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Abstract

The m angrove vegetation of a disturbed and undisturbed site in both Kenya and Sri Lanka was investigated in 
the field for three vegetation layers: adult trees, young trees, and juvenile trees. A  m inim um  of 25 sample points, 
in which the vegetation was described and environm ental factors (salinity, light intensity, land/water ratio, abun­
dance of herbivorous crabs and snail abundance) were m easured or estimated, were taken on each site. Detrended 
correspondence analysis (DCA) and canonical correspondence analysis (CCA) were used to summ arize the data 
bulk, to investigate the vegetation dynam ics (e.g., com parability of species distribution in the three vegetation 
layers), and/or to link the vegetation data to the environm ental factors. Results showed that species clusters were 
relatively easy to delineate, whether mangrove zonation was present or not. Am ong the environm ental factors, 
the abundance of propagule predators (mostly sesarmid crabs) contributed significantly to the variation in veg­
etation and could be an explanatory param eter for the observed vegetation data in a majority o f sites. In the site 
where it was not, the most im portant factor in the ordination was the land/water ratio, which is im portant at the 
ecological level as well (link between water level and vegetation dynam ics). However, none of the environm en­
tal factors could successfully explain the total variability in the vegetation data suggesting that other, more de­
term ining factors exist. Our results further provide inform ation on the dynamic or non-dynamic nature of a forest 
and on its ability to rejuvenate, and m ay contribute to appropriate forestry m anagem ent guidelines in the future.

Introduction

Vegetation dynam ics, defined as changes in stand 
structure and com position over time, are a m ajor as­
pect of vegetation ecology (e.g., Putz and Chan
(1986); Smith and Huston (1989); Heil and Van 
Deursen (1996); M uraii et al. (1998); D ahdouh-G ue­
bas et al. (2000c)), yet such research has received 
little attention. Very often, the study of vegetation 
dynam ics relies on rem ote sensing, com bined with 
geographic inform ation systems (GIS), and usually 
constitutes the only retrospective basis of com parison 
to actual vegetation data (Dahdouh-Guebas et al. 
2000c). In addition, this type of research can gener­

ate results w ith direct application to forest m anage­
m ent planning (e.g., Holmgren et al. (1997); 
Holmgren and Thuresson (1998)). Studying appropri­
ate forestry variables and param eters and applying 
them  to specific vegetation layers in a certain se­
quence can generate invaluable data on past, present, 
and even future vegetation structure dynamics.

Am ong the tools that are available to analyse veg­
etation data, ordination algorithms are an appropriate 
choice to explore the relationship between the vege­
tation structure and the environm ent (Kent and Coker 
1992). However, in mangrove ecology, particularly in 
studies on vegetation dynamics, ordination algorithms 
have seldom  been utilized (e.g., Ukpong (1995)). In
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the past, vegetation dynam ics have been deduced 
from ordinations focusing on one tim e stamp (e.g., 
from principal com ponent analysis by Hobbs and 
Grace (1981)), but these analyses create problem s that 
can be overcome by repetitive analysis over time. 
Studies of the m angrove vegetation using sequential 
aerial photography has shown that autogenous 
changes can occur in m angrove ecosystems (Dah­
douh-Guebas et al. 2000c). Since mangroves becom e 
increasingly threatened by various hum an impacts 
(e.g., ITTO (1993); Pernetta (1993); IUCN (1996); 
Farnsworth and Ellison (1997); Kjerfve et al. 
( 1997)Dahdouh-Guebas et al. (2000a, 2000b, 2000c 
(in press), 2001)), there is a need to investigate the 
m angrove vegetation w ith the purpose of predicting 
changes in the future. A dverse alterations in vegeta­
tion structure could then be countered in tim e by var­
ious forms of hum an interference, such as artificial 
rehabilitation.

In this study we investigate and com pare the veg­
etation structure and com position from  different veg­
etation layers o f undisturbed and disturbed m angrove 
sites in Kenya and Sri Lanka using two ordination 
techniques. In order to interpret presence/absence and 
abundance data from  different vegetation layers, we 
em ployed the use of detrended correspondence anal­
ysis and canonical correspondence analysis, to ex­
plore the com parability of species distribution in the 
different vegetation layers and to test the hypothesis 
that the environm ental factors m easured contribute 
significantly to the observed variability in the vegeta­
tion, respectively. In addition, we dem onstrate how 
such an ordination study may reveal the vegetation 
structure dynamics, test the underlying explanatory 
hypotheses, and allow for prediction of future vege­
tation changes.

