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Introduction

The tsunami of December 2004 destroyed coastal forests and
mangroves along the western and northern coastlines of Aceh
province and also caused extensive damage to coastal vegetation
along the north-eastern coastline.

The loss of these resources had an immediate impact on the
livelihoods of the tsunami survivors and that impact continues. Long
before the tsunami, large tracts of mangroves had, however, been
cleared for wood production, the construction of fishponds (tambak),
and for brackish water rice cultivation (sawah), amongst other things.

Since the tsunami of December 2004, the GOl has, however,
consistently declared an intention to re-establish and maintain a
coastal greenbelt in Aceh Province in line with national greenbelt
legislation’. A number of small scale mangrove and coastal forest
reforestation projects have therefore been completed and more
projects are anticipated, including some large scale projects of
several thousand hectares.

This manual has been produced to assist organisations engaged in
rehabilitation and reconstruction in NAD Province that wish to
implement mangrove or coastal forest reforestation projects. It
provides information on the selection of mangrove and coastal forest
species and collection of seeds and propagules, relevant nursery
and planting techniques for each species.

All coastal reforestation projects should be implemented as part of a
co-ordinated planning and management process. Section 2 of this
manual therefore provides a framework for engaging stakeholders
and communities in coastal forest rehabilitation. Although time
consuming, such processes are the only way to ensure that project
interventions are sustained by individuals and institutions following
completion of project activities. The role of legal agreements in
protecting planted trees and forests and the long-term benefits they
offer is also covered.

This manual is intended as an introduction and field guide to
participatory coastal forest rehabilitation. A range of more
comprehensive guides published both by FAO and others are,

" Act No. 41/1999 — Forestry; Presidential Decree No. 32/1990 —
Management of Protected Areas.
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however, available and should be consulted if further information is
required.

1.1 The coastal plain

The coastal plain is typically narrower on the west side of Sumatra,
but has similar characteristics to that found on the eastern side
(Figures 1 & 2). The process of formation of the coastal plain
includes deposition of sediment transported from the mountains and
reworking of this sediment into a barrier dune system, behind which
rivers and streams are deflected to form shallow coastal lagoons with
outlets to the sea. This system is present on both coasts, but on the
west coast the coastal plain is usually narrower and consequently
there has been less land available for conversion to fishponds and
rice paddies as seen on the east coast.

However, there are areas on the west coast where a larger coastal
plain is evident, particularly where larger rivers discharge through
valleys into the sea. In those locations some areas of tidal lagoon
and associated vegetation have been converted into both tambak
and sawah.

Along the coastline on the west coast the dune system is often quite
narrow and low in elevation. Much of the coastline comprises sandy
bays between rocky headlands. The sand dunes are colonised by
several forms of coastal vegetation. The generally narrow tidal
lagoons behind the barrier dune are often colonized by mangroves
wherever enough anoxic fine sediments with high organic content
have collected. At the upper limit of tidal and maritime influence
many village gardens are present, and these included a variety of
trees.
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Figure 1 The typical coastal profile on the west coast of Aceh Province.

dominant type Narrow coastal plain
on wasl coast
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Figure 2 The typical coastal profile on the east coast of Aceh Province.

dominant type Broad coastal plain
on east coast

1.2 Mangroves

Any tree or shrub growing between Mean Sea Level (MSL) and the
upper intertidal limit is a mangrove. Whitten et al. (2000) report that
there are 17 species of mangrove trees and shrubs that are (or were)
commonly found in Sumatra as shown in Table 1. It is likely that
these species were also present and common in Aceh province at
one time.
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Table 1 Common Mangrove Tree Species in Sumatra

Rhizophora apiculata Sonneratia acida
Rhizophora mucronata Sonneratia alba
Bruguiera cylindrica Sonneratia caseolaris
Bruguiera gymnorhiza Sonneratia griffithii
Bruguiera parviflora Avicennia alba
Bruguiera sexangula Avicennia marina
Ceriops tagal Avicennia officianalis
Kandelia candel Xylocarpus granatum
Xylocarpus moluccensis

Differences in physical factors across the intertidal zone such as
frequency of inundation and salinity creates different habitat types to
which some species are more suited than others. There is thus a
tendency for groups of mangrove species to grow in zones.

Whitten et al. (2000) provide a generalized illustration of the typical
zonation pattern seen along the Sumatra shoreline. This is
reproduced in

Figure 3 which shows that the majority of the formerly common
species, which are now absent or rare, occupied the middle of the
zone colonized by mangroves. Whitten et al. (2000) consider this
area of the intertidal zone optimal for mangrove development.

Figure 3 Diagram showing typical zonation of mangrove flora in
Sumatra (after Whitten et al., 2000).

Tambak g

The area of mangroves destroyed in Aceh by the tsunami was small
and although figures of many thousands of hectares were quoted,
these are likely to be a gross overestimates. The conversion to both
sawah (brackish water rice paddy) and tambak (brackish water fish
ponds) considerably reduced the area of mangroves long before the
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tsunami and also resulted in species loss. These facts help explain
why local communities have little knowledge of formerly present
mangrove species and why so few species are available as
seedlings in nurseries. The only species which remain common are
those that occur naturally at levels near Mean Sea Level and below
the areas preferred for conversion to tambak and sawah.

Box 1. Mangroves and erosion

It is sometimes claimed that mangroves can prevent or reverse the
process of erosion. Mangroves can provide limited protection
against erosive forces, but the following points must be borne in
mind.

Mangroves typically colonise sheltered areas where fine sediments
are deposited by coastal processes. Once established, mangroves
can enhance the process of sedimentation by increasing the rate of
deposition. Mangroves do not, however, initiate sedimentation and
are not able to colonise or persist on high energy shorelines.

Episodic erosive events like storms, cyclones, floods and tsunamis
create severe erosion and in many cases mangroves can reduce the
scale of these impacts. If episodes of erosion are interspersed with
long enough periods during which sediments can accrete, it is likely
the mangroves will persist. However, if episodes are frequent
enough then the coastline is eroding and eventually the mangroves
will disappear.

1.3 Coastal forest

Whitten et al (2000) identify two basic natural coastal forest
communities present in Aceh (and in Sumatra and other Indo-Malay
coastlines):

* Pes-caprae formation (pioneer community)

e Barringtonia formation on sandy soils behind the pes-caprae
formation

1.3.1 Pes-caprae formation

Whitten et al. (2000) describe the pioneer vegetation of accreting
coastlines on Sumatra (where new sand is being deposited) as the
Pes-caprae formation. This vegetation type is found throughout the
Indonesian Archipelago and western Pacific. The name of the
vegetation formation is derived from the creeper Ipomoea pes-
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caprae which is typically dominant, and conspicuous, among a
number of low profile sand binding herbs, grasses and sedges.

Other colonisers in this vegetation association are listed in

Table 2 and include the grasses Thuarea involuta, Spinifex littoreus,
and the sedges Cyperus pedunculatus and C. stoloniferus.

Table 2 Common Pes-caprae formation species

Species Form
Ipomoea pes-caprae creeper
Thuarea involuta grass
Spinifex littoreus grass
Cyperus pedunculatus | sedge
Cyperus stoloniferus sedge
Casuarina equisetifolia | tree
Cocos nucifera palm

All these plants have long deep rooting stems or stolons and can
spread very quickly in favourable conditions. They have many
adaptations to this harsh environment including tolerance of salt
spray, strong winds, and aridity.

The habitat on the inner edge of the Pes-caprae formation is often
dominated by Casuarina equisetifolia. This tree can form pure
stands, but is unable to regenerate under its own canopy. Therefore,
unless the shoreline is accreting and providing new areas for
Casuarina equisetifolia to colonise, the trees are eventually replaced
by other species of trees (Whitten, 2000). Typically the trees that
can become established under C. equisetifolia are members of the
Barringtonia formation described below.

1.3.2 Barringtonia formation

The other coastal forest formation is comprised primarily of trees and
is termed the Barringtonia. Barringtonia asiatica is a tree commonly
found behind the pes-caprae formation and is usually found with a
number of other tree species which are listed in table 3.

Whitten et al (2000) note that large tracts of the Barringtonia
association on the coastline of Sumatra were cleared for coconut
plantations and it is also the case that many coastal village gardens
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and dwellings occupy the zone formerly occupied by the Barringtonia
coastal forest type.

Remnants of this forest type remain and many of the component tree
species are still present in villages where they are valued for the
various products they provide.

Table 3 Species commonly found in the Barringtonia formation

Species Form
Barringtonia asiatica Tree
Calophyllum inophyllum | Tree
Heritiera littoralis* Tree
Excoecaria agallocha* | Tree
Terminalia catappa Tree
Hibiscus tiliaceus* Tree
Thespesia populnea* Tree
Ardisia elliptica Shrub

* Often classed as mangroves

1.4 The coastal green belt

In Indonesia, including Aceh, National legislation exists that
demarcates and makes provision for protection of a coastal
greenbelt. There are two relevant pieces of legislation that appIy2 -
both of which demarcate a zone of 100-200 m width along the coast,
and 50-100 m along the tidal reaches of rivers (exact width depends
on tidal range).

On the north-east coast of Aceh it is clear that there has been little
adherence to the requirement for a coastal greenbelt and many
people in Aceh consider the absence of a greenbelt a contributing
factor to the severity of tsunami impact on some sections of the
coast.

It appear that there has been some reluctance to tackle this
fundamental issue and while it is relatively easy to draft a plan for
integrated coastal development, it is not worthwhile unless translated
into outcomes on the ground.

2 Act No. 41/1999 — Forestry; Presidential Decree No. 32/1990 —
Management of Protected Areas.
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It is generally accepted in Indonesia that there are many
impediments to integrated coastal area management. However, an
integrated development approach should still be aimed at to avert
future social, environmental and economic problems.

Elsewhere in Indonesia an approach that focuses on short-term
economic development has led to serious degradation of coastal
resources because of failure to address issues surrounding
development in the coastal zone.

There are other important issues to be considered in relation to the
coastal greenbelt. The various government agencies who have some
responsibility for coastal area development are not considering the
possibility of setting targets for development of an effective greenbelt
over a longer period of time. It appears that the problem of what to
do with the people and industries that currently occupy the greenbelt
zone is considered too difficult within government circles. If,
however, it is simply not possible to create an effective greenbelt
now, then it may still be possible to do it over time and to work
steadily toward achieving that goal.

