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Abstract 
The authors analyzed the development of the size structure of some mangrove stands in Southeast Asia 

and how it changed with growth, productivity and growth performance, as a source of diverse benefits to 
sustain the livelihood of local residents. The similarity of the development pattern of natural Rhizophora- 
dominant stands to that of plantations suggested that the former were established as nearly evenly aged pure 
stands. Stand productivity varied according to dominant species, such that the pioneer Avicennia stand 
examined in Ranong was smaller than the late successional Rhizophora stand, reflecting low tree density with 
a smaller basal area. Regional or environmental differences were also apparent, e.g., the annual biomass 
growth rates in Kantang and some regions on the Thai Gulf side exceeded 15 Mg ha-1 yr-1 while those of 
Ranong and Merbok ranged between 10 and 15 Mg ha-1 yr-1, and stands in Bali showed smaller productivity, 
around 5 Mg ha-1 yr-1. The lack of a large river system supplying fertility from upper tributaries was the most 
likely factor affecting Bali’s low productivity. With biomass increase, forests release much plant mass as dead 
trees, and this loss sometimes reaches the same level of net gain in mangroves. The average tree weight of 
natural Rhizophora-dominant stands at certain stand densities showed lower productivity than those of planta-
tions and this tendency was common over wide regions of Thailand, Malaysia and Indonesia. 
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1. Introduction 

 
Mangroves offer great benefit to local residents 

(Watson, 1928; Yamada, 1997; FAO, 2007), sustaining 
daily life in several ways. This valuable vegetation, 
however, has been disappearing quickly in recent 
decades due to overuse, deforestation and conversion to 
other land uses (FAO, 2007; Tabuchi, 2006). Such rapid 
disappearance undoubtedly threatens the livelihoods of 
people living among mangroves. The loss has been large 
in Southeast Asia as the region most central to mangroves 
in terms of both extent and plant diversity (Spalding et al., 
2010) due to several forms of human impact. For exam-
ple, Thailand lost more than half of its mangrove area 
during the quarter century starting in the 1960s, and 
Malaysia lost 12% of its in the 1980s. Therefore, the wise 
use of remaining mangroves in a sustainable manner is a 
prime proposition and measures for managing the forests 
have to be established based upon the traits of forest 

development, e.g., growth patterns, productivity. 
One of the characteristics of mangroves in Southeast 

Asian countries is that they face human interference in 
destructive ways such as tree harvesting. This aspect 
shall be taken into account as a major agent when we 
consider or predict development of mangrove forests for 
conservation through sustainable resource use in partic-
ular, even though such forestry might be managed in a 
proper manner and quick recovery accomplished.  

Another important characteristic of mangroves in this 
region is the presence of a large hinterland which sup-
plies a flow of rich silt and nutrients from upper tributar-
ies. The rapid sedimentation caused by the rich supply of 
matter from wide upper catchments (Woodroffe, 1992; 
Smith, 1992) allows the forests to develop and change 
quickly.  

The objective of the present paper is to describe the 
traits of some mangrove stands in Southeast Asia with 
special reference to their development, e.g., change of 
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structure and productivity. There have been many studies 
on the productivity of mangrove forests; however, few 
studies have successfully traced changes in the same 
stands over time (Putz & Chan 1986; Ong et al., 1985, 
1995; Ong, 1993; Poungparn et al., 2012) due to diffi-
culties such as human impacts threatening the existence, 
diversity and productivity of mangroves. Therefore, we 
tried to show the dynamics of mangrove stands by 
monitoring data over eight or twelve year periods in 
Thailand and a two year period in Malaysia in the present 
paper.   

 
2. Study Sites and Methods 

 
2.1 Sites 

Monitoring data of some mangroves in Southeast 
Asian countries were used for this study. The sites were 
Suksamran, Ranong Province, and Kantang, Trang 
Province and Samutsongkhram province in Thailand, 
Merbok, Kedah State and Matang, Perak State in 
Peninsula Malaysia, and Benoa Bay, Bali Province and 
Gili Sulat, Lombok, NTB Province in Indonesia. Besides 
these, a young experimental stand planted in a shrimp 
pond in (vii) Samutsongkhram Province in Thailand was 
studied. Parameters characterizing the studied stands are 
listed in Table 1.  