Description of the study sites

Single undisturbed and disturbed study sites were 
chosen in both Kenya and Sri Lanka (Figure 1). The 
Kenyan study sites were located in M ida Creek (3°20' 
S, 40°00 ' E) and Gazi Bay (4°26' S, 39°30' E). M ida 
Creek has a narrow opening towards the ocean lo­
cated about 100 km north of Mombasa. The creek has 
no overland freshwater input, but benefits from  a high 
groundwater outflow (Tack and Polk 1999). Gazi Bay, 
a m angrove bay widely open to the ocean, is located 
about 40 km  south of M ombasa. Unlike M ida Creek, 
Gazi Bay is fed by two seasonal rivers. M angroves in

Pambala
Galle

KENYA
i SRI
LANKA

Mida
Gazi

Indian Ocean

90°E

Figure 1. Map of the western part of the Indian Ocean showing 
the locations of our study sites in Kenya and Sri Lanka. For de­
tailed cartographic material on these study sites we refer to Dah­
douh-Guebas et al. (2000a, 2000b, in press); Gallin et al. (1989); 
Kairo (2001).

both M ida Creek and Gazi Bay constitute a fringing 
forest type (cf. Lugo and Snedaker (1974)). The m an­
groves in Gazi Bay have long been over-exploited for 
wood and, likewise, is disturbed. A lthough w oodcut­
ting is also occurring in M ida Creek (Dahdouh-Gue­
bas et al. 2000a), the mangroves are m uch less af­
fected in M ida Creek than in Gazi Bay (Kairo 2001).

O f the two m angrove forests investigated along the 
southwestern side of Sri Lanka, the first one was lo ­
cated in the Pam bala area of Chilaw Lagoon, in Sri 
Lanka’s interm ediate climate zone (M ueller-Dombois 
1968). The mangroves there are of the fringe type 
(c.f., Lugo and Snedaker (1974)), and have a rather 
irregular distribution along a com plex of creeks (i.e., 
M aram bettiya Ela, Bate Ela, Pol Ela, and Dutch 
Channel). M ost freshwater influx originates from  the 
Karam balan Oya catchment, whereas outflow to the 
sea is possible at Chilaw (07°35'48" N, 079°47'25" 
E) and Toduwawa (07°29'30" N, 079°48'16" E). The 
Pam bala site is well preserved and has the greatest 
species diversity in Southwestern Sri Lanka (Jayatissa 
et al. 2002). Nevertheless, the mangroves in Chilaw 
Lagoon have recently been subjected to strong an­
thropogenic influences as a result o f shrimp farming
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(Foell et al. 1999; D ahdouh-Guebas et al. 2000c, in 
press).

The second Sri Lankan m angrove forest was lo­
cated between Galle and U naw atuna (06°01 'N  -  
80°14 'E) in the w et climate zone of Sri Lanka (Muel- 
ler-Dom bois 1968). This basin and riverine mangrove 
type (cf. Lugo and Snedaker (1974)) covers an area 
of 1.5 km 2 and is located at about 600 m  from  the 
Indian Ocean shore. Two rivers run through the m an­
grove forest-the Thalpe Ela, which discharges into 
the ocean, and the Galu Ganga, which is a tributary 
of the former. The m angrove forest in Galle has been 
subjected to anthropogenic influence over the last 50 
years (Dahdouh-Guebas et al. 2000c).

