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Over the years, there have been many different attempts to restore man-
groves. Some of these efforts have been gargantuan, involving several thou-
sand hectares of coastal lands. Other efforts have been small in comparison, 
with perhaps less than a hectare of mangroves restored. Yet, in these efforts, 
both large and small, the lessons learned in this important process are vital 
in re-establishing otherwise rapidly vanishing mangrove forests. Without 
taking those necessary steps now to restore mangroves, our planet’s coastal 
regions will be seriously impacted by erosion, declining fisheries, vanishing 
wildlife, and displaced indigenous coastal peoples.

There are many different techniques and methods utilized in planting man-
groves. Because some of these have resulted in identifiable successes or fail-
ures, we wish to present herein a detailed process of mangrove rehabilita-
tion which has proven successful in its application in various locations at 
various scales.  Ecological Mangrove Rehabilitation engages communities 
to consider social, economic and ecological factors before undertaken man-
grove restoration, and relies on monitoring to inform corrective actions over 
time.  This EMR manual also presents summary descriptions of particular 
case studies from around the world, which are representative of both suc-
cessful and failed attempts at mangrove restoration.

Publication of this manual was made possible by support from: 
Restoring Coastal Livelihoods Program (www.rcl.or.id)

&
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MAP Indonesia may not fully know the wealth of mangrove rehabilitation approaches 
currently available worldwide.  Accordingly, MAP seeks to continually improve upon 
its mangrove rehabilitation approach, discovering and sharing skills, knowledge and 
experiences world-wide.

1.3 Design of the Manual

The focus of this manual is to bring a practitioner through the major steps of a man-
grove rehabilitation project.  These steps are based on the marriage of Kolb’s Learning 
Cycle  (Fig 1.1) with a common project cycle (Fig 3.1 in chapter 3).  The combination 
of these two cycles result in an iterative project cycle – with a focus on learning and 
adaptation.  The application of this, enables the practitioner to move from mangrove 
rehabilitation, to long-term management.  The form of long-term management that 
MAP recommends is adaptive (changing based on previous learning) and collaborative 
(taking place in a multi-disciplinary way with numerous stakeholders).  This is known 
as Adaptive Collaborative Management.

The manual has been designed to provide descriptions of approaches and also activities 
that help readers understand key concepts and build important skills.  It is designed 
to be a practical manual that allows a user to engage a group in undertaking activities, 
with supporting references, materials and handouts.  The emphasis is upon collecting 
qualitative and quantitative data during an assessment phase that allows the reader to 
better understand mangrove rehabilitation challenges, in order to develop an appropri-
ate design and work plan for successful mangrove rehabilitation.

1.1 Background

It is estimated that between 1980 and 2000, 180,000 ha of mangroves were degraded or 
destroyed each year. (FAO, 2007)  While the rate of loss decelerated to around 100,000 
ha/yr in the 21st century (ibid),  both mangrove conservation as well as rehabilitation 
are clearly imperative.

Unfortunately, most mangrove rehabilitation efforts world-wide, fail to re-establish 
mangrove forests.  The majority of these efforts are over-simplified planting projects, 
largely attempts to force mangroves to grow in intertidal mud-flats, usually below Mean 
Sea Level – where mangroves simply do not grow.

This takes place for a pair of reasons;
1.	 Land tenure and ownership issues make it difficult to put mangroves back where 

they belong, that typically being areas that were converted due to unclear policy 
and inadequate prior management.

2.	 Poor understanding of the ecological requirements of mangroves, and the processes 
which lead to their establishment and early growth.

This manual intends to provide insight to both the socio-political problem of land 
tenure as well as issues of properly understanding the ecological underpinnings of suc-
cessful mangrove rehabilitation from point 2.  This manual takes the reader through a 
process of assessment, design, implementation and reflection around social, economic 
and ecological factors which contribute to the failure or success of a mangrove reha-
bilitation effort.  By understanding both pitfalls and recommended practices around 
mangrove rehabilitation, it is our hope that the rather simple, but enigmatic practice 
of restoring mangrove forests is approached more scientifically and rationally and that 
practitioners become more reflective about their actions.

1.2 Purpose of the Manual

This manual is designed as a much enhanced update of a previous EMR Manual – 
which illustrated the 5 basic steps of Ecological Mangrove Rehabilitation, as set out by 
Roy “Robin” Lewis III of Florida (Lewis et al. 2006). The purpose of this manual is to 
provide practitioners with activities, tools and options to be used in assessing, design-
ing, implementing and monitoring a mangrove rehabilitation project.

The Mangrove Action Project is a network, with nodes and members from across the 
tropical and sub-tropical globe where mangroves and people live together.  This manual 
was produced by the MAP-Indonesia office, and as such, many examples and case studies 
were derived from Indonesia.  Examples and case studies were also provided from Florida, 
where R.R. Lewis has been practicing for four decades, but you will also find EMR case 
studies from some of MAP’s network members across the globe in Chapter 10.

Figure 1.1  
D.A. Kolb’s Learning Cycle (Kolb, 1984)
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The manual has been designed to examine biophysical parameters, as well as social and 
economic parameters which comprise a system which includes both mangroves and 
people.  By measuring key environmental, social and economic parameters, the reader 
can better understand how to enhance key parameters (which are currently disturbing 
natural mangrove regeneration) building towards a more resilient mangrove system.

1.4 Overview of This Manual

Each chapter is the product of a method of mangrove rehabilitation, and more gener-
ally, community based mangrove resource management, that MAP uses in its programs 
internationally.  These methods have been developed both by MAP network members 
(which include coastal community members, educators, citizens, scientists, and gov-
ernment leaders), and also by the wealth of sustainable community development and 
natural resource management methods which have been developed over the past half 
century.

The manual is organized as follows:

Chapter 1, This Introductory chapter has three main parts.  The first describing the 
Purpose of the Manual, and an outline of its chapters.  This chapter next introduces the 
principles of Ecological Mangrove Rehabilitation, and closes with a discussion of the 
difference between Rehabilitation and Restoration, as well as introducing several more 
terms of the art.

Chapter 2, presents Key Ecological Principles Underpinning EMR. These principles 
elucidate how mangroves distribute their propagules and colonize appropriate man-
grove substrates.  The lesson applies equally to the development of natural forests as well 
as the re-colonization of degraded areas.

Chapter 3 is a brief chapter on Program Design.  It takes the reader through a quick 
depiction of the flow from pre-assessment and assessment activities, to mangrove reha-
bilitation design and planning, through implementation and into a cycle of monitoring 
and mid-course corrections.

Chapter 4 is the first of three assessment chapters.  Preliminary Assessments are rapid 
surveys, designed to quickly understand if a certain area has mangrove rehabilitation 
potential, both from a bio-physical point of view (ecological viability), as well as a 
socio-political point of view (land tenure and stakeholder support).

Chapter 5 provides a myriad of Biophysical Assessment Activities.  This chapter is 
largely written in curriculum format, to assist the reader to leading trainings and 
in-field activities. Some of the activities in this chapter will be required to create

Figure 1.2  Action-research and 
Problem Solving.
Activities in this manual build 
from field investigations which 
help understand the habitat re-
quirements of mangroves (such 
as mapping the positions of the 
lowest naturally occurring seed-
lings in the tidal frame with use 
of GPS - top right), to community 
action taking such as improv-
ing drainage of a disused shrimp 
pond (middle) or human assisted 
propagule dispersal (below).  
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an EMR plan, while others are recommended to achieve a greater understanding of 
the physical process at the site, and as a baseline in order to monitor success.  The 
four sections of this chapter include; 1) ecological assessments, 2) hydrological as-
sessments, 3) an analysis of disturbances (preventing natural re-colonization of the 
mangrove area) and 4) biological assessments.  This final section on biological assess-
ment includes a trio of activities, the most important of which – a benthic index of 
biological integrity – has not been well developed yet.

Chapter 6, entitled Assessing Resilience, introduces a number of social and eco-
nomic factors that, added to the above biophysical assessment help paint a holistic 
picture of the level of resilience of the mangrove-human social-ecological system to 
be rehabilitated.   A long list of potential indicators of resilience is presented, along 
with a simple scoresheet.  Each EMR project is encouraged to chose and define its 
own set of resilience indicators, both to inform EMR design and for monitoring 
purposes.

Chapter 7, Participatory EMR Planning, is a brief chapter delineating 6 steps that a 
facilitator can follow to lead a group through the process of EMR design and plan-
ning.  

Chapter 8 is all about Implementation.  The chapter begins with information on 
site preparation, before delving into information and examples of hydrological and 
ecological repair.  A brief treatment of running and as-built survey, maintenance and 
mid-course corrections follows.  The chapter closes with a number of real examples 
of the combination of hydrological and ecological repair techniques.  The reader will 
have another opportunity to learn from real examples, in greater detail, in Chapter 
10 on case studies.

Chapter 9 is a short treatment of EMR monitoring.  MAP has already developed 
a complete technical manual on assessments, surveys and monitoring which can be 
accessed at the download section of  www.mangroverestoration.org.  Instead of an 
exhaustive replication of monitoring methods (which are very similar to the material 
presented in the assessment chapters), this chapter discusses key point of monitor-
ing.  It begins with a discussion entitled Why Monitor?  This is followed by a discus-
sion of the differences between technical monitoring and participatory monitoring.  
Examples of both are provided from one of MAP Indonesia’s recent projects in 
South Sulawesi.  The chapter closes with a return to the learning cycle, and the it-
erative nature of monitoring to inform mid-course corrections and future mangrove 
forest management.  The references section of this chapter contains enough materi-
als to point the interested practitioner in the right direction

Chapter 10 is the final chapter of this manual, and contains EMR case studies from 
around the world.  MAP requests that any and all EMR practitioners send in their 
own cases studies, for potential inclusion in the next version of this manual.  The 
case study on Tanakeke Island, Sulawesi, uses the template that all future case stud-
ies should follow.

1.5 What is EMR?
Ecological mangrove restoration (EMR) is defined as: “an approach to coastal wet-
land rehabilitation or restoration that seeks to facilitate natural regeneration in order 
to produce self sustaining wetland ecosystems.”

EMR is a general approach (not a mandated method or sequence of steps), that is 
designed to provide a logical sequence of tasks that are likely to succeed in restoring 
or creating mangrove habitat with a diverse plant cover similar to that of a natural 
reference mangrove forest, with functional tidal creeks connected to upland freshwa-
ter flows if available, and supporting a diverse faunal community. All of the above is 
designed to persist over time without significant further human intervention. Plant-
ing of mangroves may be needed in certain circumstances, but in most cases we have 
studied, volunteer mangroves (not planted) will provide the diverse forest cover over 
time. The contemporary practice of EMR includes local stakeholder engagement 
and negotiation in order to achieve agreement about shared objectives and restora-
tion methodologies.

The initial five steps of EMR was first published as an abstract of a presentation by 
Lewis and Marshall (1998) at the 1998 World Aquaculture Society meeting in Las 
Vegas, Nevada, USA. Further revisions were made by Lewis (2005) and Brown and 
Lewis (2006). With the publication of an updated approach by Lewis (2009) the 
number of steps was increased to six with the addition of a “site selection” process.  
With this current updated version we have increased the number of steps to eight, 
but it is important to remember that these are only “suggested steps” and each EMR 
project is unique, with individual problems and opportunities. 

