sea-level change or to aliered tidal hydrodynamics (Woonroess
1990, 1995, 1999 | Samvniian & Wictiams 1999), and (o natural events (S evins
& MONTAGUE 1999, Samvmiian & Wittiams 1999, Nooves er al. 20000, In the Tat
ter two cases, however, the “shifting zone™ concept applies to the entire man
grove ecosystem mather than 10 vegetation assemblages specifically

Vegelation structure dynamics of mangroves is also associated with succes-
sion, particularly in 4 situation in which a naked or denuded habitat is colonjzed
and further develops. We recognize three categories - floristic aceretion. floristic
imvasion and floristic dominancefextinetion (fig. 5). “Floristic aceretion’ oecurs
when a first pioneering species is in part responsible for the development of new

fhonstic aceretion

Tonste invason

forisiie dommance
Momstic extnction

Fig.-5 Fypes of spatio-temporal fonistc succession in veetation stnic dymamics | flaristic
neeretion, florsne vasion wnd floristee dominmanc clexlineiion L.-_-g|::|._: a5 11 !jj__'|.'rq:' 4
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adjacent zones, mostly located more landward. This is the case for several
species of the pioneering mangrove genera Avicennig or Sonneratia (OSBORNE &
Bersak 1997). “Floristic invasion” occurs when an established zone is invaded by
another species that develops within the original zone and forces the original
species to retreat (fig. 3). This may be the process underlying the double zona-
tion often observed in Avicennia marina (Forsk.) Vierh, (Daspoun-Guesas ef al.,
in press). Finally, in a particular vegetation structure comprising different as-
semblages with a dominant species, one may develop to become the dominant
assemblage at the expense of other species or assemblages (fig. 2). We term this
case “floristic dominance” with respect to the dominating species and ‘floristic
extinction’ with respect to the retreating and disappearing ones. In some cases
floristic invasion and floristic dominance may be difficult to distinguish, or an
interaction between both may exist (¢f fig. 2). The ease with which these
processes can be distinguished in part also depends on the regularity with which
imagery can be obtained.

Whereas the vegetation structure dynamics at lower latitudes take place
against the background of the multispecific nature of the mangrove stands
(including the “behaviour” of forest patches with different compositions with
respect to one another), at the highest latitudes where mangroves occur it is
somewhat different. In the Parc National du Banc d’Arguin (PNBA), at the
northern biogeographical limit of mangroves along the West-African coast (ca.
19°-20° N), Avicennia germinans is the sole mangrove-tree species that consti-
tutes the mangrove ecosystem in a very discontinuous formation (Daxpoun-
Guesas & Koepam 2001).

“Vegetation structure dynamics”, as defined above (ie. spatio-temporal
changes in stand extent, structure and composition), must be interpreted in its
context. Basically, the “extent” has still the very same meaning in the PNBA, but
the scale we are considering at these higher latitudes is different and in many
cases we are considering fragmented small populations on a large area rather
than continuous fringes. Contrary to mangroves at lower latitudes, the “struc-
ture” does not include zonation issues, mosaics or other vegetation patches on a
substantial area, because we are dealing with a monospecific mangrove. For the
same reason there is little point in describing a “composition”, unless all the non-
mangrove beach and sebkha vegetation is included. Therefore “vegetation struc-
ture” is limited to the extent and fragmentation of the few mangrove populations
left and to their physiognomy. Whereas the latter has not been an issue in Kenya
or Sri Lanka (probably because there are other vegetation features that are more
conspicuous), in Mauritania the different mangrove physiognomies were the
most remarkable features of the vegetation structure and comprised four different
types : high tree formations, wide tree formations, “shrub” formations and
“sebkha” formations, which were obviously no phases in a vegetation develop-
ment (DaHpouH-Guesas & Koepam 2001}, The only possible case would be for
the sebkha formation to evolve into a shrub formation. In the PNBA, the lack of



— 3501 —

success of Avicennia germinans North of the very last tree (that still produces
numerous propagules) could be of a climatic nature (frost frequency) as reported
for this species along the North-American west coast (STEVENs & MONTAGUE
1999).