There are many mechanisms that could be employed to achieve this,
but first a conscious, collective decision needs to be made that it is a
worthwhile goal. If the government for example decided that some
85% of the coastline in Aceh should have a greenbelt by the end of a
15 year period then it can begin today by examining which areas are
already greenbelts, and by protecting them.

Then each year, more areas would be added to the greenbelts. With
a long enough horizon, this could be done with the minimum of
dislocation and hardship. But it requires the will to stick to a plan, and
the discipline to ensure all stakeholders are cooperative.

Another opportunity that should be mentioned here is that while large
areas of the coastline were washed away, and consequently the
coastal plain is no longer as wide as it used to be in some areas, the
coastline is coming back in many places through a process of
onshore transport of sediment by the sea. Therefore in these area
that are now accreting it may be possible to grow the greenbelt
seaward as the coastline accretes. This again would require long
term planning commitment, as well as knowledge of which areas are
accreting and how fast.
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Participatory approaches
in coastal forest rehabilitation

Coastal forests provide protection against storms, winds and salt
spray, increase the ecological richness and diversity of the coastal
environment and can also provide some protection against tsunamis.
Additionally, they offer opportunities to improve livelihood by
increasing the productivity of agricultural and fisheries systems and
supplying wood and non-wood forest products.

Because competing land uses are often preferred to forestry in
coastal areas for the greater short-term benefits they may offer and
as rural livelihoods in Aceh are often multi-sectoral in nature, an
approach that addresses the integration of different activities is
required. Participatory planning within the context of integrated
coastal area management ensures that forest rehabilitation is both
appropriate at a given location and implemented so as to yield the
maximum benefit.

Participatory approaches also provide an opportunity for relevant
groups and institutions including communities, government and civil
society to take part in and contribute to local development. Following
such a process helps align interventions with government policies
and plans, ensures the support of key stakeholders and ultimately
improves the chances that interventions will be sustained following
project completion. By involving communities rather than external
agents in replanting coastal forests the community’s sense of
ownership and responsibility is also improved and this increases the
chances of the project’s ultimate benefits being realised.

Figure 4 shows the approach detailed here the planning and
implementation of participatory coastal forest rehabilitation. In
summary, the project supports establishment of village Self Help
Groups (SHGs), which it then works in partnership with to implement
coastal forest rehabilitation activities. Throughout the process,
training and awareness raising activities are run to build the capacity
of villagers and of the SHG. Agreements between the SHG and the
local authorities are established in the mean time to institutionalise
land and resource use rights established with the project’'s support.
Finally, livelihood assessment in target villages assists development
of income generating activities, which may be supported by the SHG
using funds accrued from tree planting activities. Following
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maturation the planted forest and tree resources may also contribute
to income generation within the village.

Figure 4. Process of community involvement in coastal forest
rehabilitation.
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Participatory Rural Appraisal (PRA) forms the backbone of the
approach and serves to gather community information and identify
village needs in relation to coastal forest rehabilitation and village
development.

PRA capitalises on local knowledge and strengthens local capacity in
coastal area planning and management by training villagers as
Community Development Facilitators (CDFs, see Box 2), providing
technical information, explaining policy matters and establishing self-
help groups. PRA also allows the project to maintain a neutral
position and ensures that:

* all stakeholders are respected and regarded as equals,
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* villagers are free to voice ideas without pressure from
outside;

* women are able to participate and contribute,

e all stakeholders are able to play a part in the development
process,

e programmes are appropriate and realistic,

e there is ownership of the project by the principal
stakeholders,

Only if, following PRA activities, it is clear that there is scope for
development of a project to meet the desires of the villagers, will the
project proceed to the next step.

The subsequent planning and implementation activities are
supplemented by awareness raising on the contribution of forestry to
livelihoods and coastal area management. This enables
communities, decision makers and planners to make better informed
decisions based on long-term requirements rather than succumbing
to poorly planned or superficially attractive options.

During the planning process, it is of great importance that
consideration be given to the maintenance of planted trees prior to
the realisation of related benefits. Training in forest rehabilitation
and discussion of incentives and benefits to ensure that coastal trees
and forests can compete with alternative land uses is therefore
integral to the PRA process. Social and legal issues including the
development of agreements between village groups and local
authorities to govern the use of planted areas should also receive
attention during the PRA.

Funding provided to the community groups to implement planting
activities may subsequently be invested by the groups in income
generating activities identified through the livelihoods assessment to
spread benefits derived from project implementation into other areas.

Whether working in reconstruction after emergencies or on
development projects, investing in communities to help themselves
provides the best approach by which sustainability can be achieved.
Such an approach takes time and effort but the repeated failure of
coastal forest rehabilitation projects that do not use such processes
makes clear the need for the added exertion.
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2.1 Participatory rural appraisal

Participatory Rural Appraisal (PRA) is used to gain an understanding
of the target community and the surrounding physical, social,
economic and institutional environments. Before beginning with the
PRA it is useful to review secondary information such as reports,
case studies, working plans, books, etc. to speed up and inform
fieldwork. During the PRA itself, information is collected on the
following areas:

* village socio-economic conditions;
* village land use;
e seasonal activities within the community;

* villagers’ livelihoods composition (including fisheries, forestry
and agriculture);

* villagers’ utilization of natural resources;
e the potential for tree and forest rehabilitation;
* village relationships with local institutions.

PRA methods pursue issues through probing and cross-checking to
elaborate and verify basic information. For that reason the approach
utilizes semi-structured interviews and a range of activities after each
of which data analysis and discussions take place. The PRA
progresses through a number of activities including:

e semi-structured interviews and group discussions;

* Identification and analysis of land use development and
related local/national decisions;

» sketch mapping and transect walking;
* construction of activity schedules and seasonal calendars;

* establishment of beneficiary selection criteria and selection
of target beneficiaries;

* Assessment of the institutional capacity of agencies involved
in project implementation;

* Identification of forest-based and other income-generating
activities;

* preference ranking;
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* Participatory development of criteria for assessing village
level project impacts.

During PRA, conflicts are bound to emerge between different
programmes and among different social and economic groups within
the community. Conflicts are an inevitable part of any society and
can provide a fertile ground developing a mutual understanding and
consensus. However, it is important that they are not left unresolved.
Hence, conflict management and mediation skills are valuable assets
for staff involved in the PRA to possess.

2.1.1 PRA training

The participatory rural appraisal process begins with a week long
training workshop at each project site to provide the skills necessary
for implementing a PRA. The training course should be attended by
local forestry stakeholders including representatives of target
villages, local government officials, NGOs and local civil society.
Teams responsible for conducting the PRAs are formed after
selecting members from amongst the trainees at the end of the
course.

Training should include an introduction to the concept and principles
of PRA and the roles of the community and the PRA facilitators. Both
in-class training and field practice are undertaken. The former
includes several techniques such as practical activities, lectures, role
playing, games, working groups, plenary discussions and
brainstorming sessions. PRA techniques and tools outlined in this
section are practiced during training and discussions are held
following each session to assess general impressions, difficulties
and possible improvements.

At the end of the training week, a gender-balanced team of six to
eight people is selected to conduct PRAs in the target villages. A
good PRA team includes project staff, relevant government line
agency representatives and participants selected from villages. It is
important that the team also includes members who speak the local
language or dialect. Regardless the PRA team member's
professional affiliation, care must be taken that all team members act
as facilitators only and do not push their own institutional or
organizational agenda.

PRA facilitators are selected from the trainees according to
availability and competence in facilitating the appraisal process as
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assessed during training. Those selected should also be well-
respected by the communities and be able to provide leadership and
guidance during the PRA.

Box 2 Local level staff

The PRA process is used to identify and train Community
Development Facilitators. The Community Development Facilitators
are hired as project staff members and are stationed within target
communities. They facilitate implementation of tree planting and
management activities and for each community; there should be a
pair of community development facilitators (one male and one
female). The CDFs must have the ability to facilitate meetings of the
Self Help Group (SHG) or ‘Kelompok Swadaya Masyarakat’ (KSM),
should be accepted by the local community and also possess basic
monitoring and reporting skills.

Senior Community Development Facilitators (SCDFs) may also be
engaged to provide coordination and liaison with the project office
and to assist during the PRA. During implementation the SCDFs
support the development of the community groups, participate in
developing community work programmes and liaise with the district
and sub-district forestry offices and government agencies.

2.1.2 Semi-structured interviews and group discussions

Semi-structured interviews are held to obtain information from
individual community members or small groups and to better
understand the community’s relationship to and dependency on
natural resources. They may also be used to collect preliminary
information on areas focussed on later in the PRA such as
relationships between institutions, village history, legislation, socio-
economic conditions, etc.

Group discussions with the community or forestry/village
development stakeholders allow exploration of concerns and
interests and raising of awareness in relation to natural resources
and related issues and also provide a platform for negotiation.

2.1.3 Community and forest history

By understanding historical changes and associated driving forces in
areas such as population and resettlement, the local economy, forest
condition and management, agricultural production, etc., future
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opportunities and threats can be better identified and addressed. To
achieve this, a number of methods can be utilized including in-depth
interviews with community members and local forestry staff and
information collection during transect walks and mapping exercises.
The information collected allows the PRA team to reconstruct treads
over the past 50 to 100 years. These can be represented as shown
for agricultural crops in Figure 5.

Figure 5 Diagram of trends in agriculture in Krueng No village
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Timelines are simply chronological lists of important past and are
used to understand areas such as the history of land use change
and ownership. This information allows decisions to be made in light
of past experience and an understanding of how the community dealt
with significant events such as drought, land allocation, change in
governance, etc. Historical documents and working plans developed
by the forest department can help identify significant socio-political
and environmental events. Semi-structured interviews can then be
used to connect events to village level effects and responses.
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Box 3 Krueng No before and after the tsunami

Krueng No village in Sampoiniet sub-district of Aceh Jaya on the
west coast of Aceh was devastated by the December 2004 tsunami.
Figure 5 shows a diagram constructed during the PRA of trends in
areas of agricultural crops and other types of vegetation between
1950 and 2005. The damage between 2000 and 2005 resulting from
the tsunami is clear.

Figure 6 and Figure depict the village area before and after the
tsunami with the effects of the tsunami again being clearly visible.