A ll ten East-African m angrove species occur along 
the Kenyan coast - Avicennia marina (Forsk.) Vierh., 
Bruguiera gymnorrhiza  (L.) Lam ., Ceriops tagal 
(Perr.) C.B. Robinson, Heritiera littoralis Dryand., 
Lumnitzera racemosa  W illd., Pem phis acidula  Forst., 
Rhizophora mucronata  Lam ., Sonneratia alba  Sm., 
Xylocarpus granatum  Koen, and X. moluccensis 
(Lamk.) Roem. The com m on species present in Pam ­
bala (Sri Lanka) are Aegiceras corniculatum  (L.) 
Blanco, Avicennia officinalis L., Bruguiera gym nor­
rhiza, B. sexangula  (Lour.) Poir., Excoecaria agal­
locha  L., Lumnitzera racemosa, Rhizophora apicu­
lata Bl., R. mucronata, and Xylocarpus granatum. In 
Galle the com mon species are B. gymnorrhiza, B. sex­
angula, E. agallocha, H. littoralis, and R. apiculata. 
A  considerable area in the forest was covered with the 
non-m angrove herbaceous species Fimbristylis sal- 
bundia  (Nees) Kunth subsp. pentaptera  (Nees) T. 
Koyama. For a more detailed description of the m an­
grove species and mangrove associates in Pam bala 
and Galle, we refer to Jayatissa et al. (2002). The 
taxonom y and nom enclature of mangrove species are 
according to Tomlinson (1986); Duke and Jackes
(1987); Duke (1991).

A part from  the more species diverse nature of 
m angroves in Sri Lanka, there are two other main 
differences between the Kenyan and Sri Lankan sites. 
The first is the spring tidal amplitude, which is more 
than 3.5 m  in Kenya, but less than 1 m  in Sri Lanka 
(Spalding et al. 1997); locally the tidal amplitude 
changes as little as 15 cm per w eek throughout the 
year (Dahdouh-Guebas et al. 2000c). The second d if­
ference concerns mangrove species zonation. In 
Kenya zonation is very pronounced in all mangrove 
areas, whereas in Sri Lanka species zonation is sel­
dom  present (i.e., very localized partial or semi-zona- 
tion). In both Sri Lankan sites, there was no slope in

upper or lower intertidal areas. In contrast, Pam bala 
contains a plateau with pools and Galle possesses a 
multitude of small islands and pools, prim arily result­
ing from the burrow ing activities o f the mangrove 
mud lobster Thalassina anomala  Herbst.

Methods

In each of the m angrove sites, sample points (Table 1) 
along parallel as well as orthogonal transects were 
chosen at 10 m  intervals. In each sample point, 4 
quadrants were established as in the Point-Centred 
Q uarter M ethod of Cottam  and Curtis (1956). The 
height and D 130, a new term  coined by Brokaw and 
Thompson (2000) to deal w ith the unstandardised use 
of diam eter at breast height (DBH), o f the adult and 
young trees (Ht < 1.3 m  or D 130 < 2.5 cm) closest to 
the sample point were recorded in each quadrant (= 
quarter). Total vegetation coverage in the 5 x 5 m 2 
quadrat (= square) nearest to the sampling point was 
estim ated in each quadrant (as in the Braun-Blanquet 
relevé method). M easurem ents were taken in July 
1996 for M ida Creek, in January 1997 for Galle, in 
February 1997 for Pambala, and in July 1997 for Gazi 
Bay.

In the same 5 x 5 m  quadrats, m angrove juveniles; 
defined as propagules, seeds, or young plants with no 
more than 6 leaves; were identified and counted. At 
each sample point the following environm ental fac­
tors were measured: salinity (using an A tago refrac- 
tometer, S/M ill-E, Japan), light intensity (using a 
Lutron luxmeter, LX105, France), and, in the 10 x 10 
m 2 area around the sample point, centre land/water 
ratio (visually estimated), crab burrow  density, and 
Terebralia palustris  L. snail density. All factors were 
investigated in M arch-April 1998 and Novem ber 
1999 for both Galle and Pambala, in April 1999 for 
Gazi Bay, and in M ay 1999 for M ida Creek. The dry 
season is in January and February, whereas the peaks 
of the wet season are around M ay and N ovem ber in 
both Kenya and Sri Lanka.