 

2.2 Methods 
a. Plot establishment 

We established study plots to detect stand structure 
and biomass, and to monitor the stand dynamics in some 
regions of Southeast Asia. The plots were square to 
rectangular in shape, and varied from 100 to 10,000 m2 in 
size, reflecting the extent of stand and canopy tree sizes 
and the study objectives as well. 
b. Tree census 

In each plot, all trees larger than 4 cm in trunk 
diameter (D: cm) or larger than 1.3 m in height were 
numbered, marked measured position to repeat measure-
ment, and mapped for further repeated tracing; and the 
species were recorded along with the D measurement. In 
the case of Rhizophora species, D was measured at 0.3 m 
above the root collar while DBH (diameter at breast 
height: 1.3 m above ground level) was measured as D for 
non-Rhizophora species. Tree height (H: m) was meas-
ured for some sample trees to determine the D-H curve 
for further H estimation.  
c. Biomass estimation 

Allometric equations for mangrove trees (Komiyama 
et al., 1988) were applied to estimate partial tree weight 
by organ using D2H as the size parameter. In the case of 
the young plantation in Samutsongkhram, another series 
of allometry with using H as the size parameter (Tabuchi 
et al., 2007) was applied as follows for weight estimation, 

Table 1  Parameters to characterize study stands. 
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since many trees were not enough large to allow DBH 
measurement. 

 
wS=  0.1063H2.2039 (1),   
wB =  0.026H3.0848 (2), 
wL=  0.0243H4.247 (3),   
wRa =  0.1097H3.2044 (4) 
 
Standing biomass was calculated as the sum of 

individual tree weights over a certain land area (Mg ha-1). 
The mass of dead trees during censuses was also esti-
mated as the biomass loss.  

 
3. Results and Discussion 

 
3.1 Pattern of size structure changes 

The structural changes of stands in plantations and 
natural forest during twelve years are shown in Fig. 1. 

The natural stand showed decreased tree density (ρ: trees 

ha-1) from 1,001 to 598 together with the growth of 
average D of Rhizophora trees. The predominant species 
accounted for 97% of tree density in this stand, from 16.7 
to 24.0 cm while the basal area of the stand grew from 
25.6 in 1987 to 29.7 m2 ha-1 (Tabuchi, 1990). A common 
pattern was found in size structure and its change as 
growth occurred when tracking the same stand over 
several years, so that the single modal D frequency curve 
gradually decreased its peak height, shifting mode 
toward larger sizes and decreased tree density rapidly.  

The resemblance of patterns of size structure 
sequences between the plantations and the natural stand 
suggests that the natural stand grew in a similar manner 
to an even- aged pure stand, like a plantation. The mass 
propagation by Rhizophora’s viviparous seeds trans-
ported by tides may allow the establishment of stands 
within a short period, and its poor shade tolerance (Kitao 
et al., 2003) possibly suppresses additional recruitment 
once a stand is established. The fact that no seedlings in 
four stands at the Ranong site survived during the 
monitoring period over eight years in spite of continuous 
seedling supply by tides may support the explanation 
above.  

 
3.2 Stand development  

The relationship between standing biomass (Mg ha-1) 
and age of some stands on the west coast of the Malay 
Peninsula and in Bali are shown in Fig. 2. The 
32-year-old stand is the oldest among them. In this figure, 
data are plotted from either plantations or natural stands 
of known age after regeneration. The curves drawn in the 
figure suggest annual biomass growth rates of 5, 10,  
15 and 20 Mg ha-1, respectively. Plantation data in 

 
Fig. 1 Change of D distribution pattern with stand development 

of mangroves in Kantang, Trang Prov., Thailand. 

 (1) Plantation, (2) Natural forest  
 Numbers 7, 19, 20 and 32 in (1) are stand age. 
 

Fig. 2 Relationship between standing biomass and stand age. 

 Av: Avicennia pure or mixed stands. Ra: Rhizophora stands. 
 The lines shown with values in the figures, from upper to 

lower, are the level of 20, 15, 10 and 5 Mg ha-1 yr-1 in biomass 
increment rate. 

(1) 

(2) 
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Kongsanchai (1988) in mangrove stands around the Gulf 
of Thailand are plotted in the same figure.  

There were clear differences in growth rate by region 
and species. Rhizophora- dominant stands in Ranong and 
Merbok showed similar paths of biomass growth by  
age. Annual growth rates ranged between 10 and 15  
Mg ha-1 yr-1, and plantations in Kantang showed much 
higher growth rates than naturally regenerated stands, 
from ca. 15 to above 20 Mg ha-1 yr-1, reflecting high 
productivity in habitat with rich matter supply from 
upper tributaries. Plantations on the Gulf of Thailand side 
showed similar growth rates to Kantang plantations.  

