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SUMMARY. - Although the spatio---tempoml 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. At 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 ; Krah ; Ordinatie ; Teledetectie ; Kenia ; Sri Lanka ; 
Mauretanie. 

SAMENVATTTNG. - Alhoewel spatio-temporele veranderingen in de oppervlakte, in de 
structuur en in de samenstelling van mangroven, gedefinieerd a\s mangrovevegetatiestruc
tuurdynamiek, wereldwijd weinig bestudeerd worden, vonnen de resultaten die enkele 
studies hebben ontwikkeld een goede basis om verschi!lende dynamiek-typen te herken
nen. Deze identificatie is belangrijk in het genereren van informatie met betrekking tot de 
verleden, de huidige en zelfs de toekomstige evolutie van een mangrovewoud, en in het 
beslissen of er al dan niet artificiele 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, en hydrologie teneinde een integratief bee Id te vormen over hoe de mangrove 
functioneert. 

* Paper, pre~e11ted at the meeti11g 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 Manageme111 Group, Vrije 

Universiteit Brussel, Pleinlaan 2, B-1050 Brussels (Belgium). 
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Mors-CLES. - Mangrove ; Crabe ; Ordination ; Teledetection ; Kenya ; Sri Lanka ; 
Mauritanie. 

REsUME. - Synthese de la dynamique existante et potentielle de la structure vtgttale 
de la mangrove a partir d'itudes de ca.s au Kenya, au Sri Lanka et en Mauritanie. - Bien 
que Jes changements spatio-temporels dans la swface, Ja structure et Ja composition de la 
mangrove, definis comme la dynamique de la structure vCgCtale de la mangrove, aient ete 
peu CtudiCs ~ travers le monde, Jes resultats produits par quelques Ctudes forment une 
bonne base pour reconnaitre diffetents types de dynamique. Cette identification est 
imponante pour gCnerer l'infonnation sur le pass€, le present et meme sur l'Cvolution 
future de la mangrove, et pour d&:ider si une regCoCration artificielle est !lecessaire. Cette 
contribution synthCtise les types thCOriques de dynamique de la structure vCgCtale de la 
mangrove et les illustre d'exemples pratiques. En mt!me temps elle expose comment ce 
type d'Ctude peut ttre combine avec des themes de recherche comme Ja gCnCtique de con
servation, la restauration de la mangrove, Jes caracteristiques de son peuplement et 
l'hydrologie afin de se forger une idCe du fonctionnement de la mangrove. 

What Encompasses "Dynamics" ? 

A verification of the tenn "dynamics" in recent literature on marine science 
or forestry, relevant to the study of general mangrove ecology, reveals that this 
tenn 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 (RlcE & TENORE 

1981, NEWELL 1984, BLAIR 1988, TAM et al. 1990, CHEN & TWILLEY 1999), DOC 
dynamics (VELIMIROV 1986), sediment or detritus dynamics (BRAKEL 1984, 
F'LoRES-VERDUGO et al. 1987) and hydrodynamics (WOLANSKI 1992, KITHEKA et 
al. 1995, KrrHEKA 1997). In a faunal context "dynamics" has referred to behav
ioural clustering dynamics (GHERARDI & VANNINI 1992), community dynamics 
(SvMS & JoNES 2000) and spatial and temporal dynamics (LUGOMELA 1995). In a 
vegetation context "spatial and temporal dynamics" has been used as well (SMlTI-1 
& HUSTON 1989, MURALI et al. 1998), next to litter dynamics (BROWN 1984, 
TWILLEY et al. 1997), biomass dynamics (DE BOER 2000), canopy dynamics 
(HERWm et al. 1998) and population dynamics (CLARKE 1995, JIMENEZ & SAUTER 

1991, FROMARD et al. 1998). 
In a number of cases tenns as "mangrove forest dynamics" (SMmt et al. 