Vegetation data were inserted into two types of 
matrices -  one based on presence/absence data (0 or 
1), and the other based on abundance data, ranging 
from 0 -  4 per sample point (i.e., 4 quadrants togeth­
er). For each of these two types of matrices, three 
sub-types of m atrices were created, which included 
adult and young trees alone, or adult and young trees 
com bined with juveniles based on either a separate 
input for each of the fieldwork expeditions or a com-
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bination of all fieldwork expeditions. In our view the 
latter was most representative for the study of the 
m angrove vegetation structure dynamics, since the 
place (= quadrat) that a juvenile reaches is more im ­
portant than the tim e (= fieldwork expedition) in 
which it reaches that particular quadrat. However, the 
spread of fieldwork expeditions indicate the annual 
variability o f juvenile distribution. The separate m a­
trices of adult and young trees tell us more about the 
relation with environm ental variables, since the 
'no ise ' that new juveniles w ith a com prom ised future 
m ight introduce in the matrices is removed.

U sing PC ORD for W indows (M cCune and M ef- 
ford 1997), DCA  (Detrended Correspondence A naly­
sis: Hill and Gauch (1980)) or CCA (Canonical Cor­
respondence Analysis: Ter Braak (1986, 1994)) were 
applied. The percentage of variance in the m atrix that 
is explained by each axis was calculated. For the 
DCA  this calculation was done a posteriori by calcu­
lating the coefficient of determ ination (r2) between 
Euclidean distances in the ordination space and those 
in the original space. The environm ental variables and 
param eters used in the CCA were selected according 
to their relevance as suggested in the scientific litera­
ture. Environm ental variables included salinity (aver­
aged if  not significantly different between seasons), 
light intensity, land cover, and abundance of herbivo­
rous crabs and snails. M onte Carlo tests were per­
form ed to determ ine the significance of the eigenval­
ues and of the species-environm ent correlations up to 
a significance level of 0.001 (= 999 runs).

It is essential to recall and em phasize at this point 
that DCA  was used only to explore and view the data 
set. Independent from  all causal factors, the distribu­
tion of tree species in adult, young, and juvenile veg­
etation layers in the DCA  provides insight into the 
present and potential future vegetation dynamics. Past 
dynam ics were reflected by frequency distributions in 
part based on D 130 classes at 2.5 cm intervals. The 
CCA, on the other hand, was used as a hypothesis- 
testing technique to understand some of the determ in­
ing environm ental factors im portant in the establish­
m ent o f a particular m angrove vegetation structure. 
A fter obtaining the CCA results, based on both veg­
etation and environm ental data, the results from  the 
DCA, based exclusively on vegetation data, was used 
once more to evaluate whether the environm ental fac­
tors chosen contributed substantially to the total vari­
ability in vegetation.

Results

From  the structural attributes o f the vegetation, tree 
densities and forest heights are higher in the less dis­
turbed forests (Table 1). This is true for basal area in 
the Sri Lankan site, but not in the Kenyan sites. Gazi, 
although disturbed, is dom inated by Rhizophora m u­
cronata with a presence of very large Avicennia m a­
rina and Sonneratia alba  trees, the latter two species 
of which greatly influence the total basal area of the 
forest. Nevertheless, the undisturbed sites (M ida and 
Pambala) are structurally more com plex than the dis­
turbed sites (Gazi and Galle), according to the com ­
plexity indices (Table 1).

The variation in species data and the com parabil­
ity o f the distribution of species in the different veg­
etation layers in each of the sites were analysed in the 
DCA  (Figure 2, Table 2), whereas the hypothesis- 
testing com bination of species and environm ental 
data is shown in the CCA (Figure 3, Table 3). For a 
majority o f the ordinations ( 87%), those based on m a­
trices with abundance data (.0-4) had better explana­
tory pow er than those based on presence-absence val­
ues only. The exclusion of juveniles from the input 
matrices, explored in the research phase, did not alter 
the explanatory pow er of the ordination or the ease 
of interpretation substantially and are therefore not 
shown. Except for Pambala, the ordinations incorpo­
rating the juvenile trees can be interpreted without 
severe com plications and the presence of the juve­
niles is im portant from  a future vegetation structure 
stand point. For Pambala, the com bination of many 
species and their juveniles render interpretation diffi­
cult and therefore the ordination was repeated om it­
ting the juvenile trees (Figure 4, Table 4). The om is­
sion of the outliers formed by young Heritiera littora­
lis trees in this ordination, did likewise not affect the 
ordination results.