Research Frameworks for Studies on Vegetation Structure Dynamics

It is known that, because of direct factors such as exploitation and clear cut-
ting (Kamo 1995) and because of indirect factors such as siltation and ground-
water fluxes (Tack & Pork 1999), mangrove forests are adversely affected both
quantitatively and qualitatively all around the globe (PErNETTA 1993a, b :
Rutzier & FeLierR 1996). Research groups are trying to quantify this decline
from different angles using remote sensing. However, it is as important to link
this analysis to fieldwork that monitors the qualitative changes as well. The lat-
ter aims for example at the selective unsustainable utilization or exploitation of
certain species or at the patterns of succession, both of which could lead to a
change in floristic composition or vegetation structure. Research on changes in
mangrove forests and on the regeneration potential, including solutions to keep
the latter at an optimai level, must thus necessarily be considered.

Only recently, the importance of mangroves has been acknowledged and
efforts to restore them arose. Understanding mangrove vegetation structure
dynamics in a particular area is a prerequisite to conservation and management
directives, such as the establishment, protection and management of re-afforesta-
tion plots in the framework of regeneration projects (LEE ef al. 1996, CaLoz &
CouLer 1997). Danpoun-GuEBAs et al. (2000a) emphasized that there is a need
for a methodology that allows to make reliable predictions about the state of
mangroves using a relatively small input from vegetation field work, and to
decide whether a mangrove stand of a certain location has the potential to suc-
cessfully renew and rejuvenate or anthropogenic pressure renders human inter-
ference, such as restoration, imperative. A monitoring system is needed to decide
whether human interference is desirable, since artificial restoration may be
appreciated less than natural regeneration (DAHDOUH-GUEBAS 2002). A clear
understanding of the nature and dynamics of local mangrove ecosystems will be
the best guide to any restoration programme (FiELp 1996). The first step is to col-
lect information about the actual state of the mangrove forest, emphasizing dif-
ferent vegetation layers, but also about past changes in that particular vegetation
(fig. 5). Where such studies concentrate on the diversity of mangroves, it is
important to assess the appropriate spatial, taxonomic and temporal scale
(FarnswortH 1998). The second step is to integrate such findings in the manage-
ment and decision-making process.

It has been shown that remote sensing and GIS-based forestry studies can
generate results that can be directly used in forest management planning



— 502 —

(HoLMGREN et al. 1997, Hoimaren & THuresson 1998). Applicable findings
when focusing on vegetation layers of different age can for instance include the
prediction of future changes in the mangrove forests. In addition, combination of
these data with local and global biocomplexity data (biologic, hydrologic, physi-
co-chemical, geographic,...), socio-geographic or socio-economic data, particu-
larly in a GIS environment, allows to assess future changes under different sce-
narios (e.g. exploitation, conversion, natural catastrophes or sea-level rise) and to
adopt conservation strategies by interfering appropriately, if at all (fig. 5).

Mangrove Regeneration and its Constraints as an Integrated Application

Investigations on the status of mangroves in Kenya revealed that three types
of forest states can be recognized : mangrove in a virtually pristine condition
(Kiunga and Lamu, north Kenyan coast), mangrove that is anthropogenically
adversely influenced (Mida Creek and other creeks between Mombasa and
" Malindi, central Kenyan coast) and mangrove that is anthropogenically degraded
{Gazi Bay and other creeks between Mombasa and Vanga, south Kenyan coast)
(Kamo 2001). In South-West Sri Lanka the occurrence of mangrove forests in a
highly fragmented way, is mainly due to man as well (DE Snva &
BaLasuBraMANIAM 1984-85). Studies based on sequential aerial photography in
both countries have shown that the vegetation structure dynamics in sites dis-
turbed by man probably requires human interference to rehabilitate the man-
grove (DaHDouH-GuEBAS ef al. 2000a, 2001b, 2002a). A prediction following
from combination with investigations on the distribution of young and juvenile
trees confirms this (foc. cit.). The above studies therefore lead to a suggestion of
both forest arcas and tree species that should be considered in artificial regenera-
tion.