Para-rubber cultivation in Thailand originated in 
Kantang in the early 20th century and quickly spread 
widely (Institute of Southern Thai Study, 1986). Exploi-
tation of natural forests as rubber plantations as well as 
regeneration of plantations every 30 years or so caused 
continuous soil erosion at the landscape level and possi-
bly supplied fertile silt downstream. 

There may be several possible agents affecting the 
productivity of mangroves, e.g., inundation frequency, 
salinity of water, climate and nutrient supply.  

It may be worthwhile to evaluate the function of the 
rich silt supply from intensively exploited hinterlands as 
one of the possible agents bringing high productivity to 
plantations in Kantang and the well exploited Thai Gulf 
side in comparison with Ranong, which was less ex-
ploited until the late 20th century. 

A frequency distribution of annual biomass growth 
rates, calculated as biomass divided by age, of mangrove 
stands in Ranong as an example of the west coast of the 
Malay Peninsula, where mangrove wood used to be har-
vested for charcoal making is shown in Fig. 3. These 
stands were supposed to have been regenerated after 
clear felling 18 to 19 years ago. The mode was in the 
class of between 10 and 12 Mg ha-1 yr-1 with an average 
of 11.5 Mg ha-1 yr-1. The growth rate changed by age,  
as seen among pristine mangroves in Matang where 
periodical harvesting continued in a sustainable manner,  
which showed a maximum standing biomass growth of  

18 Mg ha-1 yr-1 in ten-year-old stands as a result of 
monitoring over seven years, declining to 13 at 15 years 
of age, and 12 at 25 years of stand age (Ong et al., 1985, 
Ong, 1993, Ong et al., 1995). However, the officially 
expected growth rate of the Matang mangrove forest in 
Malaysia was 5.7 Mg ha-1 yr-1 (calculated from the final 
harvest of 179 Mg ha-1 at 30 years of age). (Muda & Nik, 
2003). The potential productivity of Thai mangroves may 
satisfy the growth rate officially expected in Malaysian 
charcoal making and make it possible to utilize them as a 
source of charcoal, although all mangrove harvesting 
concessions have been cancelled in Thailand. 

The growth rates of plantations in Bali, in contrast, 
are low –less than 10 Mg ha-1 yr-1– due to low produc-
tivity of habitat. Low stand productivity can be observed 
in natural old growth stands in Bali, at ca. 12 m at a maxi-
mum at canopy heights in the vicinity of the study site. 
That low productivity may reflects poor fertility owing to 
the lack of a large river as a nutrient transporter pouring 
into the bay.   

Different dominant species also affect biomass and 
growth rate, so Avicennia alba-dominant stands in 
Ranong show growth rates of around 5 Mg ha-1 yr-1, while 
Rhizophora species-dominant stands of the same age 
have growth rates larger than 10 Mg ha-1 yr-1 despite 
being located nearby. This difference probably reflects a 
difference in basal area, with Avicennia stands in this 
study having a smaller basal area, of 10.9 to 12.3 m2 ha-1, 
than those of Rhizophora stands, of 22.0 to 24.5 m2 ha-1, 
even though all the stands had closed canopies.  

Differences in growth rates can be observed between 
natural stands and plantations, with the growth rate of a 
natural stand in Trat Province, east Thailand being 7.88 
to 10.06 Mg ha-1 yr-1 (Poungparn et al., 2012), which is 
much lower than those of plantations on the Gulf of 
Thailand coast (Kongsanchai, 1988) although differences 
in age must be considered. 

 
3.3 Increment and loss with growth 

Figure 4 shows annual biomass changes, both 
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Fig. 3 Frequency distribution of annual standing biomass 

increment (biomass divided by age) of mangroves (39 
stands) in Suksamran, Ranong, Thailand.   

 

Fig. 4 Biomass changes with stand development in natural 
forests, Kantang, Trang, Thailand.  

 Open circle ○: net annual increment.  
Solid circle ●: annual loss by death. 
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increments and losses by death, during two sequential 
censuses of a natural forest in Kantang from 1987 to 1999. 
The values were converted into annual rates. Annual 
increments as net growth amount were often affected by 
the occasional death of large trees, as shown by large 
fluctuations. Estimates over twelve years provided a 
clearer trend, with biomass increasing by ca. 133 Mg ha-1 
during the twelve years from the initial 437 Mg ha-1 or 
11.1 Mg ha-1 annually with a decline of tree density ρ 
from 1,001 to 598 (trees ha-1). The biomass loss from 
deaths of standing trees mainly due to natural competi-
tion during the stand’s growth over the twelve years was 
131.3 Mg ha-1 in total or 10.9 Mg ha-1 annually.  