For example, in many cases there is little or no real site selection process, but instead 
a local community may have a specific site already selected and need guidance in 
how to manage the EMR process.  In this case, our current step 4 (select a site) is 
moot. All the authors understand this but also firmly believe that some guidance 
on a logical approach to successful EMR is essential as a starting point, since the 
history of mangrove forest management and restoration is replete with failed efforts 
(see Stevenson et al. 1989, Lewis 2005 and Samson and Rollon 2008). In fact, we all 
believe the failures far exceed the successes, with as much as 80-90% of the projects 
not meeting their goals (if any exist) or simply failing to establish a biodiverse eco-
logically functioning mangrove forest. 
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EMR focuses on removing the barriers which may prevent nature taking its course 
by interventions that restore or create the topography and hydrology which wetland 
plants and animals require. EMR may also intervene by delivering propagules and 
in specific cases provide complementary planting of species known to thrive in the 
particular conditions which exist.

EMR recognizes that wetland species are found in identifiable habitats and does not 
promote rehabilitation or establishment in locations where these conditions do not 
exist or cannot be created.

EMR exists because its practitioners recognize the value of wetland goods and ser-
vices to people. They also recognize that people are in most cases a part of the coastal 
environment and that unless these users agree to the perpetuation of the wetland it 
will be degraded or converted to alternate purposes, oftentimes dictated by wealthier 
individuals at the detriment to the public-at-large . 

1.6 Terminology: Rehabilitation, Restoration and other Terms of 
the Art

For purposes of this manual, the term “restoration” has a very broad meaning. It 
generally follows the definition of Lewis (1990a):

	 “Returned from a disturbed or totally altered condition to a previously 		
	 existing natural or altered condition by some action of humans.”

“Rehabilitation” is similar to restoration in that the goal is not to return to some 
previous condition as defined by measurable reference criteria, but conversion of an 
altered wetland to some beneficial use as defined by locally agreed upon goals and 
criteria. An example might be the conversion of abandoned aquaculture ponds to 
tidally influenced open water but not the mangroves that originally existed. 

In this manual, we have attempted to primarily use the term rehabilitation, owing 
to the relative difficulty of achieving pure restoration.  Sometimes, however, we have 
invariably used the words restoration and restore, but in a broader sense, that does 
NOT always indicate a return to some historical pre-human impact condition, nor a 
return to the exact conditions that existed before some change occurred.  

Of course any attempt at pure restoration is bound to fail as the exact pre-human 
impact conditions of a mangrove forest are rarely known, so a proper measurable 
success criterion to define success of restoration could  not be accurately determined 
if the goal is to produce a forest like those that existed hundreds of years ago. For this 
reason we emphasize quantitative comparison of a restoration or rehabilitation site 

to an adjacent reference site supporting more less natural mangroves characteristic 
of the local area. 

Both restoration and rehabilitation may also mean returning a site with existing but 
stressed mangrove forest cover to a more hydrologically connected system prior to a 
die-off of trees occurring due to extended flooding, or hypersaline conditions. This 
approach requires being able to measure the existing hydrology and determine if 
stress is present and intervene prior to a mangrove die-off. 

Another term of the art is “mangrove forest creation.”  Creation generally refers to 
the conversion of uplands to wetlands. Planting mangroves on a mudflat that his-
torically did not support mangroves is a similar type of effort, which could properly 
be called “mangrove forest afforestation.” Most mangrove afforestation efforts are 
not successful as documented by Samson and Rollon (2010) in the Philippines (but 
has worked in the Sudarbans and Guyana).  Mangrove creation through excavation 
of uplands to mangrove wetland elevations and connecting these to tidal flow can 
work but is very expensive due to the excavation costs. 

Finally, the term “mangrove forest enhancement” or “replenishment” is often used 
to describe some sort of planting within existing mangroves for the purpose of im-
proving existing ecological conditions. These are also called “enrichment plantings.” 
There is no scientific evidence that any of these enhancement efforts really enhance 
the exiting functions or benefits of mangroves. Often they may actually further de-
grade the system, if for example, planting of mangroves takes place if areas within 
mangroves that are devoid of mangroves. Often these are important habitat areas for 
wading birds to feed for example, or they may be tidal flushing channels, and their 
planting while successful, may ultimate doom the forest to reduced tidal flooding, 
encroachment into channels and the final death of the forest due to human-induced 
hydrologic restrictions. 

Although the above foray into differing terminology may seem like an exercise in 
semantics, it is important that appropriate terminology be used around mangrove 
rehabilitation.  Oftentimes, a single guiding document will determine the fate of an 
activity or series of activities.  The differences between rehabilitation, restoration, 
creation, afforestation and enhancement could very well be the deciding factor in the 
viability and success of a multi-million dollar project.
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Chapter 2 - Key Biophysical Factors

Understanding the biophysical factors that control 
mangrove seedling establishment and survival
by Dan Friess, National University of Singapore. dan.friess@nus.edu.sg

2.1 Introduction

Mangroves are unique plants, adapted to survive in a stressful environment that is 
continuously changing throughout the day, as the tides moves in and out. Mangroves 
have to be able to tolerate these dynamic and stressful physical processes in order to 
establish, survive and grow.

We can often observe the role of biophysical processes and their effect on the dis-
tribution of mangrove trees. Take Figure 2.1 as an example, from a rehabilitation 
site in Sumatra. Rhizophora propagules were planted throughout this brackish water 
aquaculture pond (tambak). After planting, they grew well towards the back of the 
tambak, but struggled to grow, or died at the front. What differences between the 
back and the front of the tambak cause these differences in mangrove establishment 
and survival? How can establishment and survival be so different over such a small 
area? Why haven’t natural mangrove propagules colonized this area?

To identify what is causing this difference in survival, we need to understand:
a.	 If mangrove propagules are able to disperse to a new intertidal surface in order 

to colonize
b.	 the physical processes operating on this new intertidal surface that affect man-

grove establishment and growth, notably tidal inundation and waves, and 
c.	 the tolerance that different mangrove species may have to these physical pro-

cesses. 

Tolerance is species-specific; the species of some genera such as Avicennia and Son-
neratia are able to tolerate harsher physical conditions such as longer periods of tidal 
inundation. These are known as pioneer species because they are the first species able 
to colonize the pioneer mangrove zone, where tidal inundation and waves are high-
est. Hence, these species would be more appropriate for low elevation rehabilitation 
zones, where flooding is highest. Other species may be more suitable for other loca-
tions, for example Lumnitzera is better able to colonize other areas such as the edge 
of the tambak wall.

Understanding the biophysical processes that control mangrove survival, and un-
derstanding which species may be the best suited for a rehabilitation site are two 
key components of EMR. Successful EMR relies on working with, not against the 
local biophysical conditions that occur at the rehabilitation site. Three biophysical

processes processeswill be discussed in this chapter, which must be considered for 
successful rehabilitation:

1.	 There must be enough propagules available in the local area to disperse to the 
rehabilitation site

2.	 Once propagules have travelled to the rehabilitation site, they must find a loca-
tion that is high enough relative to the tide level that they do not drown;

3.	 Propagules must find a location where waves and currents do not dislodge the 
seedlings

These three factors – propagule supply, tidal flooding and waves/currents are inter-
linked (Figure 2.2). Propagule supply and dispersal into a rehabilitation site require 
water flow by waves and currents. Waves and currents and tidal flooding are also 
linked. Tidal flooding increases the landward reach of waves and currents.

Figure 2.1. A mangrove restoration site in Sumatra, 2010. Planted Rhizophora 
trees are growing well at the back, but Rhizophora propagules planted in front 
have never been able to establish. Why?
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In particular, Lewis (2005 and 2009) describe 6 key steps for successful EMR which 
are closely related to the biophysical processes that we will discuss in this chapter. 
These 6 Steps for successful EMR are summarized below:
1.	 Understand the individual species ecology (reproduction, dispersal, seedling es-

tablishment)
2.	 Understand the hydrological patterns that control seedling distribution and es-

tablishment
3.	 Assess human modifications that may be preventing natural colonization
4.	 Spend a sufficient amount of time selecting the most appropriate restoration site 

possible, using information from Steps 1-3. As well as assessing physical and 
ecological parameters as above, this step also involves anticipating and resolving 
community issues such as land tenure and land use, to allow long-term access 
to the site. 

5.	 Design the restoration to restore appropriate hydrology and natural recruitment
6.	 Only actively plant propagules and seedlings if step 4 will not be successful or 

rapid vegetation cover is required 

Various aspects of these 6 steps will be discussed in the following three (3) key ques-
tions that should be asked and investigated for any new rehabilitation site.

2.2  Three Key Biophysical Questions

Question 1 - How close is your rehabilitation site to other natu-
ral mangrove stands?

This question relates to Steps 1 and 4 of the EMR criteria.  Successful EMR should 
not require a huge amount of planting, but can often be naturally colonized by prop-
agules coming into the site from surrounding natural mangrove stands. A rehabilita-
tion site will only be naturally colonized by mangroves if propagules are available to 
be transported into the site. So there are two requirements:

1.	 That natural mangrove stands are located in close proximity to the rehabilitation site;
2.	 That water flows connect natural mangrove stands and the rehabilitation site.

Propagules Can Float
Mangrove propagules are predominantly dispersed by water, through a mechanism 
called hydrochory. (See Fig 2.3) To achieve this, the propagules of many mangrove 
species have special adaptations in order to float in water. Many of these adaptations 
are described by Tomlinson (1986) in his book The Botany of Mangroves. For exam-
ple, Avicennia propagules trap air bubbles in small root hairs or between underneath 
the pericarp (seed coat). Rhizophora propagules are composed of large air-filled cells 

In this chapter we will investigate these biophysical processes in the form of ques-
tions that should be asked of every potential rehabilitation site. Many of the follow-
ing ideas are summarized from three scientific papers: 
1.	 Lewis 2005. Ecological engineering for successful management and restoration 

of mangrove forests. Ecological Engineering 24, 403-418
2.	 Lewis 2009. Methods and criteria for successful mangrove forest restoration. In: 

Perillo, Wolanski, Cahoon and Brinson (Eds). Coastal Wetlands: an Integrated 
Approach. Elsevier. Pgs 787-800.

3.	 Friess et al. 2012. Are all intertidal wetlands naturally created equal? Bottle-
necks, thresholds and knowledge gaps to mangrove and saltmarsh ecosystems. 
Biological Reviews 87, 346-366.

These papers are freely available from the following websites:
•	 www.mangroverestoration.com/html/downloads.html
•	 www.themangrovelab.com/publications

Figure 2.2  Some of the important biophysical processes that affect mangrove 
establishment, survival and growth.

Adapted from Friess & Oliver, 2014.
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propagules can disperse into the new area before they sink or do not become vi-
able. Understanding the reproductive ecology of the target mangrove species to be 
restored is a key step in the EMR process (Lewis 2005).

Why is This Important for Rehabilitation?
Utilizing natural propagule dispersal has many advantages for EMR. First of all, us
ing naturally colonizing propagules reduces the requirement for planting. This may 
be more cost-effective over the long-term (Lewis et al. 2005), as it does not require-
costs for nurseries, planting manpower etc.

