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Also the manual is intended for foresters and field 
technicians in semi-arid areas who have actually seen 
the environmental deterioration and will be conduct-

This paper consists of two parts: the first part de- 
scribes the basic information about mangrove eco-
systems to understand their actual condition; and the 
second part compiles key points and indicators that 
are necessary for judging and decision making for 
site selection to replant and rebuild the hydrological 

2. Mangroves of the Yucatan Peninsula

2.1 Environmental Characteristics

Based on the average monthly temperature and rain-

1. Introduction

The Coastal Wetland Conservation Program was 
implemented in the Ria Celestun National Biosphere 
Reserve in the Yucatan Peninsula of Mexico from 
March 2003 to February 2008 (Appendix I -
gram was a collaboration between the United Mexican 
States Ministry of the Environment and the Japan 

goal of the program was improved conservation of Ria 

Promotion of mangrove ecosystem restoration 
Sustainable use of natural resources by communi-
ty-based organizations 

Establishment of information sharing about wet-
land conservation among relevant organizations 
and local communities is established
Enhanced knowledge of local communities on the 
importance of Ria Celestun through environmen-
tal education

Silviculture Manual for Mangrove Restoration in 
the Yucatan Peninsula, Mexico written by Koichi 
Tsuruda is an output of the Mangrove Environment 

based on knowledge gained and results from the 

experts from Tohoku Gakuin University and Action 

That manual aims to guide efforts for carrying out 
rehabilitation of degraded mangrove environments 
and for restoration of mangrove forests in arid and 

not always easy to restore mangrove forests to a state 

is poor or non-existent coastal mangroves play an 

-
Figure 2.1 

Environmental Characteristics of Mangroves for Restoration
in the Yucatan Peninsula, Mexico
Toyohiko Miyagi
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often dominates the seaward side of mangrove for-

Avicennia germinans or black mangrove is a small 
-

-

Laguncularia racemosa or white mangrove is a moder-

borne on reddish stalks with two raised gland dots 
-

with trees having only male or both male and perfect 

Conocarpus erectus
-

The species is dioecious with trees having male and 

2.3 Mangrove Forest Types

Aerial photographs and general views of the various 
mangrove forest types in the Yucatan Peninsula are 

2.3.1 Fringe mangroves 
Fringe mangroves typically develop along the shores 

forest mainly consists of Rhizophora mangle inter-
mixed with Laguncularia racemosa and Avicennia 
germinans
forest floor consist of rich organic matter including 

to note the position of the rainfall bars relative to 

to where rainfall is above the temperature line and 

November is the wet season and from December to 

The geographical and hydrological features of the 

of the dryland type where evaporation exceeds pre-

surface water due to highly porous limestone depos-

                                                                                             
2.2 Major Mangrove Species

Four major mangrove species are found in the Yucatan 
Rhizophora mangle 

Avicennia germinans Laguncularia 
racemosa and Conocarpus erectus 

Rhizophora mangle or red mangrove is a small to 

Flowers are pale yellowish or cream coloured with 

-

Figure 2.2 Geographical and hydrological features of the  
                   west coast of the Yucatan Peninsula 
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Figure 2.4 Propagules of Rhizophora mangle Avicennia germinans

Figure 2.3 Major mangrove species in Yucatan Peninsula
Laguncularia racemosa                                         Conocarpus erectus 

Avicennia germinansRhizophora mangle 
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shorter with Avicennia germinans
replacing Rhizophora mangle
of non-degraded peat in the center where the ground 

-

2.3.4 Chaparro mangroves  

mangrove forest are seen landward of fringe man-

form dense bushes comprising purely of Rhizophora 
mangle
Reproduction is mainly vegetative as the trees are 

-
Rhizophora mangle

 
Tidal flat mangroves grow where the aggradation 
of sediments in large lagoons develops to form an 
intertidal zone between the middle and high water 

