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• ca. 40 peer-reviewed publications;
• >20 special publications (not refereed, popularising,…);
• >80 presentations on international conferences (e.g. Gordon 

Research Conference);
• 6 international scientific awards (e.g. Laureate Academy of 

Overseas Sciences; Prize Development Co-operation);
• co-supervision of ca. 50 students (incl. 7 current PhD fellows);
• …

VerwezenlijkingenVerwezenlijkingen –– AchievementsAchievements
19951995--20052005
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Het mangrove-ecosysteemHet mangrove-ecosysteem

The mangrove ecosystemThe mangrove ecosystem
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Salt Salt -- ZoutZout

Nico Koedam
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GematigdGematigd woudwoud MangrovewoudMangrovewoud
FysiognomieFysiognomie

TemperateTemperate forestforest Mangrove Mangrove forestforest
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LuchtwortelsLuchtwortels -- AerialAerial rootsroots

Photographs by Nico Koedam
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LevendbarendheidLevendbarendheid -- ViviparyVivipary
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FaunaFauna
Photographs by Jeremy Stafford-Deitsch
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FaunaFauna

Photographs by Stefano Cannicci, 
Marco Vannini, Ricardo Innocenti, 
Jeremy Stafford-Deitsch and Farid 

Dahdouh-Guebas
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FaunaFauna
Photographs by Jeremy Stafford-Deitsch
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Photographs by

Jeremy Stafford-Deitsch

Mangrove Mangrove ecosystemecosystem functionsfunctions

• breeding ground
broeden

• spawning ground
kuit schieten

• hatching ground
uitkomen

• nursing ground
kraamkamers

• refuge
• food
• anti-erosion
• primary

production
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De mangrovemensDe mangrovemens

The mangrove peopleThe mangrove people
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Jeremy Stafford-Deitsch Farid Dahdouh-Guebas

Mangrove Mangrove etnobiologieetnobiologie
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Anouk VerheydenFarid Dahdouh-Guebas

Mangrove Mangrove etnobiologieetnobiologie

Nico Koedam
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Photographs by Nico Koedam
and Farid Dahdouh-Guebas. Source : Dahdouh-Guebas et al.(2000a)

Mangrove Mangrove etnobiologieetnobiologie
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Farid Dahdouh-Guebas

Nico Koedam

Farid Dahdouh-Guebas

BedreigingenBedreigingen -- ThreatsThreats
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Photographs by
Nico Koedam

James G. Kairo
Farid Dahdouh-Guebas

and Jeremy Stafford-Deitsch

1993
2003

BedreigingenBedreigingen -- ThreatsThreats
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Het wetenschappelijk onderzoekHet wetenschappelijk onderzoek

The scientific researchThe scientific research
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DynamicsDynamics : : historicalhistorical aerialaerial photographyphotography

19561956

19741974

19941994
Identification key

Rhizophora mucronataoften at water side
wide spatial range

intermediate to darkvariableoften large-sized aggregating crownscontinuous canopy with crowns hard to 
distinguish

fine or coarse grainvery dark 
grey

or black

Sonneratia albaalways at water side
large-sized canopy

darkvariablevery large crownsdiscontinuous canopycoarse grain

Mangifera indica (mango)amongst terrestrial vegetation
sparse and regular distribution

intermediate to darkcircular 
canopy

regulardiscontinuous canopycoarse grain
‘peluche’ texture

Ceriops tagallandward side or mid-mangrovelightcircular 
canopy

small-sized crowns, lower than 
surrounding vegetation

continuous canopy
crowns not separately visible

fine grain and blurreddark grey

terrestrial vegetationlandward side or outside reach of 
mangrove vegetation

none (herbaceous layer), dark (often 
for trees) or variable

variablevariable, but in case of trees often larger 
than mangroves

often discontinuous canopyvariable

Avicennia marinalandward sidelightvariablesmall-sized crownsdiscontinuous canopy or continuous canopy with 
crowns hard to distinguish

fine grain

Avicennia marinawater sidesurrounding vegetation may be 
shaded intermediate to dark 

variablevery large crowns, often higher than 
surrounding vegetation

discontinuous canopycoarse grainlight grey

Cocos nucifera (coconut)sparse and regular distribution 
landward

light shadestar-shaped 
crown

regulardiscontinuous canopycoarse grain and/or 
blurred

infrastructure
(tracks, constructions)

often clearly man-madevariablevariablevariableirregularirregular

sandvariablenonevariablerather largeplain or irregularplain or irregularwhite

IdentificationPositionShadeShapeSizeStructureTextureTonality

GAZI (04°25’S - 39°30’ E)

tonality

texture structure+ + + size

shape

shade

+

+

+
position



ANGROVE
management group

DynamicsDynamics : : historicalhistorical aerialaerial photographyphotography
19561956 19741974