However, both areas and species are exposed to a number of threats. Certain
mangrove areas are subject to high propagule predation rates (Smrra & Huston
1989 ; McKee 1995 ; McGumness 1997 ; Danpoud-Gueeas et al. 1997, 1998 ;
Danpoun-Guesas 2001¢). This biotic factor affects the choice of the site in man-
grove restoration. Understanding such constraints to mangrove regeneration
obviously contributes to an improvement and a development at the level of arti-
ficial plantations and silviculture (Gong & Ong 1995). DaHDOUH-GUERAS et al.
(1999b), BaLiermi ef al. (2000), Cannica et al. (2000}, DaHDOUR-GUEBAS et al,
(2001¢) and Danpoun-GueBas et al. (2002b) provide a first step in the under-
standing of crabs’ feeding behaviours by analysing the diets of crabs and their
zonation in the forest with respect to mangrove trees.

Experimental designs to analyse the phenomenon of propagule predation
were set up by Smitd & Huston (1989), Ossorne & SmrmH (1990), McKee
(1995), McGumnness (1997), Daupoun-Guesas et al. (1997, 1998), STeELE et al.
(1999), Danpoun-Guesas (2001¢) and ALLEN et al. (2003). The results found for



Table 3
A synthesis of the findings on propagule predation in Kenya and Sti Lanka (Dasnoun-GUEBAS ef al. 1997, 1998 ; Dahdouh-Guebas, 200kc)

KENYA SR1LANKA
differential predation among forest zones : differential predation among forest patches :
more predation in landward and Rhizophora dominated more predation in Excoecaria dominated patches
zones
no differential predation among mangrove propagules : differential predation among mangrove propagules ;
all species are predated Avicennta predated more than Bruguiera, which in turn is
predated more than Rhizephora
differential predation among mangrove crabs : differential predation among mangrove crabs ;
more predation by Neosarmatium spp. and more predation by Episesarma spp. and Chiromanthes spp.
Sesarma spp.
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Kenya and Sri Lanka are summarized in table 3. In Mauritania no evidence for
propagule predation has been found (Danpoun-Guesas & Koepam 2001).

It has also been shown how propagule predation and vegetation structure
dynamics may be interlinked through anthropogenic hydrological factors : rather
than the influence of many biotic and abiotic factors on a given location, it seems
1o be a chain of events (temporally separated influences of one or more biotic and
abiotic factors) that lead to a particular mangrove vegetation structure or zona-
tion {Danpoun-Gueeas 2001c). The integrated research framework that explores
this and other relationships amongst others, is introduced in figure 6. Vegetation
structure dynamics imply changes, which in turn may imply instability. For
instance, for faunal communities the association between fauna and specific
mangrove (ree species is often obscured. However, mangroves behaving as units
of varying scale (lagoon, estuary) with constant gradual change in moving
mosaic or shifting zones, but with a persistence of all mangrove species or
assemblages, may prove ecologically very stable over time. Future research may
throw light on whether mangrove forests must be seen as spatially heterogeneous
but ecologically coherent formations.

ACKNOWLEDGEMENTS

The authors wish to thank all researchers, students and local people whe participated
in the research activities of the Mangrove Management Group and the Info Centre
Zoniénwoud in Belgium, Kenya and Sri Lanka. The first author is a Postdoctoral
Researcher from the Fund for Scientific Research - Flanders (EW.Q, - Vlaanderen)
{Belgium). The research is also financed by the European Commission (Contract No.
T83*-CT92-0114, IC18-CT96-0065 and EBR IC18-CT98-0295), the Free University of
Brussels (VUB) and the Institute for the Promotion of Innovation by Science and
Technotogy in Flanders (TWT).

REFERENCES

ABEYSINGHE, P D. 1999. Conservation genetics of mangroves : morphology and DNA
polymorphism in a geographical context. — PhD Thesis, Vrije Universiteit Brossel,
Brussels, Belgium, 143 pp.

ALLEN, 1A, Krauss, K. W. & Haurr, R. D. 2003. Factors limiting the intertidal distribu-
tion of the mangrove species Xylocarpus granatum. — Qecologia (in press).
ASCHBACHER, J., Orren, R., DeLsoL, J. P, SuseLo, T. B., ViBuLsRESTH, S. & CHARRUPAT, T.
1995. An integrated comparative approach to mangrove vegetation mapping using
advanced remote sensing and GIS technologies : preliminary results. —

Hydrobiologian, 295 : 285-294.

Baliermvg, T., Macia, A. & Cannicey, 8. 2000. Zonation of mangrove crabs at Inhaca
Island (Mozambique) : a new hypothesis. — fn : Abstract Yolome of the Meeting
on Mangrove Macrobenthos (Mombasa, 7-11 Sept. 2000), pp. 9-10.