1991), "vegetation dynamics" (HEIL & VAN DEURSEN 1996, DAHDOUH-GUEBAS et 
al. 2000a) or simply "dynamics" (Purz & 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 tenns have the above meaning, to others these tenns might seem less mean
ingful. Therefore we suggest to adopt the tenn "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 

REMCJrE SENSING 

In the past two decades remote sensing technology prevailed for acquisition 
of full coverage data on vegetation (GANO & AGATSIVA 1992 ; CoHEN et al. 1996 ; 
RAMACHANDRAN et al. 1998 ; DAHDOUH-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 remote sensing tech
nologies in the past and for the future (REHDER & PATIERSON 1986, TASSAN 1987, 
ASCHBACHER et al. 1995, BLASCO et al. 1998, HOLMGREN & TURESSON 1998, 
HYYPPA et al. 2000, DAHDOUH-0UEBAS 2002). 

The integration of data on vegetation structure dynamics from different 
moments in time has become almost entirely dependent on remote sensing (HmL 
& VAN DEURSEN 1996, MURALI et al. 1998, KADMON & Jwwu-KREMER 1999, 
DAHOOUH-GUEBAS et al. 2000a), which usually constitutes the only retrospective 
basis of long-term comparison to actual vegetation data (DAIIDOUH-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-borne 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 l 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 (DAHDOUH
GuEBAS 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 dynamics was positively evaluated (loc. cit.). 
However, providing correct mangrove tree species lists is essential (IAYATISSA 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 et al. 1997), but 
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great benefit arises when combining these data with other vegetation layers 
(MURALI et al. 1998; 0AHOOUH-GUEBAS 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 (DAHDOUH-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 (DAHOOuH-OUEBAS et al. 2000a, 2001b, 2002a). 

If the vegetation layers with adult, 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 I summarizes the possible combinations of 
vegetation 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. OseoRNE & BERJAK 

1997). From a case study in Sri Lanka (DAHDOUH-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 (loc. cit.). Another exam
ple to illustrate a 0-type is the condition of the Pare National du Banc d'Arguin 
in Mauritania, where adult Avicennia genninans (L.) Steam trees usually do not 
show young or juvenile trees in their understory (DAHDOutt-GUEBAS & KoEDAM 
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 areas 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 et al. 
2000b), C. tagal is actually the species that pre-empts the gap in the canopy 
(KAIRO 2001, KArao et al. 2002). What is preferred is logged, but what is logged 
is 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 (JAYATISSA et al. 2002b). 

A forest with adult, young and juvenile trees generally rejuvenates (rejuvena
tion dynamic type or J-type I )-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". If 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 )-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 Sri Lanka (DAHDOUH-GUEBAS 
et 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 Sri Lanka (loc. cit.). Also the studies by KAIRO et al. (2002) and 
JAYATISSA 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 (i.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 
dose 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 static or dyoamic nature (as evident from retrospective research). judging from the similar(=) or dissimilar(;<) dis
tributiom; 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 mechani~ms. The bullets represent exclusive options. Underlined examples for the respective situations have been taken 
from existing studies 

A ' ' ' ' ' • ' ' ' ' ' ' ' ' YI= AT=YI" JT A_.1·= • YT AT" YT= A "YT" 
• reJ11verutting lorest. . de,:Hning forest. in . decllnlng forest. Ul w,th element,, of a which YT fail to find areas 

' . nonnal rej11venati11g dynamic fore.st nature. ,n appropriate to grow in and 
which IT fail to find areas . dedilli11g forest 

• fores1 which JT an: spread over a IT largely originate from 
appropriate to grow and IT . change in static nature 

' Static forest 

I 
wider area 1han where !hey AT, bu! possihly wiU be 

largely originate from IT . (shift to dynamic 
~ . challge in static narure 

can actually estahlish '""'" . (shift to dyWllllic 
narure) 

" . (shifttodynamic 

6 (PAHDOLlH-GUEBAS et al, 2001b. 20Q2a) 
nature) 

nature) 

" . n>Jllvenatlng forest. • . declining forest . oonnal rejuveoating 
wah elements of a slalic . rejuvew,ting forest . rej11venating forest 0 . (shift 10 static nature) forest • forest nature, ,n which IT wilh elements of a slatic wilh element, of a mnic 

!i Dynamk forest 
an; •~ad oser a wider forest nature, in which IT forest nature, in which JT DAHDOCH-GUEBAS er _a_f_ DAHDOUH·GUEBAS eta/. 

fpot)a,_2001b) 
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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 
(OCA), 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. 2(X)(), DAHDOUH· 
GuEBAS 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 detennined 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 MACNAE (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 still much in use today (GALLIN et 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 (WATSON 1928), has been rejected (DAHOOUH-GUEBAS et al. 
2002b). 