Source : Dahdouh-Guebas et al. (2000b)

19941994

WhichWhich changes changes cancan wewe seesee on on thethe fieldfield ??
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TerreinwerkTerreinwerk -- FieldworkFieldwork

Farid Dahdouh-Guebas

Farid Dahdouh-Guebas

Griet NeukermansJeremy Stafford-Deitsch

Helen Defever
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CanopyCanopy gap gap dynamicsdynamics
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Uyombo Kirepwe
Source : Dahdouh-Guebas et al. (2000), Kairo et al.(2002)

19.4010.87Basal area
(m2. ha-1)

12.110.4Mean height
(m)

465234Stem density 
(ha-1)

> 15> 15Diameter class
(cm)

KU

• most exploited area exhibits
lack of (preferred) long 
straight stems

Zware
impact

Lichte
impact

CanopyCanopy gap gap dynamicsdynamics
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145461R. mucronata
RC-III trees

728768C. tagal
RC-III trees

KUStem density 
(ha-1)

Source : Kairo et al. (2002)

400899C. tagal
ADULT trees

545433R. mucronata
ADULT trees

KUStem density 
(ha-1)

what people cut is what they prefer, but is not necessarily what regenerates

ADULT TREES :
U : C. tag > R. muc
K : R. muc > C. tag

YOUNG TREES :
U : C. tag > R. muc
K : C. tag > R. muc

CanopyCanopy gap gap dynamicsdynamics
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Farid Dahdouh-Guebas

BiotischeBiotische en en abiotischeabiotische milieufactorenmilieufactoren
- salinity
- pH
- temperature
- relative humidity
- sulphides
- redox potential

- soil cores
- texture, organisms
- TOC, TN, C:N, δ13C
- crabs, snails, soil fauna
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AnalytischeAnalytische methodenmethoden
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AnalytischeAnalytische methodenmethoden
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AnalytischeAnalytische methodenmethoden
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AnalytischeAnalytische methodenmethoden
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Detrended Correspondence Analysis  
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RetrospectionRetrospection--PredictionPrediction

PRESENT PRESENT -- HEDENHEDEN
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Actual dActual distribution of trees in the fieldistribution of trees in the field

…………DynamicDynamic
forestforest

…………StaticStatic
forestforest

ATAT≠≠YTYT≠≠JTJT......ATAT==YTYT≠≠JTJTATAT==YTYT==JTJT
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rejuvenating

( e.g. Galle)

………declining
(shifting)

( e.g. Galle)

DynamicDynamic
forestforest

(e.g. Gazi, Mida, Pambala)

declining
change

(shifting)

……rejuvenatingrejuvenatingStaticStatic
forestforest

ATAT≠≠YTYT≠≠JTJTATAT≠≠YTYT==JTJTATAT==JJTT≠≠YYTTATAT==YTYT≠≠JTJTATAT==YTYT==JTJT

Actual dActual distribution of trees in the fieldistribution of trees in the field

RetrospectionRetrospection--PredictionPrediction
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SpatioSpatio--temporaltemporal mangrove mangrove dynamicsdynamics : : howhow andand whywhy ??
RetrospectiveRetrospective methodsmethods

remoteremote
sensingsensing

groundground--
truthtruth

dendrodendro--
chronologychronology

interviewsinterviews historichistoric
archivesarchives

Photographs by Farid Dahdouh-Guebas, Griet Neukermans & Anouk Verheyden

soilsoil
coringcoring
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SpatioSpatio--temporeletemporele mangrovedynamiekmangrovedynamiek ::
hoehoe en en waaromwaarom ??

Retrospectieve methodenRetrospectieve methodenremoteremote
sensingsensing

•Historische luchtfotografie
•Multispectrale zeer hoge resolutie 
satellietbeelden (Ikonos, Quickbird)
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groundground--
truthtruth

•Tereinwerk op fauna, flora, 
landschap, milieufactoren,…

•Interacties tussen planten en dieren 
(positief, negatief, gedragsstudies)

•Impact-studies (bv. impact van 
garnaalkwekerijen)

Griet Neukermans

SpatioSpatio--temporele mangrovedynamiek :temporele mangrovedynamiek :
hoe en waarom ?hoe en waarom ?