Avicennia 
and Rhizophora

Rhizophora

2.3.2 Inter-chenier mangroves

ridges made up of a number of divergent small sand 

mangroves grow at the low ground level of these 
sand bars and are separated from the lagoon by fringe 

Avicennia germinans is the major 
constituent of the mangroves forest interspersed with 
Rhizophora mangle and Laguncularia racemosa

2.3.3 Petenes mangroves  
Petenes mangroves along the coasts of the Gulf 

Rhizophora 
mangle and Laguncularia racemosa
and are associated with freshwater vegetation such as 

A D

EB

C    Figure 2.5 Mangrove forest types of the Yucatan Peninsula

Ground level photo Ground level photoAerial photograph Aerial photograph

:
:
:
:
:

A
B
C
D
E

Fringe mangroves 
  

Petenes mangroves  
Chaparro mangroves  
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The dwarf mangrove forest at level 3 can be an   

Avicennia germinans has a tendency to show 
a higher salt tolerance than Rhizophora mangle
Laguncularia racemosa grows well at low salinity 

2.5 Mangrove Hydrological Cycle

The hydrology of a tidal flat or chaparro mangrove 

-

tendency for trees to produce a high density of stilt 

2.4 Mangrove Growth Levels

-

forests of Avicennia germinans Rhizophora mangle and 
Laguncularia racemosa

We then surveyed the soil salinity at root depth in the 

were able to identify the relationship of soil salinity 

salinity and growth level was understood: 

Growth level        and mortality

6 Tall forest
Tree height > 20 m 

5 Good forest

4

Closed canopy 

3

Trees scattered 

2 Chaparro forest 
Tree height < 2 m 
Dense dwarf forest 
Main trunk not clear

1 Nearly dead forest

Regeneration rare

0 Dead forest

Regeneration none

Figure 2.6 
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of beach ridges consisting of water-permeable sand 

-

sea accumulates just below the ground surface through 
-

water exchange and these sites enable the mainte-

development activities that impede water exchange 
from the lagoon would lead to the creation of salt 

Dwarf or low-stand chaparro mangroves grow where 

cycle is water movement received both from the land 

-
mulation for mangroves at the seaward and landward 
side of the road due to obstruction in water exchange 

The hydrological cycle of the inter-chenier mangrove 

Figure 2.7 Relationship between forest types and soil salinity at root depth

Figure 2.8 
                   hydrological cycle and salt accumulation in 
                   a tidal flat or chaparro mangrove habitat 

Figure 2.9 
                   hydrological cycle and salt accumulation in 
                   an inter-chenier mangrove habitat
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Tree vigor declines when the tree form is changed 

Peripheral ends start to die showing symptoms of 

All the peripheral ends and leaves die (severe 

The tree dies leading to mortality of the entire 

-

-

3. Mangrove Forest Conditions    

3.1 Indicators of Forest Deterioration 

mangrove forests can either progress slowly or 

-

3.1.1 Tree death 
Deterioration of trees can be seen more clearly in 
Avicennia germinans -

Avicennia germinans

1

4

2

5

3

6

Figure 3.1 Characteristics of tree deterioration in 
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Wide area of forest death is preceded by an 
increase in soil salinity or long-term inundation 

likely cause is high salinity near the forest edge 

The whole mangrove stand is dead as high soil 

Ten years after forest death and only decompos-

3.1.2 Forest death
Forests of Rhizophora mangle are more susceptible to 

Trees of Rhizophora mangle in a large mangrove 

Closer view of mangrove death in wave-like 
-

can be due to increase of soil salinity caused by 

1

4

2

5

3

6

Figure 3.2 Categories of dying or dead  forests
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Sludge from dead forests is exported out to the 
forest edge by slow water flow that may cover 

Sludge accumulates over the non-degraded peat 

Artemia salina 

A culture pond of brine shrimp in the process of 

Road construction prevents natural water 
exchange and leads to deterioration of the man-