Following the tsunami the Government of Finland funded FAO
Forestry programme for early rehabilitation in Asian tsunami-affected
countries helped establish a village Self Help Group in Krueng No
and provided technical and financial support to rehabilitate coastal
forests adjacent to the village. Livelihood support was also provided
following the methodology outlined in this manual. Villagers
benefited in terms of the training offered by the project, the funding
provided for tree planting and also the environmental services
offered by the planted trees. Towards the end of the project the SHG
took a decision to convert the group into a cooperative to provide the
institutional ~ structure necessary to further support Vvillage
development following completion of project activities.

2.1.4 Sketch maps and transects

To investigate the spatial aspects of land and forest use, sketch
maps and land use transects are used. Participatory mapping
techniques involve facilitating community members to create maps
on the ground or on a large piece of paper. The maps provide a rapid
understanding of the distribution of land use, including trees and
forests, farm fields, markets, rivers, roads and other features of the
landscape (see

Figure 6). Information can also be collected on social-economic
status to illustrate the location of the relatively poorer sections of the
village community.
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Figure 6 Krueng No village map - before the tsunami
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Figure 7 Krueng No village map - after the tsunami
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Maps can also be used to record information on forest condition,
protected and unprotected areas, and sources of specific forest
products. This information supplements the spatial analysis of the
management area, i.e. the area in which forest rehabilitation is being
considered. The process of making the map and the discussions that
occur while it is being made are important outputs of this exercise.

By conducting interviews, observing the landscape from the top of a
hill, if possible and walking through the village, a land use transect can
be drawn on paper by delineating areas according to use and ecological
zone as shown in

Figure 8. For each area along the transect, information can be
included on land use, land ownership, crop species, soil condition,
potentials, problems, etc.

Figure 8 Transect report from Krueng No PRA
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2.1.5 Seasonal calendars and activity schedules

To supplement information on long term changes in land
management and forest cover, etc., community agriculture, fisheries
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and forestry activities during the year are assessed. Seasonal
calendars can also be used to understand natural events such as
water levels and weather patterns, etc.

Seasonal activities are
identified through group
interviews and villagers
indicate which products
are collected during each
month and how volume
flows change throughout
the year. This can be
done for agriculture,
forestry and fisheries
activities as well as other
relevant areas.

Daily schedules are developed to record time and labour allocated to
activities such as the collection of fuelwood and transportation to
local markets. Many other activities can be included according to
villagers’ routines and schedules will differ between professions,
such as farmers to fishermen and according to gender. As such a
range of village representatives should be interviewed

Seasonal calendars and daily activity charts assist decision-making
by allowing new activities to be integrated into existing routines and
also facilitate improvement of productivity and effectiveness where
existing schedules can be further rationalised.

2.1.6 Institutional linkages

Information on
institutions related to
village life is collected
using Venn diagrams.

Venn diagrams are
composed of circles
indicating different
user groups and
institutions with
overlaps representing
common membership.
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Internal village institutions are placed at the centre of the paper.
Venn diagrams provide a basis to elicit community perceptions on
the performance and quality of services offered by individual
institutions and help identify conflicts over resources. They can also
be used to establish which village institutions might play a lead role
in supporting participatory management. Different sessions may be
held with males and females to view their different perspectives.

2.1.7 Ranking tree species

Ranking and scoring can be used to determine tree species
preferred for coastal forest rehabilitation. During the exercise,
participants develop several parameters describing different tree
uses related to their importance for re-greening and
livelihood/economic activities. For a range of relevant tree species,
scores of between 1 and 5 are ascribed to indicate the value of the
species for the different uses.

It is useful to compare groups of tree species according to their use,
i.e. fuel wood, construction timber, fruit, wind protection, etc. It is also
useful to limit the number of species to be ranked and by asking
villagers to identify the most popular species within a use type.

The overall results of the scoring exercise are used to rank the
different species and assist in final decision making.

2.1.8 Selection of target beneficiaries

Target beneficiaries are generally the poorest and most vulnerable
groups within the community. Through community meetings, criteria
may be developed to select beneficiaries using economic and social
factors. The list below shows possible criteria used to select
individuals:

Economic
e uncertain income;

* Jlack of knowledge related to economically productive
activities;

e lack of options to engage in economically productive
activities;

* dependent on others;

* lack of access to capital;

Coastal Forest Rehabilitation Manual for Aceh Province and North Sumatera



o

e trapped in high interest credit scheme;

» failed harvest.
Social
e poor household headed by widow/widower;
e socially marginalised;
e from minority or less well represented group;

* rarely/never involved in local level decision making
processed.

2.1.9 Group formation

The objective of group formation is to form a permanently structured
community Self-Help Groups (SHGs) or ‘Kelompok Swadaya
Masyarakat’ (KSM) with formally approved members and a board
responsible for activities.

Groups are established in a participatory way through community
identification of criteria for selecting members. The criteria may
include economic and social factors similar to those used to select
target beneficiaries. Representation of different social groups within
the community, including women’s group is of particular importance.

The community are also supported in determining the group’s
structure and electing a board. Facilitators introduce the rules and
regulations/code of conduct as a foundation for board member
selection, roles and responsibilities and group management. The
group size can be decided by the community but groups of greater
than 20 members may be more difficult to manage.

It is important to have the articles of agreement and the Self-Help
Group constitution signed for the group to be legally recognised.
Groups are legalised by issuing the Kecamatan degree (Surat
Keputusan/Rekommendasi/SK). Following registration SHGs are
able to hold bank accounts and become the implementing agency’s
partners in the field.

2.1.10 Village plenary session

The plenary session constitutes a forum for clarification and revision
of the appraisal process. In this forum, many villagers who were not
closely involved in the PRA will be asked for their opinion of the
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results. The session also acts as an example of a consultative,
democratic process which the community may choose to adopt for
activities.

Display of results from the different PRA sessions augments
discussions and assists the overall group to come to a negotiated
general agreement on coastal forest rehabilitation plans and other
livelihoods development activities. The plenary session of the PRA
may also be used to inaugurate the village Self Help Group to
implement coastal management activities in the long term.

2.2 Community action planning

Village community action plans should be based on the PRA and
specify areas to be planted, the names of those responsible at the
village and site level and benefits and incentives to promote
maintenance of trees. They should also include an assessment of
the institutional capacity of agencies involved in implementation of
activities and criteria for measuring progress. Details of income
generating activities identified and supported by the project may
further be included.

The process of developing action plans with the communities should
be facilitated to ensure that the plans are Specific, Measurable,
Attainable, Realistic and Time-bound (SMART). A standard format
may be used for the plan including:

e activities;

e responsible individuals

e timing and duration;

e areal/s and location/s of land to be planted;
* types of trees to be planted;

e criteria for monitoring process;

¢ contributions to the activites from the SHG and the
implementing agency;

* expected contribution from other institutions including
technical facilitation from government agencies.

The areas to be included in the forest rehabilitation programme may
be verified by visiting the location to estimate the area of land to be
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planted and to ensure that any conflicts of interest or ownership
disputes are unearthed and dealt with.

The action plans and plans for the long-term maintenance of planted
trees should be agreed upon in association with relevant local
government agencies. Agreement detailing the coastal forest
rehabilitation plans, other community development and party’s
responsibilities are then signed between the implementing agency
and the SHG.

2.3 Awareness raising

Awareness raising provides villagers with information to assist them
in making livelihood decisions that account for both short- and long-
term requirements and also take into account different activities (e.g.
fishing, forestry and agriculture). Awareness raising also builds
confidence and capacity through discussion of issues such as land
use planning and integration of traditional and alternative livelihoods.

Awareness raising activities are implemented over long periods
through informal discussions with project staff and during village
meetings. Training to build SHG member’s administration, group
development, problem solving, managerial, organizational and
financial skills can also be included.

2.4 Implementing planned activities

To assist with execution of coastal forest rehabilitation, the
implementing agency should procure seedlings from qualified
suppliers and organise quality checks before the seedlings are
transferred to the communities. Technical advice and supervision
should also be provided during the planting programme.

The SHG will generally be responsible for planting seedlings,
erecting fences and maintaining the young trees during the first six
month after planting. With funds provided to implement these
activities, the SHGs may pay either daily wages or lump sum
amounts per activity to the individuals involved.

At regular junctures, the SHGs draft and submit reports and
accounts with assistance from the implementing agency. These are
inspected by project staff before funding for completed or planned
activities is released to the community.

Technical information related to implementation of planting activities
is provided in the other sections of this manual.
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2.5 Community agreements

Sub-district level agreements govern the use and conservation of
planted areas. The implementing agency should therefore provide
legal advice and technical assistance to the communities in drafting
standardised legal agreements between the SHGs and responsible
government institutions.

Signing of a decree between the community and the local
government to ensure the protection of planted areas and community
access and resource rights is an additional benefit to the community
and provides considerably increases chances of sustainability.

2.6 Livelihood assessment and development activities

Livelihood development activities ultimately function to support
improvements in villager's welfare but also allow SHG members to
manage and invest funds received from the forest rehabilitation
program. This enables them to improve their own capacity and
income and also allows them to become agents of change within
their respective villages.

Livelihoods assessment is carried out to identify viable activities for
livelihoods improvement and income generation. A six-step
approach consisting of livelihood assessment, data analysis,
developing recommendations, partnership development and linkage
establishment may be applied as follows:

1. Livelihood Assessment in which focus group discussions are held
to identify the community’s main livelihoods activities

2. Market survey in which information is collected on demand for
products which can be supplied by project villages and means
available to store and transport goods.

3. Assessment of economic feasibility, availability of labour, business
management capacity, transport links, availability of support for
development activities, availability of potential buyers, etc.

4. Development of recommendations. Based on the assessments
listed above, recommendations for the most promising livelihoods
activities are made.

5. Partnership development. To assist with development of the
recommended activities, potential partners are identified and links
are made with SHG representative. Care must be taken in
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identifying partners so as to limit risks of failure of the proposed
activities in economic, social or environmental terms.

6. Implementation and establishment of links. The final step is to
begin activities and to build links between SHGs and potentially
supportive organizations.

2.7 Participatory monitoring and evaluation

Participatory monitoring and evaluation (PM&E) is conducted in each
community towards the end of programme implementation to guide
future implementation and record progress and lessons learned.
During the exercise the SHG and the village community analyse
implementation of project activities planned during the PRA.
Adjustments to the original plans made during follow-up meetings
were taken into account.