— 506 —

Biar, J.M. 1988. Nitrogen, sulfar and phosphorus dynamics in decomposing deciduous
leaf litter in the southern appalachians. — Soil biol, biochem., 20 (3} : 693-701.

Birasco, B, GauQueLiy, T., RasoLoFoHARINGRO, M., DeNis, 1., Azrvru, M, & CALDAROU,
V. 1998. Recent advances in mangrove studies using remote sensing data, —
Marine and Freshwater Research, 49 (4) : 287-296.

Bosre, J., Dannoun-Guesas, F, Kairo, J.G. & Koepam, N. Colonisation of non-planted
mangrove species into restored mangrove stands in Gazi Bay, Kenya. — Aguatic
Botany (in press).

BraxzL, W. H. 1984, Seasonal dynamics of suspended-sediment plumes from the Tana
and Sabaki Rivers, Kenya : Analysis of Landsat Imagery. - Remote Sensing of the
Environment, 16 : 165-173.

BrownN, S. 1984. Mangrove leaf litter production and dynamics, — In : SNEDAKER, S.C. &
SNEDAKER, J.G. (Eds.), The mangrove ecosystem : research methods. UNESCO,
Paris, France, pp. 231-238.

Cavroz, R. & CouLEr, C. 1997. Geographic information systems (GIS) and remote sensing
in aquatic botany : methodological aspects. — Aguatic Bortany, 58 : 209-228,
Cannicar, 8., Skov, MW, & Vannin, M. 2000. The influence of abiotic and biotic factors
on the distribution of mangrove crabs at Mida Creek (Kenya): a multivariate
approach. — In: Abstract Volume of the Meeting on Mangrove Macrobenthos

(Mombasa, 7-11 Sept. 2000), pp. 20-21.

CHauvaur, 5., BoucHon, C. & Manerg, R. 2001. Cartographie des biocénoses marines de
Guadeloupe 4 pantir de données SPOT (récifs coraltiens, phanérogames marines,
mangroves). — Oceanologica Acta, 24 : §3-S15.

CHEN, R. & TwiLLEY, R. R. 1999. Patterns of mangrove forest structure and soil nutrient
dynamics along the Shark River Estuary, Florida. — Estuaries, 22 (4) : 955-970.

CLARKE, P. 1. 1995, The population dynamics of the mangrove Avicesnia marina, demo-
graphic synthesis and predictive modelling. — Hydrobiologia, 295 : 83-88.

Couen, W. B, KusHva, J. D., RippLe, W. J. & Garman, S. L. 1996. An introduction to digi-
tal methods in remote sensing of forested ecosystems: focus on the Pacific
Northwest, USA. — Environmental Management, 20 : 421-435,

Darnous-Guesas, F. 2001a. Mangrove vegetation structure dynamics and regeneration.
— PhD Science Thesis, Vrije Universiteit Brussel, Brussels, Belgium, XVII +
317 pp-

Danpoun-Guesas, F. 2001c. Propagule predation in Sri Lankan mangroves and its effect
on vegetation structure dynamics. — fr : Danpoun-Guesas, F. (Ed.}, Mangrove
vegetation structure dynamics and regeneration, PhD Science Thesis, Vrije Univer-
siteit Brussel, Brussels, Belgium, pp. 161-183,

Danpoun-Guesas, F. 2002. The use of remote sensing and GIS in the sustainable man-
agement of tropical coastal ecosystems. — Environment, Development and
Sustainability. 4 (2): 93-112.

DaHboud-Guesas, F, Copreians, E. & Van Speveroeck, D. 1999a. Remote sensing and
zonation of seagrasses and algae along the Kenyan coast. — Hydrobiologia, 400 :
63-73.

Danpoun-Guesas, E, DE BonoT, R., AsevsinGHe, PD., Kamro, J.G., TriesT, L. & KoEDAM,
N. Ecolegic-comparative study of the disjunct zonation pattern of the grey man-
grove Avicennia marina (Forsk.) Vierh. in Gazi Bay (Kenya) — Bulletin of Marine
Science (in press).