3.1.3 Environmental deterioration   
Many stresses to mangroves in semi-arid areas are 

categories of environmental deterioration of man-

When much freshwater stagnates during the 
Avicennia germi-

nans 
 

soil salinity increase through active evaporation 

-
mulation of sludge leads to formation of gullies 

Top 3 cm of forest soil consists of non-degraded 

1 2 3 4

8765

109 11 12

Figure 3.3 Categories of environmental deterioration of mangrove forests
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The advantage of selecting Block C as a restoration 

-

The above mentioned disadvantages are attributed 

reduced only by surface recovery but may initially 

this site is the accumulation of sludge at the forest 

within the adjacent mangrove forest has good tidal 

lagoon to the restoration site with a canal to provide 

of incoming tide will depend on the base level of the 

-

3.2.2 Block A in Celestun
Block A in Celestun is a degraded mangrove forest 

Avicennia 
mangroves beside the beach ridge and fringing 
Rhizophora mangroves bordering a lagoon (Figure 

-

3.2 Case Studies

3.2.1 Block C in Celestun 
Block C in Celestun is a degraded inter-chenier man-

photograph and proposed mangrove rehabilitation 

Ground level

Surface water salinity: Measuring salinity of above 

Soil salinity: Measuring free water at the depth of root 

Vegetation level in sites and forest health level in the 
surroundings

Tidal water frequency

Depth of stagnated freshwater in the rainy season (mm): 
The measurement should be taken at the middle of the 

-

Figure 3.4 Some environmental data of Block C in Celestun

Figure 3.5 
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prevented freshwater supply from the landward side 
and increased soil salinity during the dry season 
(Figure 3.9). The road construction generated sludge 
from surface organic matter, which moved into the 
seaward side and inhibited tidal water exchange. 

After the construction of a canal at the road, there was 
freshwater supply from the landward side. However, 
inundation of pneumatophores during the wet season 
further promoted forest mortality which had already 

has been expanding. However, Plot 4 showed slight 
forest recovery and was chosen as one of the sites for 
rehabilitation.   

Compared to other areas in Isla Arena, the advantage of 
Plot 4 as a mangrove rehabilitation site was the relatively 

mangrove roots are inundated by stagnant water and 
during the dry season, the ground surface dries out. 
Tidal water rarely reaches this area. The major reason 
for forest mortality is the lack of water exchange from 
the lagoon and the soil is highly saline. To restore 
such a condition, it is necessary to reduce the soil 
salinity to below 6% and to promote water exchange 
from the lagoon. 
 
3.2.3 Plot 4 in Isla Arena
Plot 4 in Isla Arena is a degraded Avicennia forest (Figure 
3.7). Some environmental data are shown in Figure 3.8. 

There are several thousand hectares of dead Avicennia 
forests in Isla Arena and they are continuously 
expanding. The main reason for mangrove loss is the 
construction of a road parallel to the coastline, which 

Figure 3.7 Degraded Avicennia forest of Plot 4 in Isla Arena

Figure 3.6 Cross-section data of the topography, soil and vegetation of Block A in Celestun
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-

tendency for recovery and patchy mangroves are 

trees of Avicennia germinans and Rhizophora mangle 
-

is hoped that these patches of mangroves would grad-

Figure 3.8 

Figure 3.9 Photographic interpretation of changes in the distribution of mangrove forest 

                   8: Cleared area 
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4.1 Planning and Implementing the Project

4.1.1 Understanding the causes of environmental     
          deterioration
Environmental deterioration is often caused by a com-

-

deterioration and decision making for rehabilitation 

making for rehabilitation of dead mangrove forest 
areas is illustrated in Appendix 

Various site conditions that are suitable for the 
growth of Avicennia germinans and Rhizophora mangle 