Secondly, utilizing natural propagule dispersal may make an EMR project more 
sustainable over the long-term. A regular supply of propagules from outside the site 
brings in new recruits to replace seedlings lost by waves, disease or insect damage.

How to Test This in the Field?
1.	 Observe the natural mangrove stands surrounding your rehabilitation site. Are 

they healthy and producing propagules? Note that fecundity (the ability to re-
produce) is often seasonal in many mangrove species, even close to the equator, 
so observations will be affected by the time of year that they are taken. For this 
reason, it is essential to understand the autecology of the species of interest 
(Lewis (2005) Rule 1). High fecundity is an ecological trait typical of pioneer 
mangrove species such as Avicennia spp., as well as pioneer terrestrial forest spe-
cies.

2.	 Observe where propagules wash up on the shore. Do you see propagules natu-
rally collecting near your rehabilitation site, e.g. near the strand line (Figure 
2.3)? This is an indication that the water currents are bringing in propagules 
from nearby mangroves

3.	 Google Earth can be used to observe the number and size of mangrove patches 
in close proximity to your restoration site. Google Earth can be used to calculate 
inter-patch distance. See appendix - using Google Earth for EMR.

Question 2 - What is the elevation of your rehabilitation site?
This question is related to Steps 2 and 4 of the EMR criteria.  The frequency and du-
ration of tidal flooding is the most important determinant of mangrove restoration 
success in many settings (Lewis and Streever 2000). Different species can tolerate 
different durations of tidal flooding and other hydrodynamic forces such as waves. 
Figure 4 shows a transect through a typical natural mangrove in Southeast Asia. 

Figure 2.3  Hydrochory is the natural process by which mangrove propagules are dis-
persed on tidal waters.  Avicennia seedlings are excellent pioneers, establishing them-
selves on open intertidal surfaces (bottom left), while in Bintuni Bay Papua we see a 
virtual carpet of mangrove seeds and fruits on the mature forest floor. 

called aerenchyma. The large seed of Xylocarpus species (the “cannon ball” mangrove) 
is made of a corky material that floats. Because different species have different ad-
aptations to aid flotation, this means that they float for different lengths of time: the 
flotation period is species-specific. Unpublished experimental results of Southeast 
Asian mangrove species have shown that Avicennia species can float for an average 
of 6 days, while Rhizophora species may float for an average of 22 days or as long as 
163 days, and still remain viable.

Propagule Flotation + Water currents = Dispersal
The flotation period gives us information on how long a propagule stays afloat, and 
thus how long it could potentially disperse for. However, propagules rely on water 
currents in order to disperse away from the parent tree and on to new mangrove 
patches. Water currents are driven by many factors, such as the tides, wind and 
differences in salinity. Thus, it is crucial that natural mangrove stands are situated 
close enough to a rehabilitation site and in the correct water flow direction, so that



24

2   EMR Manual

25

Chapter 2 - Key Biophysical Factors

broad patterns between the inundation class, and the type of vegetation that could 
be expected to be found there. We have to be careful about apply Watson’s Inunda-
tion Classes directly to other sites, as this can be site-specific. A particular problem 
with this classification is that some mangrove species can actually colonize a range 
of different elevations (and hydroperiods). However, these inundation classes at least 
give us a general idea of species distribution in order to guide restoration. Under-
standing some of the hydrological factors that control mangrove seedling establish-
ment and distribution is a key step in the EMR process (Lewis 2005).

Tolerance to flooding is species-specific
Flooding causes a rapid drop in oxygen levels in the mangrove soil, and can be an-
oxic (oxygen-depleted) even at shallow depths. Anoxic soil conditions can lead to a 
reduction in photosynthesis rate (Krauss et al. 2008), so mangroves have evolved a 
numberof adaptations to cope with these stressful conditions. Aerial roots and pneu-
matophores above the soil are an obvious and clearly visible adaptation to anoxic soil 
conditions. Mangroves can also maintain high oxygen concentrations in their roots, 
and aerate a thin layer of soil around the root (Krauss et al. 2008).Similar to the 
range of different flotation periods of different mangrove species, there are a range 
of tolerances to tidal inundation between different species, that contribute to the 
species “zonation” we find in natural mangroves along an elevation gradient. Differ-
ent species have different tolerances to tidal inundation because they have a range of 
different adaptations to flooding. 

Fig 2.5  	The Watson Inundation Classes for a mangrove in Benut, 			 
		  southern Peninsular Malaysia. 

Inundation 
Class Flooded by: Times flooded 

per month
Mangrove tree species that may 

be found here

1 All high tides 56-62 Sonneratia alba, Avicennia alba

2 Medium high tides 45-59 Rhizophora spp., Bruguiera spp

3 Normal high tides 20-45 Xylocarpus spp., many species

4 Spring high tides 2-20 Lumnitzera littorea, many species

5 Rare tides <2 Many species

Adapted from Tomlinson 1986.

 

The mudflat is found most seaward and is very low in elevation; the hydroperiod 
here is too long and frequent for any mangrove vegetation to grow. As we begin to 
move landward, the elevation increases, and the hydroperiod decreases. First, pioneer 
mangrove species such as Sonneratia alba and Avicennia alba colonize, as they are 
some of the few species best adapted to tolerate the hydroperiod found here. As we 
move further landward, the hydroperiod decreases further. A greater range of species 
are found at the more landward extent (the back mangrove) as they are only able to 
tolerate these lower-hydroperiod conditions.

The influence of flooding on species distribution is not a new idea, but was first 
noted by Watson (1928). Watson mapped the distribution of different mangrove 
species against elevation in a mangrove near Benut, in southern Peninsular Malay-
sia, and was able to calculate the Watson Inundation Classes. These classes divided 
a mangrove area by the frequency of tidal inundation per month. Watson observed

Figure 2.4  A typical cross section of a natural Southeast Asian mangrove along 
an elevation gradient.  Tidal inundation and wave energy both change as eleva-
tion increases towards the back of the mangrove.   Adapted from Friess & Oliver 
2014. See also Lewis 2005
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Why is this important for rehabilitation?
Surface elevation is important for EMR because it controls the areas where new 
mangrove seedlings can colonize. Understanding this information – the flooding 
tolerance of different species, at what elevations they may be found in a natural 
mangrove – can inform aspects of rehabilitation site design. This knowledge allows 
us to manipulate the environmental conditions at the site to be below the key tol-
erance thresholds to allow a natural propagule to successfully establish on a newly 
rehabilitated surface.

How to test this in the field?
The key step in the field is to compare the elevation of your rehabilitation site with 
a natural mangrove site. Since colonization has already occurred at the natural man-
grove site, it suggests that the elevation, and other environmental factors are suitable.  
There are many ways to compare elevations between rehabilitation and natural sites:

1) We can use the natural distribution of mangrove trees as a “biological bench-
mark”. Installing a marker at the lowest elevation of the natural mangrove zone 
(e.g. the bole of the tree that is furthest seaward) and at the highest elevation of the 
natural mangrove zone gives you an idea of the elevation that is flooded between 
low and high tides. Installing markers in the restoration site at the same time gives 
an easy comparison. E.g., if the lowest marker in the natural mangrove zone is dry, 
but the restoration site is inundated, it suggests that the elevation of the restoration 
site is too low. 

2) The hose water level is a quick and cheap way to calculate relative differences in 
elevation. The following information is adapted from this website: 

http://www.buildeazy.com/fp_waterlevel.html
This technique is useful because it is cheap, and it allows you to rapidly deter-
mine the difference in elevation between two points. You would then adjust the 
elevation of the 2nd point (rehab site) to match the first point (natural mangrove). 
However, you can only cover short distances, limited by the length of the hose.

3) Total Station surveying is often used in the construction industry, and can be ap-
plied to mangroves too. The principle is similar to the water hose technique (Figure 
6), and can be used to collect elevation information from natural mangroves and 
potential rehabilitation sites. Starting with a known point, you know the height of 
the instrument. The instrument has a laser, which is fired at a reflective prism. The 
Total Station uses the timing and angle of reflectance to calculate the position of the 
prism. Since we know the height of the prism also, we can calculate the elevation of 
the point below the prism.

The Total Station is very accurate (a few millimetres – actually more accurate than 
is required for a rehabilitation elevation survey) and relatively easy to use after some 
training. Another advantage is the ability to create 3-dimensional maps, that are 
useful for visualizing and communicating elevation data (Figure 7). The biggest ad-
vantage is to be able to map over longer distances than the water hose method 
– many hundreds of metres. However, the Total Station does require training, the 
laser can be blocked by trees (it needs “line of sight”), and can be expensive. A Total 
Station + operator can be rented for a relatively cheap daily rate.

4) If a tide gauge is available, elevations may be referred to the relevant Watson 
class. The Watson classes are useful for approximately delineating areas of a natural 
mangrove or rehabilitation site by elevation and tidal inundation, though the classes 
were only derived from a single site in Malaysia, so may not be applicable to all sites 
or species.

Fig 2.6 Determining Substrate Elevations
A trio of methods to compare tidal elevations be-
tween a rehabilitation site and a reference forest; 
1) a water level, 2) tide gauge and 3) total station. 
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Question 3 – Is your rehabilitation site protected from waves 
and currents?
This question relates to steps 1, 2 and 4 of the EMR criteria.  Mangroves are gener-
ally found in sheltered, low-energy environments such as estuaries, sheltered coasts 
or behind barrier islands and beaches. These environments do not generally experi-
ence large waves or strong currents, except during extreme events. Together, waves 
and currents can be defined as hydrodynamics. Hydrodynamics are linked to tidal 
inundation (Question 2 above).

Hydrodynamics are an important control on mangrove establishment and distribu-
tion, and understanding the role of hydrodynamics is key to successful restoration 
(Lewis (2005) Steps 1 and 2).  To resist being dislodged by currents and waves, a 
mangrove seedling must grow roots to anchor sufficiently into the soil. 

Rapid rooting is a key trait of pioneer species in terrestrial and mangrove forest 
environments. This adaptation allows pioneer species to take advantage of calm hy-
drodynamic conditions, or periods when there is no flooding (such as during a neap 
tide cycle or calm weather). We can define the “window of opportunity” required by 
different mangrove species in order to anchor sufficiently to resist dislodgement by 
large waves.

The “window of opportunity has been calculated for Avicennia alba (the following 
is described by Balke et al. 2011). This species requires 2-4 days after stranding to 
begin rooting. Because the A. alba propagule is buoyant, it requires roots 2 cm in 
length to not float up during inundation, which requires approximately 5-6 days. If

the seedling has a root length of 4 cm it is able to resist dislodgement by normal 
hydrodynamics. The seedling requires an average of 8 days to achieve this, thus the 
“window of opportunity” required by A. alba is 8 days. More research is needed to 
define the window of opportunity required for other mangrove species.

Why is this important for rehabilitation?
Knowledge of the hydrodynamics at a potential rehabilitation site is important in 
order to assess whether the site is suitable for restoration. In particular, if we can esti-
mate the “window of opportunity” required by different species to root and establish, 
then propagule releases can be planned for times of the month or year when the tidal 
regime is most suitable (e.g. a neap tide period, that may allow parts of a rehabilita-
tion site to remain inundation-free, depending on elevation).