— 507 —

Dannoun-Guenas, F., Guearou, M., OLuoch, A., Vannmg, M. & Canmicol, S. 1999b.
Feeding habits of non-ocypodid crabs from two mangrove forests in Kenya. —
Bulletin of Marine Science, 64 (2) : 291-297,

Danpoun-Guesas, ., Karo, 1.G., Javanissa, L.P, Canniocr, 5. & KoepaM, N. 2002a. An
ordination study to view vegetation structure dynamics in disturbed and undis-
turhed mangrove forests in Kenya and Sri Lanka. — Plant Ecology, 161 (1) : 123-
135.

Danpoun-Guesas, F. & Koepam, N. 2001. Are the northernmost mangroves of West
Africa viable? — a case study in Banc d’ Arguin National Park, Mauritania. — [n :
Harper, D, Bosr, R., EviErarp, M. & Hickiey, P. {(Eds.), Hydrobiciogia, 458 :
Science and the Sustainable Management of Shallow Tropical Waters, Kluwer
Academic Publishers, Dordrecht, The Netherlands, pp. 241-253.

Dampoun-Guesas, F., Mamuence, C., Kairo, 1.G. & Koepam, N. 2000b. Utilization of
mangrove wood products around Mida Creek (Kenya) amongst subsistence and
commercial users. — Ecoromic Botany, 54 (4) : 513-527.

Danpoun-Guesas, F., Van PorteLsercH, L, Karo, I. G. & Koepam, N. 2001b. Two
decades of vegetation dynamics in Kenyan mangroves as detected from sequential
aerial photography : a case study in Gazi Bay. — In: Danpoun-Guesas, F. (Ed.),
Mangrove vegetation structure dynamics and regeneration, PhD Science Thesis,
Vrije Universiteit Brussel, Brussels, Belgium, pp 105-121.

Danpoun-Guesas, F., VERHEYDEN, A., De Genst, W., Hermaracucr, S. & Koepam, N.
2000a. Four decade vegetation dynamics in Sri Lankan mangroves as detected from
sequentiat aerial photography : a case study in Galle. — Bullerin of Marine Science,
67 (2) : 741-759.

Dampoun-Guesas, F, VernerT, M., Cannicar, §., Karo, J.G., Tack, J.F. & Koebam, N,
2002b. An explorative study on grapsid crab zonation in Kenyan mangroves. —
Wetlands Ecology and Management, 10 : 179-187.

pe Boer, W. F. 2000. Biomass dynamics of seagrass and the rote of mangrove and sea-
grass vegetation as different nutrient sources for an intertidal ecosystem. — Aguatic
Botany, 66 : 225-239,

DE Sova, KH.G.M. & BaLasusramaniam, 5. 1984-85. Some ecological aspects of the
mangroves on the west coast of Sri Lanka. — Ceylon J. Sci. (Bio. Sci.}, 17-18 . 22-
40

ELuisoN, A.M., FarnswortH, E.J. & MerkT, R.E. 1999. Origins of mangrove ecosystems
and the mangrove biodiversity anomaly, — Global Ecology and Biogeography, 8 :
95-115,

Farnsworts, E. J. 1998, Issues of spatial, taxonomic and temporal scale in delineating
links between mangrove diversity and ecosystem function. — Global Ecology and
Biogeography Letters, T : 15-25.

FieLp, C. D. 1996. Restoration of Mangrove Ecosystems. — International Society for
Mangrove Ecosystems, Okinawa, Japan.

FLores-VERDUGO, F. I, Day, Jr. J. W, & Briseno-Duenas, R. 1987. Structure, litter fall,
decomposition, and detritus dynamics of mangroves in a Mexican coastal lagoon
with an ephemeral inlet. — Marine Ecology Progress Series, 35 : 83-90.

Fromarp, F., Puig, H., MouaiN, E., MarryY, G., Betouwig, J1. & Capamuro, L. 1998.
Structure, above-ground biomass and dynamics of mangrove ecosystems : new data
from French Guiana. — Oecologia, 115 : 39-53.



— 508 —

Gatriy, E., Coeprians, E. & Beeckman, H. 1989, The mangrove vegetation of Gazi bay
(Kenys). — Bulletin de la Société Royale Botanique de Belgique, 122 : 197-207.

Gang, PO, & Acarsiva, J. L. 1992, The current status of mangroves along the Kenyan
coast: a case study of Mida Creek mangroves based on remote sensing. —
Hydrobiologia, 247 - 29-36.