3.2.4 Plot 2 in Isla Arena

3.2.5 Summary 
-

ment is to reduce soil salinity and inundation time by 

that other factors may also be responsible for triggering 

areas must take into consideration not only natural 

-

Figure 3.10 

Figure 3.11 
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4.1.5 Nursery location and seedling transportation 

criteria should be considered: 

establish a nursery in a tidal area since potted 

-
mended that the nursery be located in proximity 
to the planting site as this would facilitate the 

4.1.6 Developing counter-measures 
When planning and implementing the rehabilita-

counter-measures need to be developed to enhance 

et al -

 
4.2 Evaluation of Plantations

4.2.1 Developing the criteria for evaluation
The environment in the Yucatan Peninsula is not the 
type where if you plant mangroves they will grow into a 
forest -
ration of the tidal environment is the most important 

-

keep in mind that the environment has improved to grow 

 

4.1.3 Working with the local communities                                                                  

-

-
agement and utilization of resources is vital when 

areas for temporary storage for planting materials and 

the local people in the implementation of the project 

4.1.4 Optimizing the scheduling of project activities

essential to understand their work practice and annual 

-

 

Figure 4.1 Sites conditions suitable for Rhizophora mangle 
                   and Avicennia germinans (See abbreviations in  

Causes of  environmental deterioration and decision making for rehabilitation 

Causes of forest mortality Pneumatophore inundation during rainy season
Flooding of highly saline water
Salt accumulation due to ground surface desiccation during dry season

Process and extent of forest death Submergence of pneumatophores lead to suffocation and tree death
Expansion of dead forest at the forest edge

Targets for problem solving Reduction of water level during wet season
Securing water exchange system 
Dilution of soil and surface ground salt

Counter-measures Soil ploughing
Trenching and mounding
Canal construction between lagoon and the sea
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rate should be counted as an environmental restoration 

-

recover tidal flow environment and then check the 
survival rate of planted seedlings and monitor the 

4.3 Assessment of Recovery

4.3.1 Chronological photographic monitoring 
A useful method of assessing the growth and devel-
opment of planted mangroves is to photograph them 
over time from the same distance and angle (chrono-

-
groves is fast and can be clearly seen within six month 

An example of a successful mangrove plantation in 
Celestun 
indicates the only remnant tree of Avicennia germinans 

The second photo is taken six months after planting 
Rhizophora mangle and Avicennia germinans

Maintaining a healthy tidal environment is a key to 

the degraded mangroves depends on the restoring 

when evaluating mangrove rehabilitation are: 

4.2.2 Monitoring growth and survival  

would be best to monitor the growth performance 

growth rate and any changes in survival rate for at 

The surviving seedlings under the restored tidal regime 

Adverse environmental factors that need counter-measures for mangrove planting
   Factor                        Damage                              Counter-measure

Soft ground Seedlings dislodged and fall over

Wind Seedlings blown away by strong wind

Wave Seedlings dislodged and washed away 
by waves

Water flow Soils at root level scoured by water flow 
and seedlings washed away

Seedlings killed by attachment

Garbage 
to die or be washed away

Seaweed
to die or be washed away

Barnacles
to die or be washed away

Crabs Propagules and seeds damaged by feeding
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Various engineering measures such as construction 
of canals and waterways, digging of sink and surface 
wells, and trenching and mounding has been tried 
(Figure 4.4). It is important that the local people are 
involved in these activities (Figure 4.5). 

The cost-effectiveness of these measures which are 
aimed at restoring the tidal regime prior to plantation 
establishment needs to be determined. This can only be 
ascertained through regular monitoring of environmen-
tal parameters such as soil and water salinity (Figure 4.6). 

2006), followed by yearly progress of the plantation 
until February 2010.  
  
In early 2006, a waterway was constructed in Block A, 
Celestun, and the tidal environment restored (Figure 
4.3). Initially, seeds of Laguncularia racemosa were dis-
persed into the plantation site by tide, and the species 
started to establish. Gradually, the planted species of 
Rhizophora mangle and Avicennia germinans started to 
grow. By 2010, the rehabilitated mangrove forest suc-
cessfully established, resembling that of the natural 
forest type. 