A lthough the species-environm ent correlations in 
the CCA were highly significant along the first axis, 
except for M ida Creek, and along the second axis, 
except for M ida Creek and Galle, the environm ental 
variables m easured explained but a small part o f the 
variation in species data. Generally, the variance ex­
plained was low in all sites (Table 2). Nevertheless 
some rem arkable patterns can be recognized. For in­
stance, some species-environm ent associations can be 
recognized in the CCA and inform ation on mangrove 
vegetation structural dynam ics can be inferred based 
on both types of ordinations. However, such an inter-
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Figure 2. Plots of the detrended correspondence analysis in Mida (a), Gazi (b), Pambala (c) and Galle (d). For Mida Xylocarpus granatum 
formed an outlier to the ordination and was therefore omitted from the input matrix. Points of one species are encircled and where necessary 
the points have been shaded to ease interpretation. See Table 2 for numerical results. See Fig. 4a for a simplified graph of Pambala. (AT = 
adult trees, YT = young trees, JT = juvenile trees, propagules and seeds, Acor = Aegiceras corniculatum, Amar = Avicennia marina, Aoff = 
Avicennia officinalis, Bgym = Bruguiera gymnorrhiza, Bsex = Bruguiera sexangula; Ctag = Ceriops tagal, Eaga = Excoecaria agallocha, 
Hlit = Heritiera littoralis, Lrac = Lumnitzera racemosa, Rapi = Rhizophora apiculata, Rmuc = Rhizophora mucronata, Rspp = Rhizophora 
juveniles that could not be identified unambiguously to species level, Salb = Sonneratia alba, Xgra = Xylocarpus granatum).

pretation can be perform ed independently from the 
indirect ordination (DCA) only (see discussion).

The species-environm ent correlations that can be 
recognized from  the biplots in Figure 3, bearing in 
m ind that the account of other non-m easured biotic 
and abiotic factors remain to be elucidated but are 
different by site. One of the com m on results is the fact 
that species clusters usually appear where fewer her­

bivorous crabs and snails are present (Figure 3). The 
same can be observed more clearly in Figure 4b for 
Pambala, where the species associated with low crab 
abundances are all propagule producing species, 
namely: Aegiceras corniculatum, Avicennia officina­
lis, Bruguiera gymnorrhiza, Rhizophora apiculata, 
and R. mucronata. In Galle, crab abundance was so 
poorly associated with the second axis as com pared
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to other environm ental factors, that it did not even 
show on the biplot (Figure 3d). In Galle, where tidal 
influence is minimal, a slope is absent and a mosaic 
of islands and pools is present. The land-water ratio 
is responsible for most of the variation in vegetation 
data (intraset correlation = -0 .870). In the same site 
the association of Excoecaria agallocha  and H eriti­
era littoralis w ith high land cover values, and that of 
Rhizophora apiculata  w ith interm ediate land cover 
values (Figure 3d), reflects the field observation that 
the former two species are usually located on top of 
the small islands, whereas R. apiculata  is often grow ­

ing on the margin of an island with roots in the w a­
ter. In the zoned m angroves (Gazi and M ida) the spe­
cies assemblage clusters are more separated and rec­
ognisable than in the sem i-zoned (Pambala) or non­
zoned (Galle) mangroves. Between the less disturbed 
sites (M ida and Pambala) and the disturbed sites 
(Gazi and Galle), no clear and relevant differences 
were found in the ordinations.

Frequency distributions based on D 130 classes at 
2.5 cm intervals were com bined with frequency dis­
tributions of juveniles during the fieldwork missions
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Table 2. Eigenvalues and an assessment of how the variance ex­
plained is distributed among the primary axes of the detrended 
correspondence analysis in Mida (a), Gazi (b), Pambala (c) and 
Galle (d). The evaluation is performed by calculating the coeffi­
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graphical results.