The process includes discussions with SHG members and members
of the community to whom they provided services. The exercise
required a core group of programme staff and SHG members to walk
through the village observing project planting sites and talking to
community members. While a beneficiary of project activities, the
SHGs are also an implementing partner providing services to the
community and should therefore be included in the evaluation.

The duration of the PE&M exercise is flexible, and depends on the
level of discussion and agreement/disagreement between the
participants. A full day should preferably be allowed for each village.
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Coastal forestry rehabilitation

3.1 General site preparation

Prior to planting out the selected species, it may be necessary to
prepare the site. For many mangrove and coastal forest species the
amount of site preparation required is minimal. It is always prudent
to plan access routes and pathways before planting begins as it
avoids unnecessary movement and resulting damage to seedlings.

At some sites it may be necessary to undertake some earthworks if
there are drainage problems created by movement of sand and other
material by the tsunami. Permanently water-logged areas will not
support mangrove or coastal forest species. Removing plugs of sand
and mud from old drainage channels or creating new drainage
channels may fix the problem and open up much larger areas for
planting.

Removal of weeds is also advisable as a number of coastal forest
species require minimal competition until they are established.

3.2 The species selection process

Various factors need to be considered in selecting species for
mangrove and coastal forest rehabilitation as follows:

* Physical - the range and nature of environmental conditions
present, or possible, at a location, especially in relation to
tidal range and heights.

* Ecological - identifying mangrove and coastal forest species
which have the correct ecological requirements.

e Economic utility - the various economic values particular
mangrove and coastal forest species have.

e Community aspirations - the needs and wants of the local
community that has direct access, and the wider community
that may derive benefits, but has no direct access, to the
area planted.

Information necessary to make decisions in relation to these points is
provided in sections 3.4 and 3.5.
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3.3 General planting considerations

In planning a reforestation project decisions need to be made about
the planting pattern that will be adopted when the seedlings are
planted out. The planting pattern will be dependent on the site
conditions and also the future use options for the forest.

Once the plantation pattern is determined then an estimate of the
number of trees required can be calculated by multiplying the
number per hectare by the total number of hectares.

The number of trees per hectare can vary greatly between different
planting densities. For example, planting trees at 0.5 x 0.5 m spacing
requires 40,000 trees per hectare, while at 1 x 1 m spacing 10,000
trees are required and at 1 x 2 m only 5,000 trees are required.

As choice of spacing has a marked impact on the number of trees
required to cover a specified area, spacing will also be partly
governed by a desire to cover as much area as possible with the
funds available for a reforestation program.

When seedlings are planted they should always be removed from
the pot or polythene bags and placed into a suitably sized hole with
minimal damage to the roots.

Some coastal forest species may become stressed after planting if
there is no rain. Watering them after planting is an option, but is time
consuming/expensive and better strategies are to ensure all
seedlings about to be planted are thoroughly watered in the nursery
before planting and to time the planting to coincide with the months
of heaviest rain.

3.4 Mangroves

3.4.1 Species distribution
Five groups of mangrove species can be defined?, as follows:
* Lower level, near Mean Sea Level (MSL)
* Mid level, at about the Mean High Water Neap level (MHWN)

* Upper level, at about the Mean High Water Spring level
(MHWS)

* The data from the tables in this section is derived from Field (1996),
Kitamura et al. (1997), Saenger (2002), and Whitten et al. (2000).
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* Interface between upper intertidal and coastal forest zone

* Generalists, which can grow in any of the above areas but
are usually excluded by other species

Figure 3 in Section 1.2 shows the position on the shoreline of each
group according to the dominant species found.

Table 4 lists 6 species that are commonly found low on the shoreline,
at or near mean sea level (MSL). These species are tolerant of
frequent and prolonged inundation on each tidal cycle. However, like
all mangroves they will not tolerate permanent inundation of the root
system.

Table 4 Mangrove species typically associated with lower levels near
Mean Sea Level

Species Notes

Rhizophora apiculata Usually lining smaller channels

Rhizophora mucronata Lower level than R. apiculata

Sonneratia alba Usually lining larger channels and open
water, pioneer on mud, sand and gravel, full
sun.

Avicennia marina Pioneer, on new or disturbed habitat variety
of substrates, full sun

Avicennia alba Pioneer on new or disturbed habitat, more
sheltered locations than A. marina, softer
muds.

Nypa fruticans Freshwater/brackish water channels and
swamps

The Palm, Nypa fruticans is typically associated with river mouths
and channels and requires the permanent presence of freshwater —
i.e. salinities much lower than that of seawater.

The stilt rooted mangroves Rhizophora apiculata and Rhizophora
mucronata are easily recognised by their distinctive root system
although this may not be obvious in very young trees. These two
species tend to be found in very sheltered conditions and often line
small tidal channels.
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The two species of Avicennia are very difficult to distinguish from
each other in the field and both occur in very similar locations. Both
species can look very different depending on their environment,
ranging from low scrubby bushes to tall, thin trunked, closed forest
and large spreading trees. These species are often the first
colonisers of disturbed, or newly emerged substrates at about MSL.

Sonneratia alba is a very large, often thick trunked spreading tree
with the lower branches typically bending down to the mud surface.
This species is often found right at the front of the mangrove zone at
MSL, typically bordering wider river channels and sheltered bays.

Table 5 shows the group of species that are typically found at about
the mid level of the intertidal zone. At this height on the shore, the
mangroves are inundated by the tide on many of the high tides, but
the period of inundation is shorter; the mean neap high tide will wet
the substrate.

The dominant genus at this level is Bruguiera and particularly the
species B. gymnorhiza which can form almost single species stands.
The other species typically found here are often restricted to slightly
lower levels of the shoreline within this zone where they line tidal
channels draining the upper and mid levels (Rhizophora apiculata)
and small channels draining freshwater runoff from the hinterland
(Nypa fruticans). Also commonly found at this level are monospecific
stands of Bruguiera parviflora which are associated with depressions
where ponding of surface water occurs.

Table S Mangrove species associated with mid level near Mean High

Water Neap

Species Notes

Rhizophora apiculata Lining small drainage channels

Bruguiera gymnorhiza Above and mixing with R .apiculata, shade
tolerant

Bruguiera parviflora Usually in shallow depressions with surface
water

Nypa fruticans Freshwater/brackish water channels and
swamps

Moving further up the shore toward the area around MHWS the
frequency of inundation is reduced. Only average spring high tides
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wet the substrate and the period of inundation is often quite short.
The substrate therefore tends to be drier and can have soil salinities
that are in excess of seawater salinities.

Two other species, Bruguiera cylindrica and Bruguiera sexangula are
found at these heights although the two species appear to prefer
different substrate types as shown in Table 6. The dominant tree at
these levels however is most likely to be Ceriops tagal, which in
regions with relatively high rainfall and no real dry season (like Aceh)
forms dense monospecific stands with a closed canopy.

Scattered throughout, usually as single trees, or as a narrow fringe
along waterways are the two cannonball mangroves Xylocarpus
granatum and X. moluccensis.

Table 6 Mangrove species associated with upper level near Mean High

Water Spring

Species Notes

Bruguiera sexangula On soft muds, with high organic content

Bruguiera cylindrica On firm stiff clays, above most tides

Ceriops tagal Variety of substrates including sand and clay,
usually in well drained locations

Xylocarpus granatum Variety of substrates including sand and clay,
usually in well drained locations

Xylocarpus moluccensis Variety of substrates including sand and clay,
usually in well drained locations

At the highest level of the intertidal zone, the spring high tides may
only wet the substrate a few times each year and at this level there is
some confusion about which species are more correctly called
“mangroves” and which species “coastal forest”. Table 7 lists five
species that are commonly found at this level and of these, the three
marked with an asterisk are often classified as members of the
coastal forest community rather than mangroves.

Sometimes at this interface there is a thin zone just a few trees wide
of Lumnitzera racemosa and/or Excoecaria agallocha, but more
often there is no clear demarcation between the trees of the coastal
forest zone and the mangroves. This is typically the case wherever
there is sufficient freshwater inflow from the hinterland due to sheet
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runoff from rain, small drainage channels and groundwater seepage
into the intertidal zone.

The interface between the mangroves and coastal forest is often
diverse with true coastal forest species such as Terminalia catappa
and Hibiscus tiliaceus mixed with mangrove species.

Two of the species listed in Table 7 are also common at this level of
the shore wherever there is permanent freshwater influence and
these are Sonneratia caseolaris with its distinctive tall, thin
pneumatophores and the palm Oncosperma figillarium which is
easily recognised by the long spines on the trunk. This palm is also
common in freshwater swamps and is only mildly tolerant of
saltwater.

Table 7 Species found at interface between upper intertidal and coastal

forest

Species Notes

Lumnitzera racemosa Rarely inundated by tide, on sand/mud
mixed substrates

Excoecaria agallocha* Rarely inundated by tide, on sand/mud
mixed substrates

Intsia bijuga* Rarely inundated by tide, sandy substrates

Heritiera littoralis* sand/mud mixed substrates, requires low
salinity year round

Sonneratia caseolaris Freshwater / brackish water swamps

Oncosperma tigillarium Freshwater/brackish water channels and
swamps

* - Species sometimes classed as coastal forest trees not mangroves

The last group, shown in Table 8, are species which can be found at
any level on shoreline from Mean Sea Level (MSL) right up to the
landward margin of the intertidal zone. These species are sometimes
present as individuals or small groups in areas that have been
disturbed. Clearing of mangroves will often lead to colonisation by
these three species of which only Avicennia marina is a tree, while
Acrostichum aureum is a fern and Derris trifoliata is a creeping vine.

All three species thrive in areas with full sun and are shade
intolerant, which usually excludes them from the majority of the
mangrove area where a closed canopy exists.
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Table 8 Generalists, often excluded from middle levels of intertidal

Species Notes

Avicennia marina Can occur throughout on a variety of soils,
needs full sun

Acrostichum aureum Colonises disturbed areas at mid to upper
levels, freshwater influence

Derris trifoliata Colonises disturbed areas at mid to upper
levels, low salt tolerance

While A. marina is a worthwhile species in terms of providing shade
for species such as Rhizophora and Bruguiera that will eventually
replace it, the fern and the creeping vine are often problematic on
disturbed sites because they can effectively cover the entire area
with dense low foliage of 1-1.5 m in height. This dense scrub can
smother young seedlings of other mangrove species such as larger,
more valuable trees.