 Chronological sequence of the restoration process of planted mangroves in Block A, 
                   Celestun

Mangrove plantation growth and development after restoring the tidal regime

March 2005

October 2006 November 2009

August 2007 February 2010

August 2008
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Figure 4.5 

Figure 4.4 Different methods used for tidal flow recovery and their effects
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Fauna indicators: Among the various fauna in man-

data indicating which type of crab tolerates what 

Flowering and fruiting characteristics: Mangroves 
flower and fruit throughout the year with the peak 

Rhizophora trees tend to pro-

Fringe type of mangroves
type establishes along the shoreline of coastal lagoons 

Ground level: This is one of the importantly envi-

directly relates to tidal flow and the depth of tidal 

also correlates to survival and growth rate of planted 

‒

Inter-chenier mangroves: This mangrove forest type 
is formed behind beach ridges in low-lying depres-

Mangrove floor deposits: When mangrove estab-

sulphate acidification of surface soil and production 

: Restoring the structure 
and functions of mangrove forests that have been 

Mangrove restoration

Necrosis

Peat
and dead roots of Rhizophora mangle and Avicennia 
germinans

Appendix III

Key Concepts for Mangrove Evaluation 

Aerial photography: Aerial photograph taken with 

to obtain information on chronological change of 

important to compare the photograph with ground 

photographs to the site and relate what you see from 

Canal (waterway)
labour-saving and economical measure to restore 

restoring tidal flow is to determine the height of 

dig a deep canal since mangroves only grow above 

flow throughout the whole waterway and improve 
where necessary to make sure there is no water 

Cenote

of limestone bedrock that exposes ground water 

Chaparro mangroves: A fringe type of mangrove 

high in salt content and dwarf Rhizophora mangle for-

Chenier: A sandy beach ridge that is part of a strand 
or chenier plain consisting of cheniers separated by 

Coppicing: A vegetative form of reproduction in 

stem growth is observed coppicing from stilt roots of 
Rhizophora mangle
Avicennia germinans or Laguncularia racemosa

: Diameter of tree boles 

Dioecious: Unisexual plant species with male and 
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Avicennia germinans and Lagunclaria racemosa 

Satellite imageries
cheaper to obtain high resolution satellite imageries 

Soil ploughing: To desalinize soils less than 30 cm 

Surface well

well can be used to pump up fresh water to reduce 

Tidal elevation of mangroves: Mangroves grow at 
-

beach ridges facing the open sea have such topogra-

: This forest type establishes on 

Tidal level

of tidal height of all peaks in a year divided by the 

is calculated by the sum of tidal height of all high 

Trench and mound: This system of site treatment is 
sometimes used to facilitate the tidal water exchange 

Wave-like pattern mortality: A phenomenon where 

Petene: Mangrove forests of the petene type are spe-

dome-shaped due to the discharge of freshwater 

pH
to take an undisturbed core soil layer to measure 

-

the deposit becomes sulphuric acid and ferric oxide 
 → -

phate soils are formed and this further deteriorates 

Plant stress: Factors that inhibit plant growth are 

Rhizophora 

Pneumatophores

Propagules
from seeds that germinate while still attached to 

Salinity measurement: Salt concentration can be easily 

mangrove forest floor is generally saturated and if a 
hole is made water pressure would change and the soil 

Salinity -
tence and health of mangroves are dependent on soil 

between salt content in the soil and Rhizophora mangle 
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digging or soil ploughing are needed. Needless to say, 

2.1 Selection of Project Areas

-

-

the plantation trials.

-

-

1. Introduction

-

-

guidelines.