(a) Mida Axis 1 Axis 2 Axis 3

Eigenvalue
r2 variance explained (%) 
(b) Gazi

0.370 
57.3 
Axis 1

0.154 
8.30 
Axis 2

0.066 
7.70 
Axis 3

Eigenvalue
r2 variance explained (%) 
(c) Pambala

0.404 
54.1 
Axis 1

0.195 
10.0 
Axis 2

0.092
3.5
Axis 3

Eigenvalue
r2 variance explained (%) 
(d) Galle

0.787 
20.5 
Axis 1

0.434
9.4
Axis 2

0.251 
-3.7 
Axis 3

Eigenvalue
r2 variance explained (%)

0.436
23.1

0.217
15.6

0.153
4.8

Bsex - y j  /»/AoffAT 

A com T

• ' • /  /(m ) RaP‘AT 
7  /  RapiYT

RmucYTÈLracAT
racYT

BgymA-
BgymY

0 /A offY T

RmucATi

Sal98
HlitYT

Axis 1

Figure 4. Graphical output of the DCA (a) and the CCA (b) for 
adult and young mangrove trees in Pambala. (Legends as in Fig­
ures 2 and 3).

and are shown in F igure 5. It can be seen that for 
some species certain D 130 classes are missing.

Discussion

Vegetation investigations have developed a greater 
dependence on rem ote sensing technology in recent 
years (e.g., Gang and A gatsiva (1992); Cohen et al. 
(1996); Ram achandran et al. (1998); D ahdouh-G ue­
bas et al. (1999)), and ‘review s' and ‘advances' that

em phasize and com pare the potential of various re­
mote sensing technologies, case-studies, and future 
applications are being reported (e.g., Rehder and 
Patterson (1986); Tassan (1987); Aschbacher et al. 
(1995); Blasco et al. (1998); Holm gren and Thures- 
son (1998); H yyppä et al. (2000)). In contrast to this 
growing literature base, our study proposes a slightly 
different approach and creates a sim ilar but non­
m apped output using ordination techniques to provide 
new insight into the past, present, and future vegeta­
tion structure of m angrove forests. O f particular im ­
portance are predictive capabilities for m angrove deg­
radation. M angrove areas m ay well have a luxurious 
vegetation cover and thus be m apped successfully, in 
the field, and in particular in the youngest layers of 
the understory, the situation m ay be different com ­
pared to the past (Kairo 2001). In fact, the understory 
of an extensive forest may indicate degradation.

As shown in the results, species clusters are clearly 
distinguishable and to a certain extent the zonation or 
semi-zonation present in the sites can be detected 
along a line that is closely associated to the first axis 
(Figure 2). Some species, such as Ceriops tagal, 
Rhizophora apiculata  and R. mucronata, have re­
stricted dispersal (species cluster w ith small coverage 
on the first axis), w hereas others, such as Avicennia 
marina and Excoecaria agallocha, are distributed 
over considerably larger areas (species clusters with 
a wide coverage on the first axis). For Avicennia ma-
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Table 3. Eigenvalues, variance in species data, and species-environment (Spp-Env) correlations for the primary axes from the canonical 
correspondence analysis in Mida (a), Gazi (b), Pambala (c) and Galle (d). The p-values from the Monte Carlo tests, which tested the sig­
nificance of the eigenvalues and the Spp-Env correlations, are indicated between brackets and significant results with an asterisk. See Fig­
ure 3 for graphical results.

(a) Mida Axis 1 Axis 2 Axis 3

Eigenvalue
Variance explained (%) 
Pearson Spp-Env correlation 
(b) Gazi

0.097 (p = 0.317) 
10.3
0.536 (p = 0.702) 
Axis 1

0.035 (p = 0.551) 
3.7
0.481 (p = 0.543) 
Axis 2

0.011 (p = 0.766) 
1.2
0.408 (p = 0.402) 
Axis 3

Eigenvalue 
% variance explained 
Pearson Spp-Env correlation 
(c) Pambala

0.054 (p = 0.022)* 
3.7
0.505 (p = 0.028)* 
Axis 1

0.032 (p = 0.004)* 
2.2
0.423 (p = 0.025)* 
Axis 2

0.012 (p = 0.162)
0.9
0.327 (p = 0.095)* 
Axis 3

Eigenvalue 
% variance explained 
Pearson Spp-Env correlation 
(d) Galle

0.348 (p = 0.001)* 
7.4
0.693 (p = 0.031)* 
Axis 1

0.130 (p = 0.002)* 
2.8
0.666 (p = 0.001)*
Axis 2

0.067 (p = 0.002)* 
1.4
0.418 (p = 0.258) 
Axis 3

Eigenvalue 0.127 (p = 0.001)* 0.039 (p = 0.055) 0.023 (p = 0.065)
% variance explained 6.6 2.0 1.2
Pearson Spp-Env correlation 0.636 (p = 0.001)* 0.364 (p = 0.204) 0.360 (p = 0.054)