This stand was thus assumed to produce at least  
22 Mg ha-1 of dry matter as gross value annually, releas-
ing a large dead mass nearly equal to the net increment, 
according to simple coupling of increment and loss. This 
large gross value was found even when the other 
components, e.g., leaf, branch and root litter produced, 
uncounted during censuses, were ignored.  

 
3.4 Biomass allocation 

The partial biomass by organ, i.e., aboveground roots, 
stems, branches and leaves with stand age are shown in 
Fig. 5. Leaves and aboveground roots accounted for a 
large portion of Rhizophora stands at the very beginning, 
as standing biomass was quite small – ca. 4 Mg ha-1. 
Aboveground roots accounted for ca. 30% of total bio-
mass in the very initial sage. Then as the stand developed, 
above-ground roots decreased and then stayed at about 
10% of the total. Stems rapidly increased their share with 
development accounting for 70% to 80% of the total 
amount. Branches stayed at ca. 10% from the beginning 
but leaves decreased their share to a quite small amount 
as biomass increased. As the leaf biomass of pure and 
even-aged closed stands increases quickly at the young 
stage then reaches a constant level after passing through 
its peak (Kira & Shidei, 1967), the leaf biomass of 
Rhizophora stands showed its peak when the standing 
biomass grew to ca. 200 Mg ha-1, then stabilized within a 
range between 10 to 18 Mg ha-1 at ten to 15 years of age. 
The nearly steady proportion of above-ground roots after 

stand establishment suggests Rhizophora stands need a 
certain amount of stilt roots to sustain their growing bio-
mass on the soft muddy substratum.  

 
3.5 Growth and density  

We plotted the relationship between average tree 
weight and tree density of stands in Fig. 6 to show the 
potential pattern of size structural change with stand 
development, then examined the extensibility of full 
density curves of Rhizophora stands in Thailand, which 
Kongsanchai (1988) proposed, applying the 3/2 power 
law of self-thinning (Yoda et al., 1963). We compared the 
mangrove data of this study taken over a wider region, 
including Thailand, Peninsular Malaysia and Indonesia 
to Kongsanchai’s (1988) data.  

The relationship we obtained is based on the universal 
phenomenon that plant populations decrease in density 
with biomass accumulation (Shidei, 1956; Kira 1957a, b, 
c; Tadaki, 1964; Ando, 1968; Harper, 1977), and are 
described by a formula between the average plant weight 
(w) and plant density (ρ) of a species in pure, closed 
stands as, 

 
w = K･ρ-3/2   (5) 
 
where K is a coefficient that varies by species.  
This relationship drawn on a log-log diagram shows 

the potential of the species so that w and ρ of any stand 

Fig. 6 Full density curves for natural forests (broken line) and 
for plantations (solid line). 
○: natural stands and ●: plantations of this study; : natural stands
and ▲: plantations after Kongsanchai (1988) 
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can be plotted beneath this curve. The value K is, there-
fore, useful for indicating the characteristics of mangrove 
stands too. Kongsanchai (1988) has examined the full 
density curve of the 3/2 power law for mangroves to 
analyze the population dynamics with stand development 
using data from plantations on the Gulf of Thailand side 
and natural forests on the west coast of the Thai part of 
the Malay Peninsula in order to utilize forest manage-
ment such as density control of plantations. He presented 
two curves with a common power index of -1.567 or 
inclination in a log-log diagram, but different inceptions 
of 7.5533 and 2.0389 for plantations and natural forests, 
respectively. His study examined the relationship be-
tween tree volume (v) and ρ. However, we regard v as 
weight, w, because of Rhizophora’s high specific gravity 
of wood, at around 1.0 (Ogata et al., 2008).  

Almost of all the stands were plotted beneath the two 
curves for natural stands and plantations, respectively. 
The results suggested that plantations were potentially 
able to hold a larger biomass than natural forest at certain 
stand densities due to smaller size variation in the stand 
than occurred in natural stands, which included many 
small trees. It was obvious that Kongsanchai’ (1988) full 
density curve could be extended enough to summarize 
Rhizophora’s density-weight relationship with stand 
development over a wide area of Southeast Asia.   
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