2. Preliminary Survey

-

-

Silviculture Manual for Mangrove Restoration 
in the Yucatan Peninsula, Mexico
Koichi Tsuruda

Figure 2.1 
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 Laguncularia racemosa
 Conocarpus erectus
 Thespesia populnea

-
Avicennia 

germinans and Rhizophora mangle
for restoration.

Avicennia germinans
resistant to high soil salinity and its growth in early 

Rhizophora mangle

 
2.3 Site Preparation 

Avicennia germinans

2.2 Choice of Species  

-

 Avicennia germinans
 Rhizophora mangle

Figure 2.2 

Figure 2.3 
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-

the lagoon or sea during low tide, and that the salt 

-

digging and well digging operations are illustrated in 

Table 2.1 

Table 2.2 

Restoration feasibility Priority

Plot 1         2

Natural regeneration

Plot 2            Low

Plot 3            Low 3

1

Natural regeneration

                    Restoration feasibility Priority

Low 1

Low 3

Low 2
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Arena are shown in Figure 3.1.

of Rhizophora mangle -

-
ing is done during the non-fruiting season. Planting 

 3. Nursery Techniques

watering, seedlings showed poor growth and low 

Figure 2.4 

Table 2.3 

Trial site               Operation 
(date) 

Hoed and ploughed the soil  

Avicennia germinans

Well digging  
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seedlings 

3.2 Collection of Seeds/Propagules

Avicennia 
germinans

Rhizophora mangle propagules is 

-

water for Rhizophora mangle
Avicennia germinans -

in Table 3.1.

3.3 Sowing and Nursing

when transporting and transplanting seedlings.

ration should be started before the fruiting season. 

NPK type.

Avicennia germinans are 

3.1 Nursery Site Selection 

follows:

No water-logging at low tide

Figure 3.1 



ISME Mangrove Ecosystems Occasional Papers No. 4

sowing for Rhizophora mangle.

Azadirachta indica

nursing Avicennia germinans and Rhizophora mangle are 

-

-

Avicennia germinans, and 

Figure 3.2 Avicennia germinans 

Avicennia germinans Rhizophora mangle

Propagule type
Fruiting season

At least 2 g in weight
None

Table 3.1 

Avicennia germinans Rhizophora mangle

Pot soil B

Watering
By hand preferable By hand preferable

Transplanting

Table 3.2 



29

Silviculture Manual for Mangrove Restoration in the Yucatan Peninsula, Mexico

4.3 Planting Operations

It is advisable that the planting sites be located on 
higher ground to avoid prolonged submergence. 
Planting in blocks or islands (Figure 4.2) and strip　
planting on mounds (Figure 4.3) can be a good choice.

The period for planting is dependent on the fruiting 
season and the availability of potted seedlings. It is 
better to avoid the driest months when soil salinity 
is extremely high. Nursery seedlings should be 
transplanted in the planting sites within 6 months or 
12 months at the latest. The best planting seasons for 
both species are as follows:

Avicennia germinans:
August to October for direct planting in Celestun,

       and Isla Arena 
January to March for seedling transplanting in 
Celestun, and February to March or July in Isla 
Arena, when the water level is low enough

Rhizophora mangle:
July to September for direct planting in Celestun 
and Isla Arena 
January to March for seedling transplanting in 
Celestun and February to March in Isla Arena, 
when the water level and salinity is low

4. Planting Procedures

4.1 Preparatory Work

A well-managed planting program requires sound 
planning in advance, depending on factors such as 
quantity and quality of available seeds/seedlings, tidal 
conditions and workforce. Prior to the actual planting 
operations, garbage in the sites should be collected 
and discarded. Broken glass fragments scattered or 
buried in Block A of Celestun are dangerous for the 
workers and should be excluded from the planting 
sites. Sewage and other wastes in Block B of Celestun 
require appropriate remedial measures.