How to test this in the field?
A suitable hydrodynamic environment for colonization can be estimated by com-
paring the hydrodynamics in the rehabilitation site with the hydrodynamics in a 
natural mangrove as a baseline. While seedlings in a rehabilitation site have different 
resistance to hydrodynamics compared to full trees in a natural mangrove, it provides 
a useful approximate comparison to suggest an area with a suitable approximate 
hydrodynamic environment.

Boizard and DeWreede (2006) in a freely available online publication describe a 
number of low-tech methods in order to monitor hydrodynamics, using items that 
are placed in the area of water flow.

Figure 2.7  A Total Station survey of several abandoned tambak in Makassar, 
Sulawesi. Red areas are high in elevation, blue areas (inside the ponds) are lower 
in elevation.  Data collected by Rachel Oh (National University of Singapore) and 
Mangrove Action Project, September 2013.
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1.	 Clod cards or blocks (made of gypsum or plaster of paris), glued to a plexiglass 
surface

2.	 Sucrose candy

These techniques depend on the principle of dissolution – if you deploy one of these 
materials of a fixed weight into the field, the water motion will erode the material 
and it will dissolve in the water (Figure 8). Faster water motion equals faster rates of 
dissolution. The original weight minus the final weight tells us how much material 
has been lost. Areas of the site where more material was lost suggests hydrodynamic 
“hotspots”, and measurements of loss can be compared to a standard calibration 
curve to estimate water velocities (Boizard and DeWreede 2006).

We can also use the “window of opportunity” concept to guide restoration. This fac-
tor can be estimated by collecting and growing mangrove propagules and taking reg-
ular measurements of their root growth. Simple experiments can then be conducted 
to calculate the force required to dislodge a seedling in the field by pulling (Balke 
et al. 2011).   Once we know the “window of opportunity” for different species, we 
can tide tables, tide gauges and/or elevation measurements (from Question 2 above) 
to estimate periods of the year when the “window of opportunity” may be available. 

Figure 2.8. Dissolution of a gypsum block clod card to estimate relative 	
hydrodynamic stresses.  Source: Boizard and DeWreede, 2006

2.3 Conclusions

Decades of failed mangrove plantings around the world have shown the importance 
of understanding the planting environment and the biophysical factors that act as 
a stress on an establishing seedling. The intertidal zone is a stressful environment, 
with many biophysical factors fluctuating greatly over the short time period of the 
tidal cycle, and greatly influencing the establishment and subsequent distribution of 
mangrove vegetation. Three important biophysical factors – 1.distance from other 
mangrove patches, 2. tidal inundation, and 3. hydrodynamics – have been discussed 
here. However, other factors may also influence seedling establishment to varying 
degrees. Such factors may include waterlogging and drainage, salinity (see Krauss et 
al. 2010 for a fuller description of these processes).

In conclusion, working with the biophysical environmentand understanding the key 
physical processes affecting colonization and establishment is an important aspect 
of EMR. It is particularly important in the context of Step 4 of the EMR criteria, 
which describes how important it is to “do your homework” on these biophysical 
parameters, so that we can select the most appropriate restoration site that will have 
the greatest chance of success. This means that instead of selecting the most conve-
nient site (e.g. an open mudflat), we instead select sites with the right biophysical 
conditions, such as (1) distance from nearest mangrove patch with available propa-
gules, (2) the right elevation and tidal flooding levels, and (3) sufficiently low waves 
and currents so that (naturally colonizing) seedlings are not dislodged.The tolerance 
of mangroves to these physical processes is species-specific, but understanding these 
tolerances during the initial planning phase of a rehabilitation project will go some 
way to improving its ultimate success.
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rehabilitation design, biological indicators which will form the baseline for future 
monitoring, and socio-economic information which will inform stakeholder involve-
ment.  Moving along this path, one develops a “big picture” view of water the man-
grove forest in its many dimensions, but also a deeper understanding of the potential 
for mangrove rehabilitation at a site specific level.  Those groups and individuals who 
are developing a mangrove rehabilitation program can choose appropriate initial as-
sessment activities depending upon the factors described later in this chapter.  We 
make recommendations for assessment activities which we consider essential  as well 
as those which can be considered optional.

3.2 Designing an Assessment Program

Designing an effective mangrove rehabilitation assessment program requires under-
standing of two aspects; the physical nature of the mangrove forest and surrounding 
watershed, and the human dimensions of the program participants and local com-
munity.  From this understanding, one can develop and assessment program that not 
only meets human needs, but that is also viable and likely to result in biophysical 
success.

Assessment in this process is broken down into two phases.  The initial phase is 
called a preliminary assessment.  The preliminary assessment is performed in a rapid 
manner, with only a small amount of stakeholder involvement, to try and determine 
rapidly both the physical as well as social viability of continuing with mangrove reha-
bilitation.  This is especially important nowadays, as eagerness to plant (not “replant” 
which refers to a second or third planting effort often after failure of the first) man-
groves has resulted in numerous failures, most often due to planting inappropriate 
areas (most often intertidal mudflats below Mean Sea Level) or due to lack of local 
community interest and involvement.  

After a preliminary assessment is performed, a more in-depth or comprehensive as-
sessment may be recommended or required.  The results of both preliminary and full 
assessment  then need to be appraised, before continuing with mangrove rehabilita-
tion design and implementation.

This is depicted below in the project cycle which has been adapted specifically for 
mangrove rehabilitation projects.

Mangrove rehabilitation assessment are based upon the following main questions;
1.	 Who is interested in this mangrove system?  What is their concern?
2.	 What do we want to assess?  What indicators need to be measured or observed?
3.	 How will we make those assessments?  What approaches and methods are re-

quired?  What measurements are optional?

3.1 Introduction

The measurements and observations described in this manual taken together span the 
physical, biological and to some extent chemical elements that define the ecological 
integrity of any given mangrove system.  This includes degraded mangrove systems 
that are being considered for rehabilitation, as well as analogue mangrove forests 
which act as references used in the design of rehabilitation in a degraded system.  
These reference systems may also serve to provide estimates for future performance 
of a mangrove rehabilitation effort; in terms of total production, carbon sequestration 
and storage, biodiversity, fisheries value or other desired metrics.

A program to assess a degraded mangrove area usually is begun in response to com-
munity or government concern over the state of the mangrove and a desire to restore 
it.  A thorough assessment phase is always recommended before engaging in any 
mangrove rehabilitation effort, to clearly demonstrate both the ecological feasibility 
of mangrove rehabilitation as well as genuine stakeholder interest and involvement.  
Although effective assessment programs follow similar paths in their development, 
each is unique and reflects both the physical nature of the mangrove area and sur-
rounding watershed, as well as the people involved.

Mangroves of the world vary in many ways including size, hydrology, productiv-
ity, biodiversity, surrounding land use, degree of disturbance and human utilization.  
Readers of this manual, and participants in the Mangrove Action Project network 
also vary in terms of resources available, degree of affiliation with established coastal 
resource management programs, the needs and concerns that drive rehabilitation ef-
forts, understanding of the mangrove and surrounding watershed, and level of stake-
holder skill, knowledge and experience (Lewis, 2009).

The purpose of this chapter is:
•	 To describe a measurement and observation path that builds from an aesthetic 

(qualitative) understanding of the mangrove and surrounding area to more quan-
titative measures taken in the mangrove forest itself.

•	 To describe the factors that shape the design of a mangrove rehabilitation as-
sessment in order to inform an appraisal stage which will either recommend that 
mangrove rehabilitation is not feasible, or that stakeholders should move to the 
design phase for actual mangrove rehabilitation.

•	
3.1.1 Assessment of the Mangrove Forest and its Surrounding Watershed
The path described here follows a general pattern beginning with the use of physical 
indicators (remote sensing and mangrove forest surveys) which will inform the 3.1.1 
Assessment of the Mangrove Forest and its Surrounding Watershed mangrove
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4.	 Where do we want to make our measurements and observations?  Is there an 
adequate reference forest available?  Do we need to re-create a model of the 
mangrove forest in the past?

5.	 When do we want to make our measurements and observations?  

3.3 Preliminary Assessment

A preliminary assessment often includes looking at one or a series of remote sensing 
imagery such as aerial photos or satellite images, to begin to understand the extent of 
mangrove degradation, change over time, the proximity to a natural source of seed-
lings and or reference forest.  Looking both upriver and out to sea will also reveal 
local land uses, which should provide a focus for the development of questions that 
need answers.  

99 Is there obvious disturbance to the mangrove forest?
99 Was the area in question indeed a previous mangrove forest?  Or has an affores-

tration (planting mangroves where there were never mangroves before) project 
been suggested by some stakeholder?

99 Are there any obvious disturbances to the ways in which water flow in and out 
of the mangrove area?

99 Where are nearby communities located, are there any clear community impacts 
on the forest?

99 What are major nearby landuses?”  
99 Is there any large industry nearby or agricultural/aquaculture lands?
99 Are they these landuses encroaching on the mangrove forest?  
99 Are there any clear patterns of sedimentation or erosion evident?

Once potential assessment sites have been identified, a mangrove walk may be the 
next step.  This can initially be undertaken in a rapid and qualitative manner, still fall-
ing under the category of preliminary assessment or as part of a more comprehensive 
assessment.

This preliminary assessment method will be covered in Chapter 4.

3.4 Comprehensive Assessments - Biophysical and Socio-Economic

This step in the program is often a more organized and focused approach that builds 
from the questions addressed in the preliminary assessment.  The purpose of assess-
ment is to determine, through measurements, observations, interviews and discus-
sions

Figure 3.1 - The project cycle.  Each step is built upon the previous step, the answers 
and questions generated by one step, inform and shape the next level.  (note – use 
the EMR specific project cycle).



3   EMR Manual

38

Chapter 3 - Program Design

39

•	 whether there is a mangrove degradation problem, 
•	 the sources of the problem, 
•	 interest in resolving the problem, 
•	 and the overall viability of mangrove rehabilitation.	

In this manual, Chapter 5 will cover comprehensive biophysical assessments, while 
Chapter 6 will cover comprehensive socio-economic assessments, both of which will 
inform rehabilitation design and implementation. 

3.4.1 Biophysical Assessments
Activities in Chapter 5 describe various approaches to measuring and observing bio-
logical and physical characteristics of both the rehabilitation site in question as well as 
nearby reference mangrove forests.  This includes studies of ecology (vegetation, habi-
tat, fauna, edaphic conditions), hydrology (size and shape of tidal channels, erosion/
sedimentation patterns influencing tidal inundation and frequency, substrate height), 
and disturbances which inhibit mangrove establishment and healthy growth.  From 
these activities, more specific questions will emerge.  These questions will help deter-
mine which indicators to measure to both inform restoration, and also to provide a 
baseline from which to compare future development of the rehabilitated system.

We also include biological and productivity assessments, which may not be necessary 
to inform rehabilitation design, but can be useful to the practitioner to prove the value 
of rehabilitation activities to government or other stakeholders.

3.4.2 Social-Economic Dimensions of Assessment
Chapter 6 will take us through the process of assessing socio-economic factors of the 
local community and other relevant stakeholders.  The following questions address the 
other important aspect, alongside the biophysical nature of the mangrove forest, that 
helps determine the direction a mangrove rehabilitation program will take; the social 
dimension.