Retrospectieve methodenRetrospectieve methoden
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dendrodendro--
chronologychronology

•Dendrochronologie
•Houtanatomie
•Ringvorming
•Relatie met milieu
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k
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n

SpatioSpatio--temporele mangrovedynamiek :temporele mangrovedynamiek :
hoe en waarom ?hoe en waarom ?

Retrospectieve methodenRetrospectieve methoden
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•Ethnobiologie / ethnoecologie
•Traditionele interacties tussen 
mensen, dieren en omgeving

•Percepties van mensen

interviewsinterviews
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SpatioSpatio--temporele mangrovedynamiek :temporele mangrovedynamiek :

hoe en waarom ?hoe en waarom ?

Retrospectieve methodenRetrospectieve methoden
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historichistoric
archivesarchives

•manuscripten, dagboeken, 
logboeken, tekeningen, schilderijen 
en kartografie

•voormalige maritieme koloniale 
mogendheden (bv. Vereenigde 
Oostindische Compagnie)

Va
n 

K
eu

le
n,

 1
75

3

SpatioSpatio--temporele mangrovedynamiek :temporele mangrovedynamiek :
hoe en waarom ?hoe en waarom ?

Retrospectieve methodenRetrospectieve methoden
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•Metersdiepe bodemboringen
•Stratigrafie, leeftijd, oorsprong, 
organismen, stuifmeel

soilsoil
coringcoring

SpatioSpatio--temporeletemporele mangrovedynamiekmangrovedynamiek ::
hoehoe en en waaromwaarom ??

Retrospectieve methodenRetrospectieve methoden
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beschrijving

kwantificing

impact
evaluatie

voorspelling

fundamenteel
onderzoek

GIS

AnalysisAnalysis
remoteremote
sensingsensing

groundground--
truthtruth

dendrodendro--
chronologychronology

interviewsinterviews

historichistoric
archivesarchives

soilsoil
coringcoring

SpatioSpatio--temporaltemporal mangrove mangrove dynamicsdynamics : : howhow andand whywhy ??
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• soortenrijkdom, biodiversiteit, biocomplexiteit;
• typologie en dynamiek van de vegetatiestructuur;

• silvimetrie;
• quantificatie van verandering;

• menselijke exploitatie, regeneratieve beperkingen;
• herbebossing, monitoring van restauratiesucces;

• digitale terrein modellering, propaguleverspreiding;
• veerkracht, voorspelling van assemblagetransities;

• vegetatiedynamiek en ecologische stabiliteit;
• processen en synergieën in propagule verspreiding.

beschrijving

kwantificing

impact
evaluatie

voorspelling

fundamenteel
onderzoek

OutputOutput
SpatioSpatio--temporaltemporal mangrove mangrove dynamicsdynamics : : howhow andand whywhy ??
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• Kan een mangrovebos degraderen en toch zijn functies behouden ?
• Welk ander vegetatietype kan de mangrove functioneel vervangen ?
• Hoe snel ontwikkeld of herstelt een mangrovewoud zich ?
• Welke flora, fauna, milieufactoren en –processen karakteriseren een 

functioneel mangrovewoud ?
• Welke continue en stochastische evenementen vormen een 

mangrovewoud ?
• Hoe stabiel is een dynamisch (mangrove)ecosysteem ?
• Onder welk scenario kan een mangrovewoud zich handhaven en 

onder welk scenario verdwijnt het ?

Concrete vraagstellingenConcrete vraagstellingen
SpatioSpatio--temporeletemporele mangrovedynamiekmangrovedynamiek : : hoehoe & & waaromwaarom??
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• Can a mangrove forest degrade and still keep its functions ?
• Which other vegetation type can functionally replace the mangrove ?
• How fast does a mangrove forest develop or rehabilitate ?
• Which flora, fauna, environmental factors and –processes

characterise a functional mangrove forest ?
• Which continuous and stochastic events shape a mangrove forest ?
• How stable is a dynamic (mangrove) ecosystem ?
• Under which scenario can a mangrove forest resist and under which

scenario does it disappear ?

Concrete Concrete questionsquestions
SpatioSpatio--temporaltemporal mangrove mangrove dynamicsdynamics : : howhow & & whywhy ??



ANGROVE
management group

StudiesitesStudiesites

Mexico
Mauretania

Gambia
Cameroon
Tanzania

Kenya
India

Sri Lanka
Vietnam
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Een geïntegreerde case-studyEen geïntegreerde case-study

An integrated case-studyAn integrated case-study
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How effective were mangroves as How effective were mangroves as 
a a defencedefence against the recent against the recent 

tsunami?tsunami?