Table 4. Eigenvalues and an assessment of how the variance explained is distributed among the primary axes of the DCA (a) and the CCA 
(b) in Pambala. The evaluation of the DCA is performed simply by calculating the coefficient of determination (r2) between distances in the 
ordination space and distances in the original space (see text). The p-values from the Monte Carlo tests, which tested the significance of the 
eigenvalues and the Spp-Env correlations in the CCA, are indicated between brackets and significant results with an asterisk. See Figure 4 
for graphical results.

(a) DCA Axis 1 Axis 2 Axis 3

Eigenvalue 0.788 0.465 0.301
r2 variance explained (%) 32.8 13.6 1.5
(b) CCA Axis 1 Axis 2 Axis 3

Eigenvalue 0.294 (p = 0.007)* 0.117 (p = 0.006)* 0.051 (p = 0.210)
% variance explained 5.7 2.3 1.0
Pearson Spp-Env correlation 0.634 (p = 0.025)* 0.476 (p = 0.054) 0.372 (p = 0.274)

rina  this is clearly linked to its pioneer nature (cf. 
Osborne and Berjak (1997)). A. marina  spreads seeds 
over a w ider area than where they can actually estab­
lish. Therefore they display a distribution pattern for 
juvenile trees that is less associated to that for the 
adult trees than that for young trees. This same life 
history characteristic is true for Avicennia officinalis. 
This cannot be confirmed, however, for Heritiera lit­
toralis, where young trees were observed in the sec­
tion of Pam bala where conspecific adult trees are ab­
sent. A dult Heritiera  trees were observed in Pam bala 
but outside the study area (pers. obs.). Contrary to the 
pioneering role played by these species, the same pat­
tern observed for E. agallocha  is explained by an in ­

crease of the terrestrial nature of the vegetation. E. 
agallocha  is a disturbance resistant species (Tomlin­
son 1986) that can also easily colonise new areas over 
a small temporal scale (Dahdouh-Guebas et al. 
2000c). It is always located at the highest topographi­
cal levels in the m angrove and therefore often asso­
ciated to terrestrial non-m angrove species such as the 
herbaceous Fim bristylis salbundia  subsp. pentaptera  
(pers. obs.). In total, less than half o f the species clus­
ters display the associated adult-young tree distribu­
tion as com pared to the adult-juvenile tree distribu­
tion.

The results o f the frequency distributions show 
that Xylocarpus granatum  is not rejuvenating in
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M ida, whereas it is a relatively new  species in Pam ­
bala. Also, Heritiera littoralis can be considered to 
show a relatively recent establishm ent in Galle. To­
gether with Avicennia  and Rhizophora  species, the 
above two species are known to grow to very tali trees 
in Kenya and Sri Lanka. This is not true for other 
species, which m ay explain the smaller D 130 classes 
represented. The frequency distribution for Bruguiera  
gymnorrhiza  in M ida (Fig. 5a) lacks two successive 
D 130 classes in between classes that are actually rep­
resented. A lthough no such anom alous patterns in 
D 130 classes are observed for Rhizophora mucronata 
or Ceriops tagal in the same site, their patterns were 
also more variable than expected. Com paring all sites 
confirms the degree of disturbance, since the less d is­
turbed M ida and Pam bala clearly have more and taller 
trees than Gazi and Galle. The observed D 130 fre­
quency distributions further revealed some differ­
ences between disturbed and undisturbed sites in 
term s of num ber and size of trees. In M ida, although 
a less disturbed site, the anom alous frequency distri­
butions observed for Bruguiera gymnorrhiza, Ceriops 
tagal, and Rhizophora mucronata could be the result 
o f a higher harvesting preference for these species, as 
was shown by Dahdouh-Guebas et al. (2000a); Kairo 
(2001). However, the species harvested are obviously 
preferred by man, but the species harvested are not 
necessarily the species that regenerate.