•	 Who cares about the state of the mangroves?
•	 Who currently has access to and control over the mangrove/intertidal area?  Is this 

in the form of ownership or customary use rights?
•	 Who are the marginalized and powerless members of the community?
•	 Who should be involved in rapid surveys?  Longer term assessments?
•	 What government policies exist, at all levels, that impact on the mangroves?
•	 Are there conflicting policies?  Overlap in government jurisdiction?
•	 Where does the power currently lie in the community?

•	 Who will use the survey/assessment measurements?  What type of quality needs do 
they have for the data? 

•	 Do community groups exists?  To what extent is community organizing required? 
•	 What are the resources available to the group?
•	 What is the general skill level in terms of taking measurements and interpreting ob-

servations?  To what extent is training or capacity building required?
•	 What is the community’s level of experience with mangrove resources?
•	 What is the value of the mangrove resource to the local community?
•	 What is the value of in-tact mangrove resources?
•	 What are the levels of economic welfare in the local community?
•	 What are economic priorities of the community?  Other stakeholders?

The information uncovered in both Biophysical and Socio-economic assessments will 
provide the foundation for planning a rehabilitation program that is at an appropriate 
scale and that seeks to answer the right questions.

The assessment activities and approaches chosen will be based upon the physical character 
of the mangrove, the skill level of the group, others who might use the data or observa-
tions and the resources available to the group.  

“Where” to make measurements and observations is based primarily upon the area de-
fined in the preliminary assessment.  “When” to make measurements and observations 
is influenced by the time schedule of interested stakeholders, seasons (wet and dry), tide 
schedules and other factors.

Given an understanding of the existence of problems which impede natural mangrove 
growth, the sources of these problems, the level of community interest and the viability 
of rehabilitation, it is then possible to plan for and take effective action, described in 
Chapters 7 (project design) and 8 (implementation).

3.5 From Assessment to Action
An assessment program often generates another set of questions that generate another 
round of measurements and observations that lead ever closer to defining the sources 
of the problem or issues to resolve.  The questions under the action-taking step include: 
What are the root causes of mangrove degradation (definition of the problem)?  Who 
is affected by the problem?  (people, animals)  Who is responsible for the problem?

The transition from observations and measurements to interpretation of the data and 
definition of the problem is critical.  Only then is it possible to create an informed 
design to address the roots causes of mangrove degradation.  Rehabilitation may cer
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For example typical constructed mangroves in Florida cost usd $125,000 per ha, and 
even simple hydrologic restoration is about usd $25,000 per successful ha due to high  
design, permitting and monitoring costs. These costs can be reduced significantly (to
say USD$100-1,000 per successful ha) where extensive mechanical excavation is not 
needed and extended permitting time frames and requirements do not exist or can be 
reduced. 

Why worry about costs?  There is only a limited amount of money for mangrove res-
toration, and wasting it on projects that do not work, or paying more than is needed 
to achieve successful mangrove cover over time just wastes those limited funds. All 
mangrove restoration projects should have as one of their goals to achieve “cost effec-
tive and successful restoration.” Too often, project funds are made available and spent 
without proper accounting for what was achieved at what cost. Each project provides 
the opportunity to learn where funds are best spent, and where expenditures are not 
needed. Construction and operating a nursery for mangroves is a common initial ex-
penditure without determining in advance if volunteer mangroves might come into a 
project site and eliminate the need for a nursery. 

If growing and planting nursery grown mangroves is defined not necessarily as an es-
sential part of the successful restoration of an area, it may be identified as an important 
educational tool, or as an essential part of a community based effort where local fisher

tainly be one outcome of this process.  But it is equally likely that rehabilitation will 
not be recommended.  There will almost certainly be additional actions required to 
address the root causes of destruction.  

Some of these include;
•	 Short to medium term livelihoods support to relieve community pressure off of 

mangroves.
•	 Policy amendment to offer a greater degree of protection to mangroves.
•	 Focused community awareness building, oftentimes requiring a specific gendered 

approach.
•	 Environmental education for youth to ensure long-term understanding of man-

grove resources and develop an ethic of appreciation, protection and sustainable 
utilization.

Chapters 7 and 8 are dedicated to moving from assessment to mangrove rehabilitation 
implementation and other forms of action taking, by going through a planning process 
and then discussing implementation.  

3.6 Model Programs
Several case studies are provided in Chapters 8 on Implementation and Chapter 10 to 
show how different stakeholders have approached the issue of mangrove degradation.  
EMR was originally laid out as a 5 step process, the first three of which were of an 
assessment nature (Ecological Assessment, Hydrological Assessment and Assessment 
of Disturbances).  In the model program from Tanakeke Island, South Sulawesi, MAP 
- Indonesia found that between 18 – 22 distinct steps were required in undertaking 
EMR alone, without considering additional programs such as livelihoods, community 
based coastal resource management or environmental education.  What is clear in all 
approaches, is that a significant amount of time and resources dedicated to assess-
ments (social and ecological), greatly improves the quality of the program and the 
likelihood of success of the future action.

The moral of the story is that you need to do your homework, in the form of assess-
ments, before taking action.

3.7 Costs of Restoration
The actual cost of mangrove restoration are rarely reported or documented. Lewis 
(2005) summarizes most of what we know about costs, but these are largely costs 
within the USA. Costs of projects outside of the USA are usually lump sums for a 
project which may include significant overhead (office costs, travel, accounting) costs. 
Where they are reported, they need to be broken down into various categories such as 
institutional overhead, planning, permitting, land acquisition, planted mangrove costs 
if used, labor, machinery costs if used, surveys, engineering, monitoring and reporting. 

Figure 3.2 - Demarcating Mean Sea Level as part of an EMR training.
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folk wish to help a project along. That is fine as long as the costs to build a nursery 
and grow mangroves for these purposes does not take essential funding away from 
efforts like careful site selection, hydrologic restoration, or monitoring and reporting. 

How should costs be reported?  It should never be a cost per seedling, as that im-
plies planting. It should be cost per ha of successfully restored mangroves over five 
years, which likely produces only about 1000-2000 viable trees per ha in the long 
term (20-40 yrs) (but that can be as low as 500). usd $1,000 per ha is reason-
able if some design of an EMR project has already taken place, or the people in 
charge are well trained in EMR. The larger the project, the lower the per hect-
are costs (down to usd $100 per ha for projects over approximately 1,000 ha). All 
these numbers are ballpark estimates, and every project has individual circum-
stances, like resolution of land ownership and use issues which can increase the 
time and costs. Monitoring costs are not included here, just actual restoration costs. 

Remember it is mostly hydrologic restoration that is needed with plantings only for 
education or to encourage community based involvement, which is fine. 
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Quickbird		  ?			   1/10,000
Google Earth		  ?	

IKONOS and Quickbird are two types of satellite images which are usually good 
for specific site management plans, for instance for planning hydrological/ecological 
mangrove rehabilitation.  The recent liberation of satellite images by Google Earth 
has democratized the use of remote sensing.  A specific guide outlining some of the 
more basic uses of Google Earth for EMR is provided in this manual as an appendix. 

Another major advantage of remote sensing is that it can detect a much wider range 
of the electromagnetic spectrum than the human eye can see.  Various sensory devic-
es can detect information about objects in the ultraviolet, visible and infrared wave-
lengths.  For example, IKONOS satellite images with a very high spatial resolution 
of 1 meter are being used  to distinguish between mangrove species in Sri Lanka   
Not only is this an advancement for the monitoring of forests, it is even more impor-
tant considering their patchy nature in Sri Lankan mangroves (in contrast to classi-
cally zoned forests). The presence of species such as Acrostichum aureum can also be 
detected from IKONOS imagery, which is important in the early warning for cryptic 
ecological changes (Dahdouh-Guebas et al. 2005) that may affect mangrove species 
composition. The highest resolutions (as in pan-sharpened multi-spectral compos-
ites) remain invaluable for visual ecological investigations. Advancements such as 
this may serve many management purposes, not the least in prioritizing and planning 
for mangrove rehabilitation if needed.

Another limitation is the cost of purchasing the imagery. Government offices, plan-
ning bodies, international NGO’s, and universities often have aerial photographs or 
satellite images than may be available for class use (especially slightly older imagery). 
After the Indian Ocean tsunami, many international agencies have made satellite 
imagery available for greenbelt rehabilitation works. A list of contacts for provi-
sion of free satellite imagery has been attached as an appendix. Moderate resolution 
imagery is available for free from Goggle Earth, but the higher resolution imagery 
(Google Earth Pro) is available only by paid subscription at about $USD400 per year. 

Activities 4.2 - 4.5 ahead focus on the implications of changing land-use practices on 
the health of the mangrove system. Activities 4.6 and 4.7 seek to answer the ques-
tions: How large is the functional mangrove area?  Where are the boundaries of the 
mangrove?  Who own the mangroves? Who has jurisdiction over the mangrove for-
est? How has the mangrove and surrounding area changed over time?  

Activities for this section are listed below:  

4.1 Introduction
A mangrove ecosystem is an area where fresh water meets sea water in a semi-pro-
tected coastal environment.  The dominant vegetation of this ecosystem are mangrove 
trees which are specially adapted to live in this specific environment of variable salin-
ity, tidal inundation and water-logged soils.  It is useful to begin a mangrove action 
project by studying the interactions of land and sea, and the patterns of water flow in 
and out of a mangrove area (part of the area’s hydrology) as a whole, before examin-
ing parts of the system.  To understand how human activities impact the mangrove 
ecosystem, it is best to observe first the physical characteristics of the mangrove area.  
By taking a bird’s eye view of the mangrove forest through topographic maps and 
satellite images, it is possible to grasp the physical complexities of the mangrove eco-
system before visiting the actual forest.

Remote sensing is the acquisition of information about objects by way of sensory 
devices which are remotely situated, such as in airplanes and satellites.  Remote sens-
ing has proven to be a powerful and valuable tool for analyzing mangrove forests and 
land-use practices within and adjacent to mangrove areas.  Aerial photographs and 
satellite images are useful in the detection and analysis of threats to the mangrove 
forest.  The relationship between adjacent land use and mangrove forests as well as 
information on floods, droughts, deforestation, green-belt width for storm protec-
tion, wave patterns and agricultural/aquacultural development and practices are in-
creasingly monitored through remote sensing. 

The two major forms of remotely sensed data are aerial photography and satellite im-
ages.  Both have benefits and drawbacks, and the preferred system depends on what 
information is needed.  There are some universal strengths and weaknesses associated 
with both methods of remote sensing. Remote sensing allows large scale monitoring  
of the environment.  A single image can cover an entire mangrove forest, allowing 
the user to see the “big picture” and to monitor a large area instead of small individual 
areas.  Of course, the larger the area imaged, the lower the resolution, or detail will be.  
The spatial resolution of satellite images is measured in units called pixels, which are 
the smallest pieces of information that can be detected.  The resolution and common 
scales of some common satellites are as follows:

Satellite		  Resolution		  Preferred Scales
LandSat ETM		  28 meters		  1/50,000
Spot 5 Colour		  2.5			   1/30,000
French Spot 2, 4	 10 meters		  1/25,000
IRS ID Pan		  5			   1/15,000
IKONOS		  ?			   1/5000
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2.	 A mangrove begins at its terrestrial edge and continues down to the river-bank, 
estuary, lagoon or coast.  Mangrove forests rely on a mix of fresh water coming 
from land and salt water from the sea.  Fresh water sources include streams and 
rivers, ground water and rain water.  The resulting water is brackish and is heavily 
influenced by the tides. 