3.4.2 Species descriptions and regeneration information

In the following pages the specific details for nursery and plantation
techniques are provided for the most common mangrove species in
Sumatra. Many of these species are no longer common in NAD
Province, partly because of the destruction caused by the tsunami of
December 2004, but mostly because the habitat they occupied has
been converted to other land uses. However all of these species are
still relatively common between Langsa Bay and Medan and can be
readily sourced.

Coastal Forest Rehabilitation Manual for Aceh Province and North Sumatera



Rhizophora mucronata
Bakau Genjah (Ina)
Bangka U (Aceh)
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General Description: Rhizophora mucronata is easily recognised by
its stilt roots and very long propagules, leaves sharply pointed, tree
up to 25 m tall. Flowers are in groups of 4-8.

Collection of propagules: When the propagules are mature and
ready to be picked from the tree the yellowish abscission collar is
clearly visible — at this stage the length of hypocotyl is typically
greater than 50 cm.

Storage of propagules: In shade, and kept moist 10 days
maximum.

Sowing and potting techniques: Medium should be muddy soil
(saline). Propagules should be embedded to 10cm. Polythene bags
should be medium to large size.

Shading: 50% shade required, remove shade 1 month before
planting.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 55 cm, and
more than two pairs of leaves, usually 4-5 months.

Position on the shoreline: best located where salinity is lower in
soft muddy substrates, and between Mean Sea Level and the
average height of neap high tides.

Plantation spacing: large stilt root systems need space so 1 m x 2
m and 2 m x 3 m are best.
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Rhizophora apiculata
Bakau Kacang (Ina)
Bangka Minyeuk (Aceh)

General Description: Rhizophora apiculata is a stilt rooted
mangrove similar in appearance to R. mucronata. Leaves are
sharply tipped, tree is up to 15 m tall, flowers in groups of two.

Collection of propagules: When the propagules are mature and
ready to be picked from the tree the reddish ring-like abscission
collar is clearly visible — at this stage the length of hypocotyl is
typically greater than 20 cm.

Storage of propagules: In shade, and kept moist - 5 days
maximum.

Sowing and potting techniques: Medium should be saline muddy
soil (saline). Propagules should be embedded to 5-6 cm. Polythene
bags should be medium size.

Shading: 50% shade required, remove shade 1 month before
planting.

Watering: natural tidal flows if possible but with watering to keep soil
moist at all times if necessary.

Ready for planting out: seedling height greater than 30 cm, and
more than two pairs of leaves, usually 4-5 months.

Position on the shoreline: best located where salinity is lower in
soft muddy substrates, and between Mean Sea Level and the
average height of neap high tides.

Plantation spacing: large stilt root systems need space so 1 m x 2
m and 2 m x 3 m are best.
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Bruguiera gymnorhiza
Tumus (Ina)
Tumus (Aceh)
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General Description: Bruguiera gymnorhiza has knee roots and
small buttress roots, leaves are pointed, tree up to 30 m tall, flowers
are single. Propagules are thick, slightly ribbed, 20-30 cm long.

Collection of propagules: When the propagules are mature and
ready to be picked from the tree they change in colour from light to
dark greenish brown. The propagules should be picked from the tree
with the calyx cap intact, the length of hypocotyl is typically greater
than 20 cm.

Storage of propagules: In shade, and kept moist 10 days
maximum.

Sowing and potting techniques: Medium should be mixed saline
muddy sand. Propagules should be embedded to 5-6 cm. Polythene
bags should be medium size.

Shading: 30% shade required, remove shade 1 month before
planting.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 35 cm, and
more than three pairs of leaves, usually 3-4 months.

Position on the shoreline: located at about the average height of
neap high tides in mixed mud, sand substrates.

Plantation spacing: 1 m x 2 mis best.
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Bruguiera parviflora
Lenggadai (Ina)

General Description: Bruguiera parviflora has knee roots and small
buttress roots, leaves are blunt tipped, tree up to 10m tall, flowers in
groups of 3-4. Propagules are thin, yellowish green, 15-20 cm long.

Collection of propagules: When the propagules are mature and
ready to be picked from the tree they are about 15-20 cm long. The
propagules should be picked from the tree with the calyx cap intact.

Storage of propagules: In shade, and kept moist - 10 days
maximum.

Sowing and potting techniques: Medium should be mixed saline
muddy sand. Propagules should be embedded to 5cm. Polythene
bags should be medium size.

Shading: 30% shade required, remove shade 1 month before
planting.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 30 cm, and
more than three pairs of leaves, usually 3-4 months.

Position on the shoreline: located at about the average height of
neap high tides in mixed mud, sand substrates, usually in
waterlogged depressions.

Plantation spacing: 1 m x 1 m is best as they naturally form dense
thickets.
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Ceriops tagal
Tengar (Ina)
Tengar (Aceh)

General Description: Ceriops tagal has small buttress roots and
sometimes knee roots, leave tips are rounded, tree up to 6 m tall,
Flowers are in groups of 5-10. Propagules are thin, greenish brown,
25 cm long.

Collection of propagules: When the propagules are mature and
ready to be picked from the tree they are about 25 cm long, and a
yellow abscission collar is present.

Storage of propagules: In shade, and kept moist - 10 days
maximum.

Sowing and potting techniques: Medium should be mixed mud/
sand/gravel (saline). Propagules should be embedded to 5 cm.
Polythene bags should be medium size.

Shading: can be grown in full sunlight.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 30 cm, and
more than two pairs of leaves, usually 4-5 months.

Position on the shoreline: located at higher levels on the shore, at
about mean high water spring tide, usually in very saline soils.

Plantation spacing: 1 mx 1 mor 1 m x 2 mis best as they naturally
form dense thickets.
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Avicennia marina

Api-api (Ina)
Jampe (Aceh)

General Description: Avicennia marina has numerous pencil like
pneumatophores, leaf tips are variable, tree up to 20 m tall, flowers
are small, in groups of 8-14. Fruits are almond like, sometimes with a
short beak like tip and 1.5-2.5 cm long.

Collection of propagules: When the fruit coat changes from green
to light yellow, and becomes wrinkly.

Storage of propagules: In shade, and kept moist - 10 days
maximum.

Sowing and potting techniques: soak fruits in freshwater for 1 day
to remove pericarp. Sow in saline mixed mud/ sand. Propagules can
be grown in terrestrial beds until roots are produced then transferred
to small to medium polythene bags. should be embedded to 1/3
length with pointed end down.

Shading: can be grown in full sunlight.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 30 cm, and
more than two pairs of leaves, usually 3-4 months.

Position on the shoreline: can grow at all levels of shore, but
favours open areas in full sun, and is highly tolerant of high salt
levels in soil, a pioneer species.

Plantation spacing: 2 m x 3 m is best.
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Sonneratia alba

Pedada, Prapat (Ina)
Pedada (Aceh)

General Description: Sonneratia alba has numerous thick
pneumatophores, leaf tips are rounded, tree up to 20 m tall, flowers
are large, white, in groups of 1-2. Fruits large, green with cup shaped
calyx on base, and 3.5-4.5 cm diameter.

Collection of propagules: Fruit changes colour from light to dark
green, pick fallen fruits from beneath tree.

Storage of propagules: In shade, and kept moist 5 days maximum.

Sowing and potting techniques: soak fruits in brackish water for 1
to 2 hours and agitate to separate seeds from pericarp —seeds float
and are irregular in shape. Sow in a mixture of mud 70% and cow
manure 30%. Seeds embedded to half of length, 2 each in small to
medium polythene bags.

Shading: can be grown in full sunlight.

Watering: natural tidal flows if possible but with watering to keep sail
moist at all times if necessary.

Ready for planting out: seedling height greater than 15 cm, and
more than three pairs of leaves, usually 5-6 months.

Position on the shoreline: favours open areas in full sun, salt
tolerant and usually found at or about mean sea level by larger
channels and in sheltered bays.

Plantation spacing: 2 m x 3 m or 3 m x 3 m are the best for this
large, spreading tree.

m Coastal Forest Rehabilitation Manual for Aceh Province and North Sumatera



Sonneratia caseolaris
Pedada, Prapat (Ina)
Pedada (Aceh)

pneumatophores to 1m tall, leaf tips are rounded, tree up to 20 m
tall, Flowers are large, red/white, in groups of 1-2. Fruits large, green
calyx does not enclose base of fruit which is 6-8 cm diameter.

Collection of propagules: Fruit changes colour from yellowish to
dark green, pick fallen fruits from beneath tree.

Storage of propagules: In shade, and kept moist - 5 days
maximum.

Sowing and potting techniques: soak fruits in brackish water for 1
to 2 hours and agitate to separate seeds from pericarp —seeds float
and are irregular in shape. Sow in a mixture of mud 70%, cow
manure 30%. Seeds embedded to half of length, 2 each in small to
medium polythene bags.

Shading: can be grown in full sunlight.
Watering: hand water (low salinity) to keep soil moist at all times.

Ready for planting out: seedling height greater than 15 cm, and
more than three pairs of leaves, usually 5-6 months.

Position on the shoreline: favours the upper levels of the intertidal
zone where there is freshwater and low soil salinity. Often in the
transition zones between fresh and brackish water swamps and can
tolerate some water logging.

Plantation spacing: 1 m x 2 m or 2 m x 3 m are the best.
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Xylocarpus granatum
Nyirih (Ina)
Nyirih (Aceh)

General Description: Xylocarpus granatum has buttress and ribbon
like plank roots, leaves are compound (4 leaflets), tree up to 12 m
tall, flowers are small, in groups of 8-20. Fruits very large, hard,
cannonball like (up to 25 cm).

Collection of propagules: Ripe fruit yellowish brown, often starting
to crack open while on tree, fallen seeds surface yellowish with grey
spots, root radicle evident.

Storage of propagules: In shade and moist - 5 days max.

Sowing and potting techniques: float fruits in brackish water,
viable seeds will float, select those at least 30g. Sow in mud/sand
mixture. Lay seeds on soil with radicle pointed down in medium
polythene bags.

Shading: decrease sunlight by 30%, remove shade 1 month before
planting.

Watering: natural tidal flows if possible but with watering to keep soil
moist at all times if necessary.

Ready for planting out: seedling height greater than 20 cm, and
more than two pairs of leaves, usually 3-4 months.Position on the
shoreline: favours the mid-upper levels of the intertidal zone where
there is abundant freshwater influence and low soil salinity. Shade
tolerant.