The appearance of species clusters in the CCA 
where fewer herbivorous crabs and snails are present, 
except for the species that are predated less or not at 
all, like Excoecaria agallocha, Lumnitzera racemosa, 
or Xylocarpus granatum, agrees with the observed 
predation intensity by these animals in Kenya (Dah­
douh-Guebas et al. 1997, 2000b) and Sri Lanka (Dah­
douh-Guebas 2001). The land/water ratio in Galle, 
which was the m ost im portant explanatory variable 
for vegetation data (Figure 3d), is probably due to its 
high ecological importance to vegetation dynam ics. It 
was suggested recently that the water level in m an­
grove areas that lack a clear slope (and therefore 
hardly display zonation) is a m ajor factor in the es­
tablishm ent of a particular vegetation structure and 
that, interacting with propagule predation, it is a driv­
ing force in the dynam ics of a m angrove forest (Dah­
douh-Guebas 2001). Sites with an irregular topogra­
phy like Galle will create microhabitats for juvenile 
and adult m angroves and associated fauna that will 
change with different hydrological factors.

Rhizophora  species are among the species that dis­
play distribution patterns that are difficult to link with

the environm ental factors m easured in this study. Vi­
sual observations in Kenya (M ida and Gazi) have, in 
contrast, revealed that the vegetation zone dominated 
by Rhizophora mucronata  and that dom inated by Ce­
riops tagal, located at higher intertidal areas, corre­
sponds with the upper topographical lim it o f the area 
flooded during neap tide periods and consequently 
w ith the tim e the vegetation is submerged. According 
to Brakel (1982) this elevation corresponds to at least 
1 hour of imm ersion per tidal cycle, but this can vary 
significantly between sites (Dahdouh-Guebas et al., in 
press). Under the lower tidal influences in Sri Lanka, 
the conditions for Rhizophora  are different and tem ­
porally irregular, but nevertheless also vary from per­
m anent flooding by freshwater in the rainy season to 
very little flooding in the dry season. However, in 
Galle, many Rhizophora  trees are in contact with 
pools. In Pambala, association with pools is only the 
case for the m ost landward and the m ost creekward 
Rhizophora  individuals. Contact at both ends with 
water probably leads to a below-ground supply for the 
Rhizophora  trees located farther from the surface w a­
ter. W hereas the influence of groundwater supply on 
m angrove distribution has clearly been dem onstrated 
by Tack and Polk (1999) for the Kenyan coast, in Sri 
Lanka no conclusive results have been found. A nother 
variable that probably plays a substantial role is the 
soil texture. It has recently been found that soil tex­
ture is a major explanatory factor in the distribution 
of sesarmid crabs (Ballerini et al. 2000; Cannicci et 
al. 2000), and a recent study on rooting of mangrove 
species in Sri Lanka suggests that soil texture also in­
fluences the distribution of m angrove species (Dah­
douh-Guebas et al. 2001). O ther edaphic characteris­
tics, such as nutrient availability, may be important 
explanatory factors but rem ain untested within ordi­
nation investigations.

This study shows that ordinations can provide in­
formation with respect to the dynam ics of a vegeta­
tion assemblage by using different vegetation layers 
per species as an input, rather than single species. The 
dynam ic or non-dynamic nature of a particular forest 
is captured by ordination approaches, and annual 
monitoring of the juveniles can reveal whether or not 
the forest is rejuvenating. The com bination of a for­
est's  dynam ism  and its rejuvenation provides a pos­
sible indication on the destiny of a forest and may 
raise the awareness to protect or to rehabilitate a m an­
grove area. Com bined with rem ote-sensing and GIS 
and in-depth knowledge of silvicultural restoration 
techniques, the m ethodololgy used in the present
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Figure 5. Frequency distributions of D 130 classes (at 2.5 cm intervals) combined with frequency of juveniles during the fieldwork missions. 
The right part of the frequency distributions provide information about the history of the forest, whereas the left part may be used for infer­
ence about the future. The young Heritiera littoralis tree in Pambala was omitted because it does not display on the logarithmic scale.

study opens doors to the developm ent o f an early- velopm ent of an em ergency plan for declining man- 
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grove forests long before degradation symptoms are 
visible in the field.
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