3.	 On the satellite image, see if you can locate sources of freshwater and salt water.
4.	 Tidal creeks assist the flow of water in and out of a mangrove area.  Tidal creeks 

begin at the landward edge and widen as they meander toward the sea.  Note the 
position and shape of tidal creeks on the satellite imagery. Are they straight like 
ditches or curved like natural rivers?

Activity 4.3  Mangrove Greenbelts

Objectives
99 Learn about the functions of a greenbelt.
99 Learn about local legislation affecting the width of the greenbelt.
99 Measure greenbelt widths using remote images and compare with legal mini-

mum greenbelt widths.

Materials
National laws, local ordinances on greenbelt sizes.  Copies of satellite images or aerial 
photographs with scales.  Markers or crayons, and pencils. Calculator.

Time   Approximately 30 minutes.

Background Information
Much has been made of the importance of greenbelts since the Dec 2004 tsunami 
which devastated coastal areas around the Indian ocean basin.  Although empirical 
evidence is lacking that an intact mangrove greenbelt can confound a tsunami, there 
is no doubt that a vigorous greenbelt helps to remediate potential damage from both 
wave and storm.

Each country has its own set of laws to determine the extent of obligatory mangrove 
greenbelt in natural mangrove areas.  Common figures in the region are similar to 
Indonesian law which stipulates a 200 meter greenbelt depth along the coast and 50 
meters along major rivers. In some cases a formula is used to determine the breadth 
of the greenbelt.  An ecological formula has been calculated in Indonesia calling for a 
greenbelt 130 times the difference between the average annual high tide and average 
annual low tide.

Activity 4.2 	 A Bird’s Eye View of the Mangrove Forest 
Activity 4.3  	 Mangrove Greenbelts 
Activity 4.4 	 Changing Land Uses Over Time 
Activity 4.5 	 Community Mapping of Mangrove Forest
Activity 4.6 	 Mangroves and People 
Activity 4.7 	 Perimeter, Land Ownership and Management Status Mapping

Additional Section
•	 Appendix X - Using Google Earth for EMR (end of manual)

Activity 4.2   A Bird’s Eye View Of The Mangrove Forest

Objectives
99 Learn to interpret aerial photographs and satellite imagery.
99 Develop a basic understanding of the structure of mangrove forests.
99 View the mangrove forest holistically.
99 Gain comprehension of mangrove forests, inflows/drainage/discharge, tidal 

creeks, rivers and estuaries.
99 Gain basic comprehension of mangrove hydrology.

Materials
Digital remote sensing imagery, LCD projector and/or copies of satellite images or 
aerial photographs, topographic maps of coast (if available), markers or crayons, and 
pencils.

Time: Approximately 45 minutes.

Background Information
This activity is designed to provide students/workshop participants with a founda-
tion of knowledge of mangrove forests and hydrology.  It is important to understand 
the basic structure of a mangrove forest to fully understand the processes and factors 
that control the mangrove ecosystem.  Aerial photographs and satellite imagery offer 
an opportunity to view the mangrove forest as a whole entity.  Through looking at 
images of the whole mangrove forest, participants will gain comprehension of man-
grove forests, inflows/drainage/discharge, tidal creeks, rivers and estuaries.

Procedures
1.	 Use an LCD projector or provide multiple copies of an aerial photo/satellite im-

age of a local mangrove forest so that everyone can follow along with the activity.  
Also hand out topographic maps of the coastal area so that students can write in 
characteristics of the forest as the activity progresses.
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Ex: Where the average difference between the high and low tide is 1.7 meters the 
prescribed greenbelt depth is:  130 x 1.7m = 221 meters.

In this activity, participants will measure greenbelts both along the coastline and riv-
ers and compare their findings with national laws or local ordinances.

Procedures  
1.	 Work in small groups with images of your mangrove area.
2.	 Determine what local and national laws state regarding mangrove buffers along 

the coast and major rivers.
3.	 Determine the scale of the remote image.  For this example we will use a 1/5000 

scale.  
4.	 Using a 1:5000 scale, means that every cm on the image equals 500 meters.  
5.	 This means a 200 meter greenbelt will be greater than 0.4 cm (4 millimeters)

				    200  :  x     =    0.4 cm
				    500     1

and a 50 meter greenbelt will be greater than 0.1 cm (or 1 millimeter)

				    50  : 	  x     =    0.1 cm
				    500     	  1

6.	 Begin to measure mangrove buffers along the coastline and river banks if pos-
sible.  Locate areas on the map where buffer sizes are in conflict with local/
national laws.

7.	 Areas where the greenbelt seems inadequate can be ground-truthed.  Bring a 
GPS unit, measuring tape and a digital camera to the field site, and begin to col-
lect evidence of inadequate coastal buffers.

Discussion Questions
1.	 What functions do coastal greenbelts serve?  
2.	 Are the majority of coastlines and rivers in your area adequately protected by a 

greenbelt?
3.	 Why are some greenbelt areas not intact?
4.	 Do you have the political approval to rehabilitate the coastal greenbelt?
5.	 Do you have the technical capability to rehabilitate the coastal greenbelt?

Activity 4.4  Changing Land Uses Over Time

Objectives
99 Study different land uses in the mangrove area
99 Develop an understanding of how land use affects the mangrove forest
99 Gain awareness of human impacts on the mangrove forest and associated fisher-

ies.

Materials
Laminated copies of an aerial photograph or satellite image depicting a local man-
grove forest.  Transparencies, clear tape, pens.

Time  Approximately 30 minutes.

Background Information
Most people think of mangrove forests as coastal ecosystems, and this is true, but 
since mangrove forests rely on a consistent fresh water influx, land based activities 
which im- pact fresh water sources also have a large impact on the mangrove. Farm-
ing activities, road or even footpath construction, housing development, aquaculture 
development and other land uses can alter the regular flow of freshwater into the 
mangrove. Deforestation in the highlands behind a mangrove forest may have a del-
eterious effect as well on mangrove health, as deforested uplands show an increase 
in run-off and decrease in infiltration to the aquifer, mangroves which once received 
a steady flow of fresh water will experience fresh water floods after rain events and 
longer dry periods due to empty aquifers.

More directly affecting mangrove forests are land-use decisions which lead to the 
con- version of mangrove forests to other ecosystems. Due to short term thinking, 
man- grove forests are converted to industrial shrimp farms, oil palm plantations, or 
are clear cut for charcoal making. Mangroves are also often converted for develop-
ment projects such as housing, airports, harbors, hotels etc. These conversions largely 
ignore the multiple long-term economic benefits and environmental services that 
mangrove provide such as fisheries production, non-timber forest products, waste 
water treat- ment, storm and wave protection and erosion control. The following ex-
ercise has been developed to examine what land-uses are taking place in and around 
your local man- grove area. Identification of various land-uses is the first step in mak-
ing informed future land-use decisions.
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Procedures
1.	 Work in pairs or larger groups, depending on the availability of images.
2.	 Place a transparency over the part of the image that includes your mangrove area 

and tape it down.
3.	 Once you have the transparency properly placed, outline your mangrove forest.  
4.	 All around the mangrove forest label the different land-uses that you can detect 

from the photo.
5.	 Locate your community on the map if visible.  How close is it to the mangrove?
6.	 Denote any land-uses occurring within the mangrove forest such as aquaculture 

pond, or charcoal production area.
7.	 How might the different land uses in and adjacent to the mangroves affect the 

mangrove forest?  Look especially at the vegetation, development and blockages 
of water flow.

Discussion Questions
1.	 Discuss the effects on the mangrove forest of noted land use changes in and 

behind the mangrove.  Which changes would be most detrimental to the health 
of the mangrove forest?

2.	 How have land use practices changed in and around your mangrove in the last 
10 years? 20 years?  30 years?

3.	 What has been the effect of these land use practices on the health of your man-
grove?  On the fisheries of the mangrove?

Activity 4.5 Community Mapping of Mangrove Forest

Objectives
99 Map the boundaries of a local mangrove forest
99 Show the locations of the tidal creeks, and water inflows/outflows that enter your 

mangrove.
99 Locate significant natural features in and around your mangrove
99 Illustrate major land uses in and around your mangrove forest.
99 Determine access, land ownership and land use permissions in for the mangrove 

area.

Materials
Geographic survey maps, road maps, topographic maps, land-ownership data, trans-
parencies, pencils, crayons or colored pencils, paper (preferably tracing paper), Activ-
ity 1.4 data sheet from Appendix A.  (The map should include the entire mangrove 
forest to be studied).

Time  Approximately 80 minutes.

Background Information
The first step in a mangrove action project or rehabilitation project is to define the 
boundaries of the mangrove forest.  The health of the mangrove forest is also directly 
linked to the land and use of the land that surrounds the mangrove forest and resul-
tantly affects the flow of water in and out of the mangrove system.  This expands the 
concept of a mangrove forest to that of the actual area where mangroves are grow-
ing, plus the surrounding land area that affects the health of the mangrove forest.  
Extending this paradigm, we see the mangrove forest as part of the larger watershed 
which flows from mountains to sea.  There is increasing attention given to this whole 
watershed approach.

Due to global warming and resultant sea-level rise, there is also much talk of man-
grove migration inland.  As coastal mangroves become inundated with sea water, 
mangroves are migrating inland in cases where there is room for landward move-
ment.  In this exercise, we will draw the boundaries of the actual mangrove forest as 
a management unit, but also draw in the areas that affect the future of the mangrove.  
This will allow us to contact the appropriate agencies with jurisdiction and land own-
ers of the areas that need to be managed in the present as well as the future  ensure 
the long-term survival of the mangrove forest.  
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Procedures
1.	 Locate your local mangrove on a survey map or road map and find the corre-

sponding area on your satellite photo.
2.	 On the satellite photo, differentiate between mangrove trees and terrestrial veg-

etation if possible.  If this proves difficult look for roads on the satellite map or 
if roads are not visible, look at the survey or road map and note the position of 
roads or other landmarks.  

3.	 Try and draw a line around the entire mangrove area which will separate the 
mangrove forest from terrestrial areas.

4.	 Calculate the area of your mangrove from the map:  Make a grid on a transpar-
ency with boxes 1 cm x 1 cm.  Place the grid transparency over the mangrove 
forest area.  Count the number of boxes covering the mangrove area.  Determine 
measurement of distance on the map by using the map and its scale.  To find the 
area, multiply the centimeter scale by the number of boxes (#1 on Activity  1.4 
data sheet in Appendix A).

5.	 Trace the visible tidal creeks running through the mangrove area.  Count these 
and record on the data sheet.

6.	 Record the names of any major rivers.
7.	 Record any other place names that can be determined.
8.	 Use your own and other people’s knowledge of your region to identify on the 

map the major land uses within and surrounding the mangrove forest. (General 
Development Maps and Zoning Maps, available from county and township gov-
ernments are helpful in identifying land use.  For this activity you may want a 
larger view of the mangrove area including parts of the mid or upper watershed.

9.	 Record on the data sheet the area percentage of the land uses.  You can use the 
tracing paper with various colors representing the various land uses. Major land 
uses may include aquaculture, agriculture, urban/suburban, industrial, mining, 
logging, forested, reserve, etc.  