Plantation spacing: 2 m x 3 m or 4 m x 4 m in mixed plantings.
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Heritiera littoralis
Bayur Laut (Ina)
Bayur Laut (Aceh)

General Description: Heritiera littoralis has well developed buttress
roots, leaves are simple, tree up to 25 m tall, flowers very small, in
loose panicles. Fruits green to brown, smooth, with a raised ridge
along one edge and 5-7 cm long.

Collection of propagules: Fruit changes colour from yellowish
green to dark brown, when mature, often starting to crack open while
on tree, fallen fruit with radicle of root evident. produces a large fruit
containing a single seed. After soaking in brackish water for up to 5
days the seed will germinate.

Storage of propagules: In shade, and kept moist 5 days maximum.

Sowing and potting techniques: Sow in mixture of mud/sand (low
salinity or fresh). Lay seeds on soil with radicle pointed down in
medium polythene bags.

Shading: 30% shade required, remove shade 1 month before
planting.

Watering: hand water (low salinity) to keep soil moist at all times.

Ready for planting out: seedling height greater than 30cm, and
more than three pairs of leaves, usually 4-6 months.

Position on the shoreline: favours upper levels of the intertidal
zone at interface with coastal forest where there is abundant
freshwater influence and low soil salinity. Shade tolerant.

Plantation spacing: 2 mx 3 mor4 m x4 m in mixed plantings.
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3.4.3 Collection of propagules

Peak fruiting time for mangroves in Aceh is in the period June to
October with the months of August and September producing the
largest numbers of seeds and propagules.

Rhizophora, Bruguiera and Ceriops

Collection of the propagules of Rhizophora, Bruguiera and Ceriops
species is relatively easy. When the propagules of both Rhizophora
and Ceriops spp. are mature and ready to fall from the tree a thin
collar is visible between the swollen pericarp (fruit) and the hypocotyl
(root) that has grown from the base of the fruit. At this stage many of
the propagules will detach easily from the tree after being lightly
handled. It is possible to detach the propagules with the fruit still
attached and this may easily detach after a few days.

Bruguiera spp. on the other hand have a cap like calyx and this
should not be forcibly removed but can be left on the propagules and
will fall off when the seedling sprouts.

At the time of collection propagules that have recently fallen from the
parent tree and are lying on the mud beneath the tree should be
inspected and also collected if they are free of insect or crab damage
and have not already taken root.

If the propagules are to be held in a nursery they can be sorted for
up to 10 days as long as they are kept moist and cool. Planting into
polythene bags or pots is simple and involves pushing the
propagules about 1/3 of their length into the mud.

Avicennia spp, and those with much smaller seeds inside tough
fruits such as Sonneratia and Xylocarpus spp.

Species with small viviparous seedlings like the Avicennia spp, and
those with much smaller seeds inside tough fruits like the Sonneratia
and Xylocarpus spp need specialised treatment to collect and
prepare seeds and benefit from time in nurseries until they are large
enough to be planted out.

In Avicennia spp. the reproductive unit is a fleshy capsule with a
single seed. The capsules are best collected from the parent tree by
plucking them. Larger capsules should be targeted, particularly those
where the outer covering of the capsule has already ruptured. This
covering will be yellowish and wrinkled when the capsules are
mature. Soaking the capsules in brackish water for one day is
normally enough to cause shedding of the outer covering from the
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capsule. The capsules can then be held for up to 5 days in brackish
water and then planted in individual pots or polythene bags that
contain wetted mangrove soil. Only about one third of the seed
should be pushed into the soil.

In Sonneratia spp. the reproductive unit is a many celled capsule
containing a large number of small seeds that are irregular in shape.
It is best is to collect recently fallen fruit beneath the trees on a neap
tide when the mature fruits float and are easily collected. After
collection, the fruits are soaked in brackish water for one or more
hours and periodically stirred vigorously with a stick to separate the
seeds from the fruit. The seeds float and can be strained off with a
sieve after which they should be laid out on a flat surface to allow
inspection for insect damage and selection of the larger seeds which
are the best to use. They can be held in brackish water for about 5
days. At first most sink but as they sprout they float to the surface
although it is better to plant them out before they sprout and the seed
should be pushed gently into a mix of mud and cow dung in pots or
polythene bags.

3.4.4 Soils for propagation

The best soils for potting propagules and seeds in polythene bags or
pots is taken from areas where mangroves grow (or grew) and while
some sand/mud substrates are acceptable, the more mud the better
as the content of organic material is higher.

Use of soils without some salt content is not recommended as the
salt-free soil may contain pathogens that attack the seeds and
propagules of mangroves.

3.4.5 Nurseries

Seedlings that have been reared in a nursery for some time often
have better survival rates than propagules which are planted directly
(Saenger 2002). However, there is a trade off between improved
rates of survival and the extra costs incurred by nursery rearing. The
major considerations are:

* whether or not predation of young seedlings by crabs, rats,
goats etc is likely to be a problem;

* and/or whether the physical conditions at the site are likely to
be harsh on very young plants (e.g. salinity too high);
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* and/or whether the reforestation program will last more than
a few months in which case holding seedlings in a nursery
ensures a steady supply of planting material.

Mangrove nurseries are ideally
sited within the tidal zone at a level
which  will  provide  natural
inundation by tidal water. If the
location permits then seedlings
can be placed in polythene bags
and stationed at the level which
best reflects the preferred height
on the shore. So species such as
Bruguiera gymnorhiza should be
placed at about Mean High Water
Neap tide mark, Rhizophora and
Sonneratia spp lower, and Ceriops
and Xylocarpus spp higher.

Care should be taken to ensure
that the site is sheltered and the
tidal water which flushes the site is
brackish and of good quality.

Provision of shade for seedlings is a standard practice in most
nurseries and has been shown to be effective in promoting a larger
leaf area than direct sunlight. Shade can be provided by shade cloth,
or palm fronds or by stands of mature trees.

Some species do not need shade as they typically grow in areas of
full sun and so Avicennia spp., Sonneratia spp. and Rhizophora spp.
can do without shading if necessary. Other species such as the
Bruguiera, Xylocarpus and Heritiera spp. may benefit from shading
as the natural habitat where seedlings normally grow is shady.

3.4.6 Site preparation

In addition to the information in section 3.1, several other
considerations must be taken into account when implementing a
planting programme for mangrove trees.

On any site where abandoned fishponds are present it is important to
make sure that tidal access to the site is unimpeded. Breaking down
dike walls is costly and requires large scale labour mobilization or the
use of heavy earth moving equipment. However, as the majority of
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disused fishponds are abandoned because of breaches in the dikes
it may only be necessary to ensure that tidal water can enter and
leave the site freely through several breaches in the walls. Ponding
of water behind dike walls should also be eliminated by improving
drainage. Seedlings should only be planted on the floor of disused
ponds and the walls of the pond left bare. Many disused ponds on
the coast have dike walls that are slowly eroding and this should be
allowed to continue.

At the majority of potential sites in Aceh Province a major problem is
the presence of large amounts of debris, particularly on the West
Coast. This material is mostly timber (branches and logs), and has
the potential to damage seedlings when mobilized by tides or floods.
The removal of this material can be costly, particularly in some of the
shallow lagoons where there are many logs of coconut palm and
other species lying in shallow water. If the cost of removal is
prohibitive it may be possible to concentrate plantings around the old
Rhizophora spp. trees/stumps where the young seedlings will gain
some protection from the prop roots.

The mangrove fern Acrostichum aureum is typically found within
mature mangrove stands on piles of mud thrown up by the
excavations made by the mud lobster Thalassina anomala. However,
it is an invasive, pioneer species that will appear as one of the first
colonizers on disturbed patches of intertidal land where it can
exclude other species if allowed to develop into thickets. This
species does not require any help to become established and is
often considered a weed by forestry operations seeking to re
establish tree species on a cleared area (Saenger 2002). It is
therefore routinely cleared before planting mangrove seedlings. This
can be expensive and difficult as the plant is vigorous and hardy.

Decisions about whether to clear the fern from a site depend on the
amount present. If it is not thickly distributed then it is unlikely to
impede the growth of planted tree seedlings. Surveys of several
coastal areas in Aceh confirmed the presence of this species but at
densities too low to constitute a problem.

3.4.7 Planting

Choice of a spacing pattern is dependent on the species as well as
the future use as per Section 3.3. For example, spacing Rhizophora
spp less than 1 x 2 m apart means that a considerable number of
trees have to be culled as this species produces a dense tangle of
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prop roots and when the trees are planted close together the stems
grow tall and are spindly. Thinning may, however, be planned as part
of a harvest for direct use of products such as firewood, poles and
charcoal.

If development of substantial prop root systems is desired to provide
a buffer against storm surges, trees may be planted at distances that
maximise the entanglement of the root systems without impeding the
growth rates of the trees. Spacing of 2 x 3 m may be best for this
function.

Other species such as Ceriops tagal and Bruguiera parviflora are
often found naturally at spacings of less than 1 x 2 m and it may
therefore be desirable to space this species at similar intervals if the
aim is to recreate as natural as stand a possible.

Species like Sonneratia alba, Xylocarpus and Heritiera spp are
usually large spreading trees when mature and occur naturally at
much wider intervals and are often mixed with other species. For
these species wider intervals between trees of 3 x 3 mto 5x 5 m
may be used.

For mangroves the three most widely used spacing patterns and
equivalent densities are:

¢ 1x1m:10,000/ha
e 1x2m: 5,000/ha
e 2x3m: 1,700/ha

At some of the sites where reforestation may be considered on the
Acehnese coastline there is some natural regeneration already
underway particularly of the species Avicennia marina, Sonneratia
caseolaris and Nypa fruticans. In these areas it may only necessary
to enhance and accelerate the natural process by adding more
plants, perhaps of species that used to inhabit the area but have not
yet decolonized it, and in these cases the planting densities required
are likely to be much lower.

It is also possible to vary the planting pattern away from the normal
neat lines of evenly spaced plants. While this kind of pattern allows
an easy estimate of how many plants there are, and is easy to follow
during planting it is also possible to mix up the planting scheme so
there are clumps of trees with wide open spaces in between.

For example, on many of the coastal lagoon sites on both the west
and east coasts of Aceh there are large areas of permanently
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waterlogged land that are not currently suitable for mangrove
plantings even though the habitat is brackish. Where it is not
possible to drain these swamps, clumps of trees may be planted
wherever the substrate is high enough and/or drained often enough
to avoid water logging.