GHERARDL, F. & Vanwma, M. 1992, Hernit crabs in a mangrove swamp : clustering dynam-
ics in Clibanarius laevimanus. — Marine Behavioural Physiology, 21 : 85-104.

Gowg, W. K. & Ong, I E. 1995, The use of demographic studies in mangrove silviculture.
— Hydrobiologia, 295 : 255-261.

HEen, G.W, & Van DeurseN, W.P.A. 1996. Searching for patterns and processes : model-
ling of vegetation dynamics with geopgraphical information systems and remote
sensing. — Acfa Botanica Neerlandica, 45 (4) : 543-556.

Herwriz, S.R., SuYE, RE. & Turron, S.M. 1998. Co-registered aerial stereopairs from
low-flying aircraft for the analysis of long-term tropical rainforest canopy dynam-
ics. — Photogrammeiric Engeneering & Remote Sensing, 64 (5} : 397-405.

HormcreN, P & Tuuresson, T. 1998, Satellite remote sensing for foresiry planning - a
review. — Scandinavian Journal of Forest Research, 13 : 90-110.

Hoimoren, P, Tuuresson, T. & Hoim, S. 1997. Estimating forest characteristics in
scanned aerial photographs with respect to requirements for economic forest mana-
gement planning. — Scandinavian Journal of Forest Research, 12 : 189-199.

HyYFra, )., Byveea, H., INKINEN, M., EngDamL, M., Linko, 8. & Zav, YH. 2000. Accuracy
comparison of various remote sensing data sources in the retrieval of forest stand
atributes, — Forest Ecology and Management, 128 - 109-120.

Javamissa, LB, Daupoun-Guesas, F. & KoepaM, N. 2002a_ A review of the floral compo-
sition and distribution of mangroves in Sri Lanka. — Botanical Journal of the
Linnean Society, 138 : 29-43.

Javamissa, L.P., Guero, M.C., HErmiaracHcHL, . & Koepam, N. 2002b. Changes in vege-
tation cover and socio-economic transitions in a coastal lagoon (Kalametiya, Sri
Lanka), as observed by teledetection and ground truthing, can be attributed to an
upstream irrigation scheme. — In : Da#poun-Guenas, F. (Ed.), Remote sensing and
GIS in the sustainable management of tropical coastal ecosystems. Environment,
Development and Sustainability, 4 (2} : 167-183.

JMENEZ, J.A. & Sauter, K. 1991, Structure and dynamics of mangrove forests along a
flooding gradient. — Esmuaries, 14 (1) : 49-56,

Kapmon, R. & Harar-KREMER, R. 1999. Studying long-term vegetation dynamics using
digital processing of historical aerial photographs. — Remote Sensing of Environ-
ment, 68 : 164-176,

KaIro, 1.G. 1995. Community participatory forestry for rehabilitation of deforested man-
grove arcas of Gazi Bay (Kenya). A first approach. — Final Technical Report,
University of Nairobi, Department of Botany, Nairobi, Kenya, 30 pp.

Kamro, J.G. 2001. Ecology and restoration of mangrove systems in Kenya. — PhD Thesis,
Vrije Universiteit Brussel, Brussels, Kenya, 110 pp.

Kamro, 1G., Danpovn-Guesas, F., Gwapa, PO., Ocmeng, C. & Koepam, N, 2002.
Regeneration status of mangrove forests in Mida Creek, Kenya : a compromised or
secured future ? — Ambie, 31 (7-8) : 562-568.



— 500 —

KrtHeka, 1U. 1997. Beach groundwater flow dynamics and coastal circulation : an exam-
ination of flow processes at Nyali and Diani Beaches. — In : Antropogenically
induced changes in groundwater outflow and quality, and the functioning of Eastern
African nearshore ecosystems (GROFLQ). First Annual Progress Report of the EC-
INCO Project (Contract No. IC18-CT96-0065), Brussels, Belgium, pp. 11-18.

Kimexa, J.U., OHowa, B.O., Mwaskwore, B.M., SHMBIRA, W.S., MwaLuma, JM. &
Kazuncu, J.M. 1995. Water circulation dynamics, water column nutrients and
plankton productivity in Gazi Bay {Kenya). — In : Interlinkages between Eastern-
Aftican coastal ecosystems. Final Report of the EC-Project (Contract No. TS3*-
CT92-0114}, pp. 95-121.