FaridFarid DahdouhDahdouh--GuebasGuebas, , LokuLoku P. P. JayatissaJayatissa, , 
Diana Diana DiDi NittoNitto, , JaredJared O. O. BosireBosire,,
DannyDanny LoLo SeenSeen & Nico Koedam& Nico Koedam

www.vub.ac.be/APNA/research/biocomplexity.htmlJournal highlight in Current Biology 15(12), 21 June 2005



ANGROVE
management group

Qualitative distinction of Qualitative distinction of 
congenericcongeneric and and introgressiveintrogressive

mangrove species in mixed patchy mangrove species in mixed patchy 
forest assemblages using high forest assemblages using high 

spatial resolution remotely sensed spatial resolution remotely sensed 
imagery (IKONOS)imagery (IKONOS)
FaridFarid DahdouhDahdouh--GuebasGuebas,,

EllyElly Van Van HielHiel, Jonathan C., Jonathan C.--W. Chan,W. Chan,
LokuLoku P. P. JayatissaJayatissa & N. & N. KoedamKoedam

Systematics and Biodiversity 2(2): 113-119
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Transitions in ancient inland 
freshwater resource management 

in Sri Lanka affect biota and 
human populations in and around 

coastal lagoons.

FaridFarid DahdouhDahdouh--GuebasGuebas, , SanathSanath HettiarachchiHettiarachchi,,
DannyDanny LoLo SeenSeen, , OkkeOkke BatelaanBatelaan,,

LokuLoku PulukkuttigePulukkuttige JayatissaJayatissa & Nico Koedam& Nico Koedam

Cover paper of Current Biology 15(6), 29 March 2005
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• contemporary hydrological projects 
increasingly divert entire river systems for 
freshwater management;

• 1967 : Udawalawa project
• diversion of water to agricultural lands 

(paddy fields)
• increased nutient inflow and sedimentation
• siltation of the lagoon mouth
• hydrological, sedimentological and

salinity changes converted the brackish
lagoon into a freshwater body

ProblemProblem situationsituation
• lake-sized water reservoirs sustained 

highly developed ancient irrigation 
cultures in Sri Lanka for millenia;
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CloseClose--up up ofof KalametiyaKalametiya LagoonLagoon

1956 1994
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ObservedObserved ecologicecologic changeschanges

Are the changes due to transitions in inland water management?
• has local anthropogenic impact decreased ?  No !
• was there an artificial re-afforestation program ? No !
• is there a natural dynamism ? Yes but no !

- mangroves may display strong spatio-temporal dynamics;
- relative increase of this magnitude have never been reported;
- mangrove canopy turnover takes hundreds of years under
natural conditions (Chen & Twilley, 1998; Sherman et al., 2000);
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CalculatedCalculated hydrologichydrologic changeschanges
Are the changes due to transitions in inland water 

management ? Hydrological evidence :

∑+≈
=

3

1i
iUWS1W0W RFE)(tQ) - (tQ     

Qw = the discharge of the main river before (t0) and after (t1) dam construction;
EUWS = evapotranspiration large water reservoirs and irrigation scheme (UWS);
RFi is the return flow from the UWS to the three rivers feeding the lagoons;

( )[ ] ipaddyUWSi  EPRF  ETIS  -ID  RF ××=
IDUWS = irrigation demand of the irrigation scheme;
IS = irrigation surface;
ETpaddy = evapotranspiration for rice fields;
EPRFi = estimated proportion of return flow from irrigation 

scheme to river i.
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ReportedReported sociosocio--economiceconomic changeschanges

Questionnaire survey :
• period of living in association with the lagoon
• occupation
• source of water used for subsistence needs
• involvement in lagoon fisheries, fishermen demography
• fisheries catch (species, quantity)
• other uses of the lagoon
• fauna and flora in the lagoon ecosystem
• lagoon mouth dynamics
• identity and age
• sources of family income

Source : Dahdouh-Guebas (ed.) (2002)

Is there socio-economic evidence ?
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only 6 families involved in lagoon
fisheries for personal consumption

>25 families were involved in lagoon
fisheries for a living

freshwater fish species with no
commercial value caught in lagoon
fisheries

commercially important fish were
mainly marine/brackish/coastal
water species

if sold, shellfish priced by numbershellfish sale was in volumes of
basketfuls

seasonal shellfish catch is in a few
individuals per day

seasonal shellfish catch was in 1000s
of individuals per unit effort

no crystallization of salt, even during
severe droughts

people collected crystallized salt
from the lagoon for cooking

lagoon water used for bathing and
washing

lagoon water not used for drinking, 
bathing or washing

PRESENT situationBEFORE changed hydrography
Is there socio-economic evidence ?