Over time if the reforestation effort is successful there may be natural
colonization of the remaining open areas from the clumps of trees
established.

Box 4. Post-Tsunami Coastal Forest Rehabilitation in Aceh

The majority of coastal forest plantings following the tsunami
appeared to be well implemented, with appropriate species selected,
suitable spacing and good site preparation, etc. However, mangrove
planting projects were generally sub-standard for a number of
reasons. These can be summarized as:

Limited areas planted — in many cases a few hundred
seedlings have been planted in a very small area.

Seedlings too close together — distances between seedlings
of 50 cm were common and there were numerous examples
of seedlings planted just 10 cm apart.

Seedlings were planted without removal from polythene bags
— it's possible that some plants may survive this, but most
plants will die.

Poor site selection - many seedlings were planted in
inappropriate sites.

Typically only one species, Rhizophora apiculata, was
planted - Rhizophora mucronata were also present at some
sites but there was little evidence of species being matched
to sites with respect to elevation on the shore, substrate
type, salinity, etc.

Often seedlings were planted among drifts of debris which
damaged seedlings when moved by the tide and freshwater
flows.

There was little or no community commitment to
maintenance of the seedlings - many NGOs undertook
planting as a “cash for work” scheme and were not expected
maintain the trees.
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3.5 Coastal forest

3.5.1 Species descriptions and regeneration information

In the following pages the specific details for nursery and plantation
techniques are provided for the most common species of coastal
forest in Sumatra. The majority of these species are very common in
coastal areas of Aceh, although substantial areas of coastal forest on
the west coast were completely destroyed by the 2004 tsunami.

All of the species listed here are commonly available from
commercial nurseries throughout Aceh and the rest of Sumatra.
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Casuarina equisetifolia
Cemara Laut (Ina)
Aron (Aceh)

General Description: Casuarina equisetifolia is a very fast growing
tree that can reach 30 m. Looks like a conifer, with needle like leaves
and cone like fruits. Seeds are small (4-5 mm) and inside nuts in the
cone and have a membranous wing (samara).

Propagation: seed, stem cutting, and air-layering. Most commonly
propagated by seeds — collected from mature (brown) cones before
they have opened.

Storage of Seeds: two weeks or ~6 months with freezing.

Sowing and potting techniques: sown in trays under about 5 mm
of sterilized nursery soil or artificial growing medium, preferably at
215-320 seeds/m®. A mixture of sand and peat moss is often used.

Shading: can tolerate full sun, but shading advised for young
seedlings.

Watering: require regular watering in the nursery.
Ready for planting out: 3-4 months old, 30-50 cm in height.

Plantation spacing: typically with 1 x 1 m, and seedlings are
thinned out in the second year to 2.5 x 2.5 m. Some sources
recommend as much as 4 x 4 m.
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Cocos nucifera
Kelapa (Ina)
Bak U (Aceh)

General Description: Cocos nucifera is one of the most widely
known plants in the world and among the most useful. The tree is a
single stemmed palm that can reach 40 m, the crown of fronds can
be 8-10 m in diameter. Fruits are massive, embedded in a fibrous
husk and weigh from 850 g to 3700 g.

Propagation: Seednuts collected throughout the year, mature when
the husk begins to lose moisture, the skin starts to turn brown and
liquid is partially lost from the nut cavity, all of which begins to occur
11 months after pollination. Fruits fall to the ground when fully ripe.

Storage of Seeds: viable up to a month, no dormancy.

Sowing and potting techniques: first placed in germination bed
with 2/3 of the nut buried in coarse sand or soil (reduce loss of water
from nut) germination takes from 4-12 weeks. Once germinated
seedlings transferred either to well drained nursery beds, or large
polythene bags (45 cm x 45 cm).

Shading: prefers full sun.
Watering: water every other day during germination.

Ready for planting out: if raised in nursery bed (6 months), in
polythene bags, 8-10 months. Seedlings of 6 months age have 7-8
leaves and are 0.8 m tall, 10 month seedlings have 8-11 leaves and
are 1.5 m tall.

Plantation spacing: typically planted 9 m apart in a triangular
pattern and if intercropping is planned, wider spacings can be used.

m Coastal Forest Rehabilitation Manual for Aceh Province and North Sumatra



Barringtonia asiatica
Putat Laut (Ina)
Birah (Aceh)

General Description: Barringtonia asiatica is a common species in
the coastal forests of Sumatra. A large spreading tree reaching 25 m.
Leaves in rosettes at ends of branches, fruits large, four sided and
ridged along each edge, poisonous and about 10-12 cm long.

Propagation: Fruits are yellowish brown when ripe. Collect
seedhead/pod when flowers fade; allow to dry, or allow seedheads to
dry on plants; remove and collect seeds: germinate in a damp paper
towel.

Storage of Seeds: remain viable up to a month.

Sowing and potting techniques: embed seeds into sandy soil, in
medium polythene bags.

Shading: requires shade -50% sunlight, some hardening required in
last month if plants will be placed in direct sunlight at plantation site.

Watering: regular watering required in nursery.

Ready for planting out: not a common nursery species, but
recommend planting out when at least 2 pairs of leaves, and more
than 30 cm in height.

lantation spacing: 2 m x 3 m or 4 m x 4 m in mixed plantings.
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Calophyllum inophyllum
Nyamplung (Ina)
Bunot (Aceh)

General Description: Calophyllum inophyllum is a large spreading
tree reaching 25 m. Leaves, dark green and shiny. Flowers about 3-4
cm diameter, fragrant, white and in clusters of 4-15. Fruits like small
green ping pong balls, in clusters and 2-5 cm in diameter, usually
fruits twice a year.

Propagation: Skin of fruit turns yellow and then brown and wrinkled
when the fruit is ripe, easily collected from the ground under trees.
large brown seed (2—4 cm in diameter) is found in each fruit. Seeds
prepared by cleaning off the skin and husk from the shell.

Storage of Seeds: several months if kept cool and dry.

Sowing and potting techniques: Shells should be cracked, or seed
entirely removed from shell. Sow in containers at least 6 cm in
diameter, big enough for the large seeds. Seeds germinate
gradually, and germination rates for fresh seeds are greater than
90%. The tree grows in any well drained medium.

Shading: Partial shade is useful during the first few weeks in hot
areas. Seedlings should be grown in full sun after 1-2 months.

Watering: regular watering required in nursery.

Ready for planting out: 5-6 months, more than 30 cm in height,
with well developed root ball. This species can also be direct sown.

Plantation spacing: 2mx3 mor4 mx4 m.
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Terminalia catappa
Ketapang (Ina)
Ketapang (Aceh)

General Description: Terminalia catappa is a large spreading tree
reaching 40 m. Leaves in close spirals at ends of branches, Flowers
small, white or cream with unpleasant smell. Fruits sessile, laterally
compressed, ovoid to ovate, smooth-skinned. Fruit size varies 2.5-10
cm.

Propagation: Fruit changes colour from green through yellow to
bright red or dark purplish-red at full maturity. Mature fruits are
harvested from the tree or collected from the ground. Fleshy outer
covering should be removed from the seed/nut as soon as possible
after collection (1-2 days).

Storage of Seeds: sow within 4-6 weeks.

Sowing and potting techniques: germinate in trays in a well
drained potting mix in protected, rat-free area such as a shade
house. Transplant seedlings into containers after germination and
emergence. Growth is rapid so use 15 cm polythene bags.

Shading: 30-50% shade for 1-2 weeks after transplanting, then
25% shade for 1 month, then full sun for 2 months prior to
outplanting.

Watering: regular watering required in nursery.
Ready for planting out: 4 months and about 25 cm tall.
Plantation spacing: 2 m x 3 mor 4 m x 4 m or wider.
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Hibiscus tiliaceus
Waru (Ina)
Siron (Aceh)

e

General Description: Hibiscus tiliaceus is a large shrub/small tree
from 3-10 m high with a broad canopy. The stem is often twisted and
it often forms thickets, particularly in drier regions. Leaves, simple,
heart-shaped, Flowers large, typical hibiscus shape, lemon yellow
petals. Fruit light brown, ovoid, dry capsule, 2 cm long. Fruiting may
occur throughout the year.

Propagation: easily propagated both from seed and stem or branch
cuttings. Fruit collected from the tree before turning brown —to avoid
loss of seeds when capsules dry, split open, and release seeds.
Each capsule contains 5-15 seeds which can be removed by
shaking when capsule is dry.

Storage of Seeds: sow within 4-6 weeks.

Sowing and potting techniques: Seeds are 3-5 mm, scarify by
lightly nicking seed coat with knife or nail clippers, use sandpaper, or
soak seeds in water. Germinate in sunlit trays protected from wind
and rain, seedlings transplanted at about 5cm height into containers
— medium polythene bags.

Shading: prefers full sun.

Watering: regular watering required in nursery, and for early stages
of cuttings when direct planted.

Ready for planting out: 5-6 months and about 25 cm tall. Can also
direct plant from cuttings 20-45 cm long, 1-3 cm diameter. Wound
bark at base of cutting with knife to encourage side roots then bury
one third to half of cutting in soil.

Plantation spacing: Tmx2mor2mx3 m.
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Thespesia populnea
Waru Laut (Ina)

General Description: Thespesia populnea is a small evergreen tree
about 6-10 m in height, with a short, often crooked stem and a
broad, dense crown. Leaves glossy green, and heart shaped, flowers
yellowish, hibiscus-like. Often confused with H. tiliaceus. Fruit brittle,
dry, woody or papery seed capsules (2.5-5 cm long), rounded and
flattened, containing five cells and several seeds.

Propagation: mostly by seed, but also stem and root cuttings and by
air-layering. Seeds usually plentiful most of year. Ripe capsules

hand-picked or knocked off trees, or freshly fallen capsules picked
up under trees. Mature seed is extracted by crushing dried capsules
carefully.

Storage of Seeds: can be dried and stored for long periods.
Sowing and potting techniques: scarify as for H. tiliaceus.

Pre-germinate in moist towels and then transplant into pots with well
drained soil. Long taproot, so pots must be at least 20 cm deep.
Seeds should be planted about 5 mm deep and covered with a thin
layer of potting mixture.

Shading: prefers full sun.

Watering: regular watering required in nursery, reduce and expose
to full sun before planting out.