Leg, 5.K., Tan, W.H. & HavanonD, S. 1996. Regeneration and colonisation of mangrove
on clay-filled reclaimed land in Singapore. — Hydrobiologia, 39 : 23-35.

LucoMmeLa, C.V. 1995. Spatial and wemporal dynamics of phytoplankton biomass and
species composition in Chwaka Bay, Zanzibar. — In: Interlinkages between
Eastern-African coastal ecosystems. Final Report of the EC-Project (Contract No.
TS3*-CT92-0114), pp. 166-172.

Macnag, W, 1968. A general account of the fauna and flora of mangrove swamps and
forests in the Indo-West-Pacific region. — Advances in Marine Biology, 6 : 73-270,

McGumness, K.A. 1997. Seed predation in a tropical mangrove forest : a test of the dom-
inance-predation model in northern Australia, — Journal of Tropical Ecology, 13 :
293-302.

McKeg, K.L. 1995. Mangrove species distribution and propagule predation in Belize : an
exception to the dominance-predation hypothesis. — Biotropica, 27 (3} ; 334-345.

McKeE, K.L. & FauLkner, PL. 2000, Biogeochemical functioning of restored and natur-
al mangrove forests in Southwest Florida, USA. — Restoration Ecology, 8 247-
259,

MuraLl, K.5., Smparea SeTTY, R., GANESHALAH, KN, & Uma SHaanker, R, 1998, Does
forest type classification reflect spatial dynamics of vegetation? An analysis using
GIS techniques. — Current Science, 75 (3) : 220-227.

NeweLL, 8.Y. 1984. Carbon and nitrogen dynamics in decomposing leaves of three coastal
marine vascular plants of the subtropics. — Aquatic Botany, 19 ; 183-192,

NgGuven, V.L., Ta, T.K.Q. & Tateisti, M. 2000, Late Holocene deposital environments and
coastal evolution of the Mekong River Delta, Southern Vietnam. — Journal of
Asian Earth Sciences, 18 : 427-439.

Ossorng, D.J. & Beriak, P. 1997. The making of mangroves : the remarkable pioneering
role played by seeds of Avicennia marine. — Endeavour, 21 (4) : 143-147.

Osnorne, K. & Smrr II1, T. J. 1990. Differential predation on mangrove propagules in
open and closed canopy forest habitats. — Vegeratio, 89 :1-6.

PerneTTA, LC, 19938, Mangrove forests, climate change and sea level rise : hydrological
influences on community structure and survival, with examples from the Indo-West
Pacific. — A Marine Conservation and Development Report, IUCN, Gland,
Switzerland.

PerneTTA, J.C. 1993b. Marine protected areas needs in the South Asian Seas Region.
Volumes 1 (Bangladesh), 2 (India), 3 (Maldives), 4 (Pakistan) and % (Sri Lanka). —
A Marine Conservation and Development Report, IUCN, Gland, Switzerland.

Putz, EE. & Cnan, H.T. 1986. Tree growth, dynamics, and productivity in a mature man-
grove forest in Malaysia. — Forest Ecology and Management, 17 : 211-230.



— 510 —

RAMACHANDRAN, 3., SUNDARAMOORTHY, S., KRISHNAMOORTHY, R., DEVASENAPATHY, J. &
TranvKACHALAM, M. 1998. Application of remote sensing and GIS to coastal wet-
land ecology of Tamil Nadu and Andaman and Nicobar group of islands with spe-
cial reference to mangroves. — Current Science, 75 (3) : 236-244.

Renper, J.B. & Parrerson, S.G. 1986. Mangrove mapping and monitoring. — fn:
Symposium on Remote Sensing for Resources Development and Environmental
Management, Enschede, The Netherlands, pp. 495-497.

Rice, D.L. & Tenvore, K R. 1981, Dynamics of carbon and nitrogen during the decom-
postition of detritus derived from estuarine macrophytes. — Estuarine, Coastal and
Shelf Science, 13 : 681-690,

RutzLEr, K. & FeLier, [.C. 1996. Caribbean mangrove swamps. — Scientific American,
274 (3): 70-75.

Sammian, N. & Wiriiams, R.J. 1999, Mangrove tramsgression inte saltmarsh environ-
ments in south-east Australia. — Global Ecology and Biogeography, 8 : 117-124.