Whereas the zonation issue and particularly the causes of its fonnation 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 tenn 
"moving mosaic" (figs. 2 and 4) was introduced by DAHOOUH-GUEBAS et al. 
(2(K)Qa) 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 tenned a "growing mosaic". DAHDOUH-GUEBAS 
et al. (2(X)()a) suggested that a moving mosaic vegetation structure dynamic may 
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m:11 on three J.1fferen1 anJ chrouolo11eally ou.k~d inun~1t, in wni;: (1 .1_ :1nd 1,). The shnde~ rc:prc 
"~nl d1Jlcrcol m11J1gnm. ln:..: .!ip:dn 

be ,ypicaJ for mangroves tlull are characterized by im irregular topography 
mMea<l of the frcqucn1 ly cncoumcrcd ioicr1 idal :,lope. In areal\ where mangroves 
arc clearly LOne:d. changes in \'egeuuion structure oflcn rollow a nuhcr pro
nounCL."<l imcnic.lal ~lope (DAHDOL'H-GtiEBAS e1 u/. 2001 b).The vegcrntion struc-
1urc cJyn.unic-. that occur under thc~c circum'\tanccs can be 1yp1Jicd 3S ··~hilting 
wnes" (fij!. 4). ,f Lhe zones are displaced entirely. or as "growing wnes" ctig, 3 
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and 4) if the 1011c, become huger (positive grow1J1. l'.g. seaward patchc, in Ga1.i 
Lhal have fragmtntctl the mixed cn~mgmve 1onc into severuJ a:sscmblage1', Ii~. J) 

or i;mallcr (neg.olive gmwth. t1,g landward Al'it'em,ia pmch..:s in Gazi, Jig. 3). 
~ome clear exa1nph!!!. of 1.he l:tUer type,'- of Lrnnsgressive (somctnncs introgrc~
M\'c) vcgeta1ion ~truc-1ure <lyn:unics can be fouod as rcspon~c.s l>f mangroves Lo 
,elective cutting by people (DAHoouu-GuE&AS et al. 2000b. 2002a: KA1•0 2001, 
et c,I. 2002), 10 ~l!a-le,·el ch~1ogc or Lo aJtercd tidal hydrodynamics cWoouKot-1-1•. 
19QO, 1995. 1999. SA!Nlll.A~ & W11.11A\IS 1999), and 10 oulurnl events (SruvENs 
& Mos1Ar;HP 1999. SAINHI.AN & WU.LIAMS 199</, Nu11y1 N er al. 2000). In the 1,11• 
u.•r 1wo case,;, however. the ··stuJUng 1.one'' t."<1nccpt applies to the cmirc man 
gro\'c cco~y~rem rttlher thau 10 \'egcla.tion assemblages !-.pecificully. 

Vegc1ation <.lru..:turc dynamic~ of mangrove, 1s ul-:o o.w,o<aa1cd wnh <succc;;s
,;;ion. panieularly in a Mlu:mon 10 which a naked or denuded habtt!tt 1s col()t1iLccl 
and funher dcvelopS. We recogni1£ lhree categories: llotistj(; accretion. t1oristic 
inva,ion and tlori~Llc i.Jorrnnancc!/cxLmction Oi,g. SJ. ··Ftorbuc accretion .. occurs 
when a firsl pioneering <.p\."Ctes •~ in p;-in re'il')Om,ible for the dcvdopme111 of ncv. 