Use the grid transparency to help calculate percentages of land use.  Calculate the 
total mapped area, then count the boxes under a specific land use.  To determine a 
percent land use, divide the total mapped area by the specific land use.

Ex.   	 Total mapped area = 600 cm2.

	 Area under aquaculture = 85 cm2 (85 boxes)

	 85/600 =  0.1416666 = 14 %

10.	 Determining ownership of the mangrove and surrounding land area is an activ-
ity which may potentially cause conflict.  The situation will differ in each region.  
Oftentimes, a user or developer of the mangrove will not have official permission

or will have permission from a government agency that does not actually have 
jurisdiction over the area in question.  Resolving land use and ownership issues 
needs to be done carefully, but is important to providing long term security to a 
mangrove rehabilitation or management initiative and also in providing benefit 
to a larger swath of society, namely local fisherfolk communities.

Determining and mapping land ownership/land use may be a separate activity.  
Participatory, community mapping is a common strategy to expose and resolve 
land ownership issues/conflicts.

11.	 Locate or draw on the map significant features (including forests, salt pans, mud-
flats, rivers)

12.	 Locate or draw on the map additional hydrologic features such as weirs, trenches, 
canals, dike walls, drainage pipes etc.

13.	 The finished map will be useful as a start to any mangrove action or restoration 
project.

Discussion Questions
1.	 Where does the water for your mangrove forest come from? Do streams and 

rivers flowing into the mangrove flow all year?  Are there historical creeks that 
no longer flow into the mangrove forest due to blockage?  Are there other altera-
tions to the natural flow of water into the mangrove area?

2.	 What are some of the major land uses in and around your mangrove forest?  
How might these different land uses affect the mangrove.

3.	 What are the percentages of land use types in the and around the mangrove for-
est?  Do land use changes occur as you move from the upper watershed to the 
mangrove?

4.	 Which government agency or agencies have jurisdiction over your mangrove 
forest?  What do you know about these agencies?  Are they actively managing 
the mangrove forest?  Is there an opportunity for community involvement in 
mangrove management?

5.	 Which government agency or agencies have jurisdiction over the areas surround-
ing your mangrove forest?  Are they in coordination with the agency/agencies in 
charge of the mangrove forest?

6.	 Are there any private land-owners with claims inside of the mangrove forest?  If 
so, are these claims legal?  

7.	 Who owns the land immediately behind the mangrove forest on the landward 
edge?  Are their activities disturbing the health of the mangrove forest?

8.	 How would human activities in one part of the mangrove or adjacent to the 
mangrove affect the health of the mangrove?  For example, how does land based 
agriculture affect the mangrove forest?
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Activity 4.6   Mangroves and People

Objectives
•	 Develop interviewing skills
•	 Design a questionnaire
•	 Compile the results of interviews and piece together the history of the mangrove 

forest.

Materials
Pencil, paper, tape recorder (optional).

Time
Approximately 80 minutes class time; 40 minutes to design questionnaire and 40 
minutes to discuss results (Participants should do the actual interviews outside of 
class).

Background Information
Mangrove forests are the focal points of human activity around the world.  People 
who live close to mangrove forests come to know them intimately.  Fisherfolk com-
munities especially have watched and interacted with the mangrove forest and its 
inhabitants for their entire lives.  Fisherfolk have knowledge about the mangrove and 
local community just waiting to be tapped.

In this activity. Students will interview fisherfolk to learn more about the mangroves.  
History comes alive through interviews.  Discussions with real people about their 
impressions and experiences with the mangrove forest is often much more meaning-
ful than reading a book, article or viewing a video or film.  It will be useful to have the 
data sheets from Activity 1.4 on hand when performing the interviews.

Procedures
1.	 Have students work alone or in groups to develop a series of questions they 

would like to ask someone about the mangrove forest.  Below are some sample 
questions.
•	 How long have you lived in this area?
•	 What do you remember the mangrove forest being like when you were a 

teenager?  
•	 Did you use the mangrove forest in different ways than it is used now?
•	 What are your hopes for the mangrove forest in the next 50 years.

2.	 Have students interview several people about the mangrove forest (they can do 
this as a homework assignment over a weekend or overnight in the case of a 
workshop).  The following suggestions will help students to conduct an effective 
interview.

•	 Try to interview older people, who may have a lot of knowledge about lo-
cal history.  Family members and neighbors may be a good place to start in 
recruiting people to interview.

•	 Inform the person you are planning to interview of the purpose of the inter-
view, how long it will last, and how the interview results will be used.

•	 Give the interviewee an idea of the types of questions you will be asking.
•	 Try to draw out specific examples from people who make general state-

ments.  For example, if someone were to tell you that they used to catch fish 
in the mangrove ask them where, during what tides, what kinds of fish, how 
much, what equipment they used, etc.

•	 Role-play interviewing other students/participants before conducting the 
real interviews.

Discussion Questions
1.	 Discuss your interview findings as a whole group. How do the student’s view of 

the mangrove differ from the people they interviewed
2.	 In what ways is the mangrove of today like the mangrove of the past (10, 20, 30, 

40 years ago)?  How is it different?
3.	 Were there any common experiences with the mangrove?  How did the experi-

ences differ?
4.	 How did it feel to learn about the mangrove forest from other people?
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Activity 4.7  Perimeter, Land Ownership and Management Status 
Mapping (Required) 

Objectives
•	 Identify and accurately mark the perimeter of the potential rehabilitation site.
•	 Determine and confirm ownership/use rights of the rehabilitation site.
•	 Confirm the use status of each area of potential rehabilitation site and confirm 

areas for rehabilitation. 
•	 Confirm owner willingness to allow rehabilitation.

Output A complete map of area, ownership and status, confirming areas for rehabili-
tation, with size of each area marked. 

Materials
•	 GPS
•	 Current aerial photographs of potential rehabilitation site, both laminated and 

un-laminated. 
•	 Government maps (Dept Forestry, Fisheries, Land Planning)
•	 Any additional previously created maps of potential rehabilitation site. 
•	 White board markers (different colours).
•	 Pens
•	 Notebook
 
Time   3 days
•	 1 day for perimeter, ownership and status interviews
•	 1 day to ground truth 
•	 1 day for map creation 

Background Information
With regards to land use and ownership, mangroves are placed in a precarious posi-
tion between land and sea.  They fall in the jurisdiction of various agencies, from 
technical agencies such as forestry and fisheries departments, to various levels of 
governments from village, municipal, district, provincial or national levels. To add to 
the confusion, some mangroves are individually owned, by numerous small-holders 
or conglomerated into the hands of one or very few wealthy landowners.

Lack of clear policy on mangrove jurisdiction in no small part has resulted in large-
scale degradation.  It also makes it extremely important to resolve land ownership 
and use issues, to the extent possible, before attempting rehabilitation.  As this man-
ual has a pro-community bent, we strongly encourage a

mangrove rehabilitation practitioner to consider how to promote improved access to, 
and control over, mangrove resources by first hand natural resource users (fishers, farm-
ers, community foresters, women, marginalized individuals, the poor) as a major prior-
ity.

Figure x, below, depicts various land use and ownership possibilities in Indonesia, as an 
example of tenure arrangements that need to be considered from the onset of a man-
grove rehabilitation program.

Figure x:  Possible Forest Tenure Arrangements ex: Indonesia (CIEL, 2002)
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Chapter 4 - Preliminary Assessment

Make sure the map includes 
areas surrounding the area to 
be rehabilitated in faint out-
line, so land and water chan-
nel continuations are visible.

views in your notebook. 
4.	 If areas within the border are not individually 

owned (eg. owned by the whole community) 
mark with the following code:

5.	 Areas adjacent to areas available to reha-
bilitation (the green areas) where natural re-
vegetation has occurred and the majority of 
vegetation is still in the seedling and sapling stage, overlay status colours with 
the following code:

6.	 Using a GPS, ground truth the perimeter of ponds discussed above, as well as 
adjacent natural re-vegetated areas.

7.	 Calculate areas potentially available for rehabilitation in km² and mark on map.

A pair of actual land ownership and status maps are included on the next pages for 
reference

Discussion Questions
1.	 What are the difficulties in talking with landowners about relinquishing their 

ponds for mangrove rehabilitation?  What surprised you about this activity?
2.	 If land use or ownership is unclear, what steps can you take to help bring about 

clarity?  Who else needs to be involved?

Procedures
On laminated aerial photograph identify potential area for rehabilitation. The po-
tential rehabilitation area includes ALL areas owned or managed by the community 
at hand. Consult with community representatives, village heads, and technical gov-
ernment agencies, to outline borders of community owned/managed land. Mark on 
photograph. 
1.	 Review individual ownership of areas within the community boarder. Mark on 

photograph. 

 	 Currently operated
 	  
 	 Disused but plans to operate
 	  
 	 Disused and willing to rehabilitate

2.	 Find owners identified in 2., confirm border of individual ownership areas and 
mark status of each area using the following colour codes:	

       After every interview recorded details on a map to avoid any loss of 	
       information.
3.	 Record any issues of ownership/additional information arising from these inter
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BIOPHYSICAL EMR ASSESSMENTS
5 
1. Initial Adjustment of Clump Structure

2.  Weeding

3.  Soil Systems & Bamboo

4. Soil Nutrient Management

5. Sustainable Harvest

6. Ecological Pests & Disease Management

1.  Hydrological Assessments

2.  Ecological Assessments

3.  Disturbance Analysis

4.  Biological Surveys
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5.0   Overview
This chapter provides activities to guide learners in a biophysical analysis of their 
mangrove area.  The chapter is divided into four sections; on hydrology, ecology, dis-
turbances inhibiting natural mangrove growth/regrowth, and finally biological and 
productivity indicators.  Not all of the activities in this section are necessary in order 
to develop an Ecological Mangrove Rehabilitation plan or design.  We have labeled 
some activities as required, while others are optional.

When undertaking these activities, you may be doing so to inform your EMR de- 
sign, or also to establish a baseline for future monitoring after the rehabilitation 
project. Before undertaking the surveys, it will be important to clearly establish your 
project’s goals. If the project is simply one to rehabilitate mangroves, you might 
not need as many replicates during your surveys. If the project is also intended for 
academic purposes, or to demonstrate the change in quality or value of parts of the 
mangrove system, your survey methods will need to be more rigorous, with an ad- 
equate number of replicates. Consulting a statistician before designing the surveys 
will be important.

As it stands, we present basic methods for a variety of surveys, with the caveat that 
they should be adapted to suit an individual project’s needs.

Factors Influencing Mangrove Establishment and Early Growth
Key ecological principles influencing mangrove establishment and early growth 
were discussed in Chapter 2. To reiterate, of the environmental requirements for 
mangrove recruitment, growth and healthy long-term functioning, there are eight
– major determining factors (Chapman, 1977, Brown, 2007 and Lewis, personal 
communications  and  Friess, 2012).

1) temperature, 2) protected coastlines, 3) currents, 4) edaphic conditions, 5) sedi-
mentation patterns, 6) salt water and 7) tidal inundation and frequency and 8) pres-
ence and functioning of tidal creeks.

Not all, however, of these factors need to be measured as part of Ecological Man-
grove Rehabilitation surveys or monitoring.  Activities in section 5.1 focus is on 
biophysical metrics related to hydrology.  The first activity relates substrate elevation 
to tidal inundations and frequency.  The second looks more closely at patterns of 
sedimentation and erosion.  The third looks at tidal creeks, which are essential at-
tributes of a healthy mangrove forest which functions over the long term.  