4.2 Transporting Planting Materials 

During transportation of planting materials such 
as seeds, propagules and potted seedlings to the 

they are not damaged. Usually, planting materials 
are transported by truck, trailer or boat for the long 
distances (Figure 4.1), and by bucket, basket, baby 
bath-tub or wheelbarrow for the short distances. It 
is essential that only sufficient quantities of seeds, 
propagules and seedlings are transported to the sites 
for planting on the same or next day to avoid storage 

Figure 4.1 Transporting mangrove seedlings by trailer (left) and canoe (right)

Figure 4.2 Block or island planting of Avicennia germinans (left) and Rhizophora mangle (right)
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Rhizophora mangle seedlings 
transplanted in April had withered due to prolonged 

Avicennia germinans seeds in 

Planting holes for the potted seedlings should not 
be shallower than the pot height. Where the soil is 

-

Figure 4.4 Withered seedlings of Rhizophora mangle  

Figure 4.3 Rhizophora mangle and Avicennia germinans 
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 -

low tide)

 
and sound enough? (Healthy and well-grown 

 

 

-

rehabilitated area. The purpose of restoration in the 

-

5.3 Evaluation of Restoration

5. Tending and Monitoring 

5.1 Adverse Factors and Counter-Measures

5.2 Supplementary Planting

 
planting sites? (Avicennia germinans prefers the 

water

or withering
Rhizophora mangle

Blown down or defoliate None

Uprooted and washed away

leading to withering

Adhere to plants and stifle growth

Table 5.1 
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Avicennia 
germinans and Rhizophora mangle

-
able enough for the seedlings.

 

with slow but steady growth in other sites. At least 

transplanted Avicennia germinans seedlings is found in 

stagnant persistently, seedlings withered within 

Avicennia germinans transplanted 

Figure 5.1 
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on natural regeneration.

Rhizophora mangle should be 
Avicennia 

germinans

-

 

6. Conclusion

Avicennia germinans 
and Rhizophora mangle

and Rhizophora mangle propagules are to be planted 

Figure 5.2 Avicennia germinans
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Recruiting the workforce 
and site preparatory work

Collection and transportation 
of seeds or propagules

Ensure they are mature,  
fresh and sound

Direct planting 
in the field

Raise seedlings 
in the nursery

Growing time 
of 3–6 months

Identify pests and  
other adverse factors

Tending and 
monitoring

Transplant seedlings 
in the field

Dig planting holes and  
collect polybags after planting

Implement 
counter-measures

Tending and 
monitoring

Identify pests and  
other adverse factors

Supplementary 
planting if needed

Implement 
counter-measures

Supplementary 
planting if needed

Appendix I  Flow Chart of Mangrove Silviculture Operations

Appendix II  Annual Calendar for Mangrove Planting

Species Silvicultural activity J F M A M J J A S O N D

Selecting planting sites

Preparation of the nursery

Avicennia Collection of seeds & direct sowing

germinans Raising seedlings in the nursery

Preparation of planting sites

Transplanting of nursery seedlings

Tending & monitoring of plantations

Selecting planting sites

Preparation of the nursery

Rhizophora Collection of propagules and planting  
mangle Raising seedlings in the nursery

Preparation of planting sites

Transplanting of nursery seedlings

Tending & monitoring of plantations



Activities of ISME

The International Society for Mangrove Ecosystems (ISME) was founded in 1990 to promote the 
study and research on mangrove ecosystems with the overall goal of laying the foundation for 

organization, ISME brings together interested scientists, professionals and institutions, working for 
the conservation and wise use of mangroves of the world.

ISME organizes and co-sponsors mangrove conferences, seminars, symposia, meetings, lectures and 
training courses. The Society manages an electronic journal, publishes scientific and educational 
articles and books, provides training for schools, universities and the public, and produces videos 
on management and utilization of mangroves.

ISME promotes research and extension activities for sustainable management, rational utilization, 
rehabilitation and conservation of mangrove ecosystems. For more information, please visit the 

 

- ISME -
International Society for Mangrove Ecosystems

ISME Secretariat