Smiti, T. & Huston, M. 1989. A theory of the spatial and temporal dynamics of plant
communities. — Vegeratio, 83 : 49-69.

Smrmw 1M1, T.J., Boro, K.G., Frusker, 5.D. & Gmpins, R.L. 1991, Keystone species and
mangrove forest dynamics : the influence of burrowing by crabs on soil nutrient sta-
tus and forest productivity. — Estuarine, Coastal and Shelf Science, 33 : 419-432.

SraLomc, M.D., Biasco, F. & FEwp, C.D. 1997. World Mangrove Atlas. — The
International Society for Mangrove Ecosystems, Okinawa, Japan, 187 pp.

Sterie, 0.C., Ewer, K.C. & GovLpstav, G. 1999. The importance of propagule predation
in a forest of non-indigenous mangrove trees. — Werlands, 19 (3) : 705-708.
STEVENS, PW, & MonTacug, C.L. 1999. The vacillation between saltmarsh and mangrove
communities at a transition between temperate and subtropical climate. — In ; 15th
Biennial International Conference of the Estuarine Research Federation “Where the

River Meets the Sea” (New Orleans, LA, U.S.A,, 25-30 Sept. 1999), 98 pp.

Svms, C. & Jones, G.P. 2000. Disturbance, habitat structure, and the dynamics of a coral-
reef fish community. — Ecology, 81 (10) : 2 714-2 729,

Tack, J.F. & Potk, P. 1999. The influence of tropical catchments upon the coastal zone :
modelling the links between groundwater and mangrove losses in Kenya, India and
Florida. — in : Haresr, D. & Brown, T. (Eds.), Sustainable management in tropi-
cal catchments. John Wiley & Sons Ltd,, London, UK.

Tam, N.EY., Vrumoep, L.L.P. & WongG, Y.S. 1990, Nutrient dynamics associated with leaf
decomposition it a small sublropical mangrove community in Hong Kong. —
Bulletin of Marine Science, 47 (1) : 68-78.

Tassan, S. 1987, Evaluation of the potential of the Thematic Mapper for marine applica-
tion. — fnternational Journal of Remote Sensing, 8 (10) : 1 455-1 478.

Twoiey, R.R., Pozo, M., Garcia, VH., RivEra-Monroy, V.H,, Zamerano, R. & Bobero,
A 1997. Litter dynamics in riverine mangrove forests in the Guayas River estuary,
Ecuador. — Oecologia, 111 : 109-122.

VeLmmov, B. 1986. DOC dynamics in a Mediterranean seagrass system. — Marine
Ecology Progress Series, 281 21-41.

VERHEYDEN, A. 1997, Ruimtelijke analyse van flora en fauna in mangrovegebieden van Sri
Lanka. — MSc Biology Thesis, Vrije Universiteit Brussel, Brussels, Belgium
(original langnage : Dutch).



— 511 —

VERHEYDEN, A., DaHDOUH-GUEBAS, F., THoMaEs, K., DE Genst, W., HETTIARACHCHL, S. &
Koepam, N. 2002. High resolution vegetation data for mangrove research as
obtained from acrial photography. — fn : Daupoun-Guesas, F. (Ed.), Remote sens-
ing and GIS in the sustainable management of tropical coastal ecosystems.
Environment, Development and Sustainability, 4 (2) : 113-133,

Waiter, H. & STemver, M. 1937. Die Okologie der Ost-Afrikanischen Mangroven, —
Zeitschrift fiir Botanik, 30 : 65-193,

WatsoN, J.G. 1928, Mangrove Forests of the Malay Peninsula. — Malagan Forest
Records, 6 : 1-275,

Waransky, E. 1992. Hydrodynamics of mangrove swamps and their coastal waters. —
Hydrobiologia, 247 : 141-161.

WoobrorsE, C.I3. 1990. The impact of sea-level rise on mangrove shorelines. — Progress
in Physical Geography, 14 (4) ; 483-520.

Wooprorre, C.D. 1995, Response of tide-dominated mangrove shorelines in morthern
Australia to anticipated sea-level rise. — Earth Surface and Landforms, 20 : 65-85.

Wooprores, C.ID. 1999, Response of mangrove shorelines to sea-level change. — Tropics,
8(3):159-177,