ReportedReported sociosocio--economiceconomic changeschanges
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ObservedObserved ecologicecologic changeschanges
Are all plants in the mangrove environment true

mangrove species ?

AcrostichumAvicennia, ExcoecariaRhizophoraceae

• terrestrial
• introgressive
• invasive

• pioneering species, less 
typical of mature stands

• eurytopic (fresh)
• less valuable
• disturbance resistant
• how functional ?

• typical of mature 
stands

• stenotopic (salt)
• valuable
• vulnerable
• functional

Mangrove 
associates

Resistant
mangrove species

Vulnerable 
mangrove species
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management group 156.0 (+550.0 %)24.0All mangroves

17.0 (-12.8 %)19.5Mixed mangroves
139.0 (+2988.9 %)4.5Sonneratia caseolaris

Kalametiya

165.5 (+24.0 %)133.5All mangroves
95.3 (+6.7 %)89.3Mixed mangroves
70.2 (+58.8 %)44.2Acrostichum aureum

Kahandamodara

132.5 (+28.4 %)103.2All mangroves
94.3 (+4.4 %)90.3Mixed mangroves
38.2 (+196.1 %)12.9A.spp+E.aga+A.cor

Rekawa

Area in 1994 (ha) and 
areal change with 

respect to 1956 (%)

Area in 
1956

Mangrove
Species/assemblageLagoon

Is the mangrove expansion good ? No !

!!! Cryptic ecological degradation !!!

ObservedObserved ecologicecologic changeschanges
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Are there novel socio-economic consequences ?

Farid Dahdouh-Guebas

• Yes, Mangrove apple juice, jam and ice cream
• But do they outbalance the functions lost ?

- fuelwood, timber and non-timber products;
- ecological key role;
- fisheries;
- physical barrier against
ocean influences.

SocioSocio--ecologicecologic functionalityfunctionality
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• 26 December 2004 : tsunamiramp in Indische Oceaan :

• mangroven kunnen een fysische bescherming bieden tegen 
getijde-golfslag, zeeniveaustijging, cyclonen, tsunamis, 
overvloedige regenval (vb. El-Niño) en rivierafstroming;

• hebben mangroven deze functie vervuld tijdens de tsunami ?
• ‘crime scene investigation’ van een natuurlijk experiment;
• probleem : bestaande mangroven zijn zelden ongerept;
• menselijke impact op mangroven : omzetting naar 

garnaalkwekerijen, toeristische resorts,…
• preliminaire vergelijking van pre-tsunami toestand van het woud 

en schade door de tsunami;

BarrièrefunctieBarrièrefunctie van van mangrovenmangroven
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• 26 December 2004 : tsunamiramp in Indische Oceaan :

BarrièrefunctieBarrièrefunctie van van mangrovenmangroven

A. pre-tsunami oppervlakte van de frontale mangroven (voorste 500m, 
een conservatieve band die mogelijk bescherming biedt tegen een 
tsunami);

B. de hoeveelheid mangroven vernietigd vóór de tsunami;
C. de ‘natuurlijkheid’ van de mangrove, in functie van ontbossing en 

cryptische ecologische degradatie;
D. tsunamischade aan de voorste mangroven; en
E. tsunamischade aan levens en eigendommen in het achterliggende 

mangrovewoud en in de kustzone achter de mangroven.
Combinatie van deze karakteristieken in pre-tsunami mangrove 

status (A+B), aanwezigheid van cryptische ecologische 
degradatie (C), en tsunamischade (D+E) :
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Source : Dahdouh-Guebas et al. (2005c)

BarrièrefunctieBarrièrefunctie van van mangrovenmangroven
Clusteranalyse (groep-gemiddelde) op basis van 
Bray-Curtis similariteit :
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BarrièrefunctieBarrièrefunctie van van mangrovenmangroven

Photographs by Loku P. Jayatissa
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NoodzaakNoodzaak voorvoor……
• Waarschuwingssysteem voor mangrovedegradatie;

Nico Koedam
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NoodzaakNoodzaak voorvoor……
• Waarschuwingssysteem voor mangrovedegradatie;

• Voortgezet onderzoek naar barrièrefunctie (worteltypes, 
vegetatie-formaties, kustmorfologische condities…)

• Inzicht in spatio-temporele dynamiek van mangroven, zowel 
natuurlijk als anthropogeen;

• Veerkracht, responstijd, functionaliteit, stabiliteit van mangroven 
in natuurlijke situaties, onder menselijke beïnvloeding, bij 
chronische veranderingen en bij stochastische natuurrampen.
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