Ready for planting out: 3-4 months and 15-25 cm tall.
Plantation spacing: Tmx2mor2mx3 m.
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3.5.2 Collection and planting of propagules
Casuarina equisetifolia

Casuarina equisetifolia seeds are collected from the maturing
(brown) cones, before they fully ripen and release the seeds. The
cones are either picked by hand or shaken onto canvas sheets and
later processed. The seeds are usually ready about 18-20 weeks
after flowering. Larger cones and seeds are usually selected.

Cones collected from the tree can be dried in racks in the sun or in
ovens or kilns to open the cones, and the seeds are then extracted.
Screens are sometimes used to separate the seeds from cone
debris.

The seeds start losing their viability within 2 weeks of being released.
If they are to be stored, the typical methods of storage are used, i.e.,
at near-freezing or subfreezing temperatures (-6°C, 21°F). The
seeds can be stored from 6 months to a year in this way.

Seeds are usually planted in well lit places, but in sunny climates
some shading may be needed. Light, well drained soils should be
used to help prevent diseases and pests. Germination rates range
from 30 - 90% for fresh seeds but are much lower for seeds stored
for up to a year. Germination normally starts 4—22 days after sowing
but may take up to 40 days. Seeds can be sown in trays under about
5 mm of sterilized nursery soil or artificial growing medium, which
prevents attack by fungi, preferably at 215-320 seeds/m”. A mixture
of sand and peat moss is often used for this purpose.

Seedlings of Casuarina equisetifolia are usually planted out when 3—
4 months old, and are typically 30-50 cm in height. Spacing is
typically with 1 x 1 m, and seedlings are thinned out in the second
year to 2.5 x 2.5 m. Some sources recommend as much as 4 x 4 m
spacing, but the closer spacing will allow earlier returns (Elevitch
2006). Plantations of C. equisetifolia are already common in Aceh
Province and a variety of spacing patterns have been used.

Calophyllum inophyllum

Fresh seeds of Calophyllum inophyllum may keep for a few months if
stored in cool and dry conditions, usually with the husk removed.
Seed germination is slow if the entire fruit is planted and ripe fruits
(yellow or brown wrinkled skin) can be soaked overnight to remove
the skin. Prior to planting, shells should be cracked, or the seed
entirely removed from the shell. No additional treatments are
required.
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Plants may be started in containers at least 6 cm in diameter or of
sufficient size to accommodate the fairly large seeds. Partial shade is
useful during the first few weeks in hot areas. Seedlings should be
grown in full sun after 1-2 months.

Seeds germinate gradually, and shelled seeds germinate faster (22
days) than seeds in cracked shells (38 days) and seeds left inside
whole shells. Germination rates for fresh seeds are greater than
90%. The tree grows in any well drained medium.

Seedlings of Calophyllum inophyllum are ready for outplanting 20—24
weeks after germination. Seedlings should be hardened-off in full
sun before outplanting. They should also have a well developed root
plug and be around 20-30 cm tall.

Survival is typically high, although the seedlings grow slowly at first
and need to be protected from weeds during the first several years of
growth.

Because of its large seed, the tree may also be grown by direct-
seeding and seeds should be sown about 2.5 cm deep (Elevitch
2006).

There do not appear to be any guidelines on ideal spacing for C.
inophyllum but as it is a large spreading tree with a good survival
rate for seedlings a spacing of 2 x 3 m or more would be appropriate.

Terminalia catappa

Fruits of Terminalia catappa are ready for collection when they are
full size and have begun to show some colour change (i.e., become
red-purple or yellow, or brownish in the case of green-fruited forms).

Mature fruits are harvested from the tree by hand and/or with the aid
of long-handled pole pruners. Recently fallen fruits may be collected
from the ground.

The fleshy outer covering should be removed from the seed/nut as
soon as possible after collection (within 1-2 days).

Seeds of Terminalia catappa appear to lose viability fairly rapidly
under storage. It is therefore recommended that seeds be sown
within 4—6 weeks of collection.

Seeds are best germinated in a freely draining potting mix in
germination trays in a protected, under cover, rat-free area, such as
a shade house. Seedlings should be transplanted into containers as
soon as is practicable after germination and emergence. Growth is
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rapid so the species requires larger containers than most forest tree
species — e.g. 15 cm polythene bags.

Seedlings are progressively moved to higher light levels, e.g., 30—
50% shade for 1-2 weeks after transplanting, then 25% shade for 1
month, then full sun for 2 months prior to outplanting (Elevitch 2006).

The time from germination to outplanting for Terminalia catappa is
about 4 months and plants should be about 25 cm tall. Smaller
seedlings about 20-25 cm high may also be used.

Thespesia populnea

Seeds of Thespesia populnea may be collected at almost any time of
year. Capsules stay on the trees for some time after ripening and
may be hand-picked or knocked with sticks or pruning hooks. Freshly
fallen capsules may be picked up from the ground under trees. Only
mature seed from dried capsules should be collected.

If capsules are not completely dry they may be sun-dried for a day or
two.

Brittle seed capsules can be crushed by hand and the seeds
extracted. Larger batches may be crushed inside bags and the
seeds cleaned from the chaff by winnowing or blowing.

Seeds retain viability when dried and stored and may also be stored
at room temperature in sealed containers for short periods of time.

Germination can be hastened by abrading the seed coat with
sandpaper or nicking it with a sharp knife or nail clippers and soaking
the seeds overnight in cool water (Elevitch 2006).

Thespesia populnea seedlings should be grown in partial to full
sunlight. Some cover is useful to protect the seedlings from hard
rains right after germination. Germination begins in 8 days and may
extend to 10 weeks.

Germination rates of fresh seed should be 65-80%. Seeds may be
pre-germinated in moist towels and then transplanted into growing
containers.

Trees of Thespesia populnea are ready to be outplanted when they
reach 15-25 cm in height, in about 12—16 weeks. Seedlings should
be hardened off with reduced watering and exposure to full sunlight
for 4-6 weeks before being outplanted. Seedlings usually grow
slowly for the first 6—10 weeks and then grow more rapidly.
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Seedlings need to be protected from drying out on the way to the
planting site, which means protecting them from sunlight, wind, and
heat. Weed control at planting sites is essential, and watering aids
initial establishment (Elevitch 2006).

Other species of the coastal forest are also already common in Aceh,
such as the coconut palm. Spacing in these plantations typically
ranges from 5 x5 m, to 10 x 10 m.

Other species

There is some potential to consider planting smaller species such as
Hibiscus tiliaceus and Thespesia populnea among coconut palms if
the aim is to provide a thicker, more diverse greenbelt. At some
locations on the coast of Aceh mixed plantations of this type can be
found.

In addition coconut palms benefit from nitrogen fixing plants to
improve the soil and one such plant is the tree Casuarina
equisetifolia. Companion planting of this species with Cocos nucifera
could be advantageous at some sites.

If the aim is to try and reproduce a coastal forest that is similar to that
which occurred naturally in the area, then reducing spacing to 1 x 2
m could produce the desired effect and provide opportunities for
timber, firewood and charcoal production. In these kinds of mixed
associations, species would be planted at random along clearly
defined plantation rows, or possibly in clumps of similar species so
that harvesting of products from individual species less labour
intensive.

In order to reduce the need for continuous maintenance of the
seedlings after planting (particularly watering), the recommended
planting season for coastal tree species is August-September, i.e.
just a month or two before the onset of monsoon season. However, if
unpredictable rain patterns prevail, seedlings should be watered
regularly through the first six months after planting.

3.6 Fencing

Destruction of coastal forest seedlings by herbivores, including
domestic animals, pigs and rats should be addressed and it is
recommended that all plantings be protected, either by placing
barriers around each tree (as is already common practice on the
west coast of Aceh) or by fencing the entire reforestation area
(perimeter fencing).
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Based on the FAO
forestry  programme
experiences in Aceh,
perimeter fencing is
recommended. It is
cheaper to erect
fences around planted
areas rather than
around individual
seedlings and is also
preferable given that ==
natural regeneration can then take place within the planted area. In
this way, vegetation cover is then more rapidly established and
greater species diversity is also encouraged.

This approach, without planting, should be seriously considered as a
standard means for reforesting degraded forest areas. Funds saved
on planting can be used to employ community members to protect
the fence for longer periods thus providing a better opportunity for
successful regeneration.

Materials for fencing may include polyethylene fishing net, if
available, which is more durable than wire fencing. Fence posts
should be of live woody material given that the ‘posts’ are then more
durable and also contribute to the reforestation effort. The minimum
height of fencing should be around 1.5 and strong ropes are required
to keep the fencing tight along the top and bottom edges.

3.7 Maintenance/management

Once the seedlings have been planted it may be necessary to
undertake maintenance.

If mangrove seedlings were sited correctly and planted at the right
height on the shoreline then the maintenance should be limited to
ensuring that herbivory, trampling and crushing by debris do not
cause excessive mortality. It may be necessary to fence the
landward access to the site and/or periodically remove debris if these
impacts are severe.

Watering will be necessary for coastal forest seedlings in times of
drought although this can be very labour intensive for extensive
areas and may therefore be impossible. Consideration should,
therefore, be given to digging a well near the area of planting to
facilitate watering and mulching should be practiced. Seedlings
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should also be planted as large and with as much soil/manure as can
be managed, especially in sandy and freely drained areas. Removal
of competing vegetation is also recommended as competition for
water can result in seedlings being dominated by creeping vines and
other unwanted vegetation. They can, however, also stabilise the
soil and clearing in the vicinity of seedlings may therefore be the
most appropriate course of action.

There may also be the need to replace seedlings if mortalities are
high and at least some mortality of seedlings is to be expected.
Regular inspection of planted areas will alert the maintenance team
to problems that can occur such as insect attacks on parts of
mangrove trees that remain above the reach of tidal water,
smothering by algae (not seen in Aceh as yet), and death due to high
salinity.

Once the planted area is fully established, harvesting of wood and
non-wood products can be undertaken. The key consideration is for
levels of harvesting to remain within the limits of sustainability so that
environmental services and goods to be produced in future years are
not foregone. To ensure this is achieved, a management plan,
developed in consultation with all stakeholders, is likely to be
necessary. An authority responsible to oversee correct
implementation of the management plan and distribution of benefits
is also likely to be necessary. These issues are, however, beyond
the scope of this manual although information is available from many
sources including FAO.
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