t, l. l , 

Uonsttc :1ccrc1ton 

11011s11c c.lommancl! 
nu11..,IIC C\;llllCllrnl 

t--1g 5 - T)•~, of ,ratit)-tcmpo,:11 Oo,u.t,c ~uC'Ct,~wn m ,cgct111wn "'"'•t lun· Jynamk., ; On11,l1~ 
uccrcbon. tlori.,;rk- in.,-.u1on llO\I 0111-.:.tn: dom1n:mcc/~x1111e11un. Lcgen(I a., in hl,.'Urc 4 
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adjacent zones, mostly located more landward. This is the case for several 
species of the pioneering mangrove genera Avicennia or Sonnemtia (OseoRNE & 
BERJAK 1997). "Floristic invasion" occurs when an est.ablished zone is invaded by 
another species that develops within the originaJ 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. (DAHDOUH-GUEBAS et 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 (cf 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 Pare National du Banc d'Arguin (PNBA), at the 
northern biogeographica1 limit of mangroves along the West-African coast (ea. 
19°-20° N), Avicennia germinans is the sole mangrove-tree species that consti
tutes the mangrove ecosystem in a very discontinuous formation (DAHDOUH

GUEBAS & KOEDAM 2001). 
"Vegetation structure dynamics", as defined above (i.e. 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 
sanle 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 (DAHDOUH-GUEBAS & KoEDAM 2001). The only possible case would be for 
the sebkha formation to evolve into a shrub formation. In the PNBA, the lack of 
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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 (KAIRo 1995) and because of indirect factors such as siltation and ground
water fluxes (TACK & PoLK 1999), mangrove forests are adversely affected both 
quantitatively and qualitatively all around the globe (PER.NEITA 1993a, b ; 
RUTZLER & FELLER 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 optimal 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 et al. 1996, CALoz & 
COLLET 1997). DAHOOUH-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 (FIELD 1996). The first step is to col
lect infonnation 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 
(FARNswoRrn 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 
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(HOLMGREN et al. 1997, HOLMGREN & TuuRESSON 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 interlering 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) 
(KArao 2001). In South• West Sri Lanka the occurrence of mangrove forests in a 
highly fragmented way, is mainly due to man as well {DE SILVA & 
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 et al. 2000a, 2001b, 2002a). A prediction following 
from combination with investigations on the distribution of young and juvenile 
trees confirms this (loc. cit. ). The above studies therefore lead to a suggestion of 
both forest areas-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 (SMmI & HusTON 
1989; McKEE 1995; MCGUINNESS 1997; DAHDOUH-GUEBAS et al. 1997, 1998; 
DAHDOUH·GUEBAS 2001c). 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 & ONo 1995). DAHDOUH-GUEBAS et al. 
(1999b), BALLERINI et al. (2000), CANN1cc1 et al. (2000), DAHDOUH-GUEBAS et al. 
(2001c) and DAHDOUH-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 SMITil & HUSTON (1989), OSBORNE & SMmI (1990), McKEE 
(1995), McGUINNESs (1997), DAHDOUH-GUEBAS et al. (1997, 1998), STEELE et al. 
(1999), 0AHDOUH-GUEBAS (2001c) and Au.EN et al. (2003). The results found for 
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A synthesis of the findings on propagule predation in Kt:nya and Sri I...anb (DAHDOUH-GUEBAs et al. 1997, 1998 ; Dahdouh-Guebas, 2001c) 

KENYA SRILANKA 

..... ,erential predation among forest rones : differential p1rn.J1tioo among rorest patches: 
more predation in landward and Rhizophora dominated more predation in Excoecaria dominated patches 

zones 8 
no differential predation among mangrove propagules : wuerential pceoation among mangrove propagules : 

all species are predated Avicennia predated more than Bruguiera, which in tum is 
predated more than Rhizophora 

differen ...... predation among mangrove crabs : oifferenU81 p11CUation 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 (DAHOOUH-GUEBAS & KOEDAM 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 
to 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 (DAHOOUH-GUEBAS 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 tree 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 fonnations. 
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