Ecological metrics will be covered in section 5.2.  This begins with a study of vegetation; 
both individual mangrove ecology (autecology) as well as community associations.  

We also offer a study of edaphic conditions (properties of soil/substrate) in this sec-
tion.   Activities in section 5.3 take a look at disturbance, assessing modifications of 
the original mangrove environment that currently prevent natural secondary succes-
sion.

Section 5.4 contains biological and productivity assessments, which, although not 
essential to inform mangrove rehabilitation design, are used for creating a baseline 
for quantifying the success of a rehabilitation effort.  Especially useful are measure-
ments of invertebrate and fish populations helps create a baseline by which to moni-
tor ecosystem functioning.  Birds and mammals could be added, which also indicate 
ecosystem functioning, but are not discussed explicitly in this manual.  A partici-
patory biodiversity survey is also discussed here – as a way for local communities 
to increase their appreciation of the richness of their mangrove resource. Tracking 
changes in productivity, biomass and carbon sequestration and storage are helpful to 
managers, to demonstrate the economic value of the system.  

Section 5.1: 	 Hydrology Assessments (Sedimentation/Erosion Patterns, 		
		  Substrate Elevation, Tidal  Inundations and Frequency, Tidal 		
		  Creeks and Channels)
Section 5.2:      	Ecology Assessments (Autecology, Community Associations, 		
		  Edaphic Conditions)
Section 5.3: 	 Disturbance Analysis	  
Section 5.4: 	 Biological Surveys (biodiversity, benthic macro-invertebrates, 		
		  nekton survey).

Many of the activities relate to one another, building knowledge step by step; how-
ever, the activities are also designed to stand alone.  

Each activity is written in curriculum style – in order to be useful in a training 
setting, such as an EMR training or field school.  Use the descriptions in the back-
ground section to decide which activities to perform, keeping in mind what you 
hope to accomplish, the skills and needs of the group, how you are going to use the 
information and available resources such as time, money and equipment.  Again, 
each activity is labeled as recommended or optional.  This status was determined by 
significance to designing and EMR plan, as well as cost and difficulty.

Many of the activities include data sheets, which are found at the end of the Chap-
ter.  These sheets provide an easy, organized manner of collecting data, and are meant 
to be copied and used  in the field.  

Finally, the findings from the various assessments can be rated on a scale of 1 – 3, and 
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entered into a table of resilience indicators at the end of Chapter 6.  To rate an in-
dicator, the condition of the indicator in the rehabilitation site can be roughly com-
pared to the condition of the same indicator in a nearby reference forest.  In this way, 
a practitioner or manager can quickly estimate the progress of the rehabilitation, in 
order to make changes known as mid-course corrections. 

As an example, a tidal creek in a rehabilitation area which is experiencing blockage, 
or filling up with sediment a year or two after hydrological rehabilitation might be 
rated a “1” when compared to a normal functioning tidal creek from a reference for-
est.  A manager will understand that the tidal creek might requiring re-excavating as 
part of mid-course corrections.  

As another example, assessments may reveal that after 3 years, all naturally existing 
mangrove species have colonized an area.  This metric would be given a value of “3” 
and no new work would be required to reintroduce a certain species of mangrove 
into that area.

Section 5.1	 Hydrology Assessments 
(Mapping historical and current channels (in rehab site and reference forest),  dike 
walls/breaches and instance of sedimentation, MSL, placement of tidal datums,  
sedimentation/erosion Patterns)

Overview of Tidal Flows
Towards the beginning of Mazda et al. (2007) describing their exhaustive study of 
hydraulics in mangroves in their Part I “Outline of the Physical Processes Within 
Mangrove Systems,”  the authors state;

	 “Among the various types of water movement within mangrove areas, 		
	 tidally driven currents are crucially important.”

Mazda et al. (2007) go on to describe in excellent detail, how mangroves are filled 
and drained with tidal waters differentially (due to friction during the draining pro-
cess (ebb tide) with roots, trees, etc. It is an excellent and important read to anyone 
who wishes to delve deeply into the physical mechanics of mangrove forests. What 
we provide below are practitioners’ observations of tidal flows that can help a practi-
tioner survey a mangrove area in order to design a rehabilitation project.

Healthy mangrove systems owe their functioning to a network of tidal creeks, that 
flood and drain the mangrove floor regularly. They are an essential natural feature, in 
particular for ingress and egress of mobile fauna, particularly fish and larger inverte-
brates (crabs, shrimp). The extent of regular in and out flows of tidal waters, as well 
as fresh water entering the system from inland (rivers, rainfall and groundwater) and 
flowing out to sea, is measured as the tidal prism. The tidal prism as it flows through 
a defined channel indicates the amount of scouring that will take place to keep tidal 
creeks open, free of debris and siltation based upon the velocity of the water flows.

When the tidal prism is small, the creek may close due to silting and eventual over- 
growth by mangroves. This further reduces the tidal prism and thus tidal exchange, 
and eventually leads to the large die-off of mangroves from either hypersalinity, or 
excessive flooding by heavy rains or spring or storm tides that cannot drain from the 
system.

Blockage of tidal creeks through lack of bridges or culvers, inadequate design of 
culverts or closure of culverts due to fouling are one of the most common causes 
of mangrove die-offs worldwide.  One indicator that a tidal creek is experiencing 
blockage is build up of sediment in part of the channel. This sediment may be de-
posited during flood tides, or dur- ing ebbing tides, which will be indicated by the 
direction in which the sediment is oriented.
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Which comes first - the mangrove or the creek? Look at a tidal delta mudflat. First 
the creeks, then further deposition, then mangroves colonize, but only on higher 
ground, which limits tidal cover and flows and channelizes the creeks further until 
a functioning network of tidal creeks is formed.  These changes can be tracked over 
time during a mangrove rehabilitation program.

Some researchers have noted that tidal creeks in New World mangroves tend to 
form sinuous, braided networks, while mangroves in the Old World exhibit den-
dritic creek systems;  larger channels with smaller branches near to perpendicular to 
the larger channel, and again smaller perpendicular channels.  (Lovelock, Personal 
Communication)  

Fig 5.1  Perpindular tidal creek morphology in Old World Mangroves (left) vs. Sinu-
ous tidal creeks of New World Mangroves (right).

This general morphology of tidal creeks should be kept in mind during a rehabilita-
tion project.
 
Two activities will be presented related to tidal creeks which will be useful to a man-
grove rehabilitation practitioner; 

1.	 Delineating the extent and general morphology or shape of a tidal creek net-
work in a reference forest, 

2.	 Measuring physical characteristics of tidal channels (at rehab site and in refer-
ence forest) such as cross-sections, flow/ and total discharge.  These measure-
ments are useful for re-creation of tidal channels at the rehabilitation site.

5.1.1	M apping Extent of Tidal Channels (recommended)
Objectives
•	 To calculate the extent of a tidal creek network in the study site (historical and 

present day) and in a reference forest (present day).
•	 To gain an idea of the morphology of the tidal creek network.

Materials – Mapping Historical Flows
•	 Large current aerial photograph of potential rehabilitation site, and a local un-

disturbed reference site, both laminated and un-laminated. 
•	 White board marker.
•	 Pens
•	 Notebook
•	 Bamboo stakes – for estimating tidal path in the field
•	 Tea & Snacks for community

Time  1 day and 1 evening

Background Information
This activity will look at the extent of a tidal creek network at both the rehabilitation 
site and a nearby reference forest. As the rehabilitation may have undergone signifi- 
cant alteration, it may be necessary to refer extensively to historical remote sensing 
images and maps, and also undertake community interviews with community elders. 
Tidal creeks usually widen as they approach the coast, and may or may not have con- 
nections to terrestrial sources of fresh water. The main tidal creek (or river) generally 
runs perpendicular to the coast, with branches running perpendicular to the main 
creek. Tertiary creeks may again run perpendicular to the secondary creeks, forming 
a dendritic network, which floods and drains the mangrove flats. Mazda et al. (2007) 
discuss the hydraulics of this system in great detail.

A mangrove rehabilitation practitioner may end up creating or restoring a natural 
looking tidal creek system in the rehabilitation site as part of hydrological repair, 
thus it is essential to determine where historical tidal creeks used to flow, and also 
the general extent of and shape of a tidal creek system from a nearby functioning 
reference forest.

Procedure – Mapping Historical Flows
1.	 If possible obtain a historical, high resolution map that outlines historical veg-

etation cover and tidal creeks and evaluate where historical water channels pre-
viously existed at the proposed rehabilitation site. Mark as best as possible on 
the laminated map with white board marker. If it is not possible to obtain a 
historical/ high resolution map, continue with the below methods.
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2.	 Organize a meeting time in the evening which is best for elders to meet.
3.	 Identify elders of the village with the community organizers and head of village 

government. Invite them to a meeting that evening, along with elders already 
invited during the ownership and use status interviews. Provide tea, coffee and 
cakes. 

4.	 Begin by identifying major features on an aerial photograph that elders will 
identify with (eg., the village location, the place where the meeting is held, a 
big tree that might be known to everyone, ownership of ponds etc., and include 
any features that might have been identified in interviews of activity 1). It is a 
good idea to start from the place building where the meeting is held and work 
your way out from here to the perimeter of the rehabilitation area. Make sure 
all participants understand the positioning of the photograph before proceeding 
further.

5.	 Gain accounts of what this area looked like before disturbance. E.g. Did man-
groves grow further out towards the ocean before the disturbance? Was the 
shape of the area different before disturbance? If so, how?

6.	 Ask participants to remember where old tidal creeks used to flow prior to dis-
turbance.

7.	 Record on the map with white board pen. Does everyone agree?
8.	 Refer back to the historical photograph if available. 
9.	 Invite a group of community elders to go into the rehabilitation area the follow-

ing morning.
10.	 Agree on a time for departure. 
11.	 In the field point out landmarks and positioning on maps discussed the evening 

before. Go to areas of historical tidal creeks identified the previous evening. 
Mark any changes. 

12.	 Record the historical tidal creeks on a  the perimeter, ownership and use status 
map created in activity 1 using the below symbol:

Materials – Mapping Present Day Flows
•	 Large current aerial photograph of potential rehabilitation site, laminated.
•	 Markers.
•	 GPS

Time: one or two tides from high to low per forest

Procedure – Mapping Present-day Flows
1.	 A major water flow is classified as any flow of water that is relatively large and 

its channel is self maintaining i.e. the flow of water on the flowing and ebbing of 
the tide does not allow for sedimentation to infill the channel. 

2.	 In an ex-aquaculture area, watch the ebbing tide to gain the best view of major 
water flows. Mark each point the channel passes through a dike wall breach and 
estimate its course between each breach. Be sure to record major water flows 
directly outside of the perimeter also. 

3.	 Record on map with the key below:
4.	 While watching the tide ebb to record major waterways/channels, qualitatively 

note the relative water runoff and drainage of the area using the following cat-
egories:

5.	 Run off of tidal water:  High, low, negligible (evidence of standing water).
6.	 Soil drainage: good (fast), poor (slow), water-logging prolonged feature
7.	 If the site has a combination of each category, note the most prominent category. 

Analysis
1.	 Mark a piece of string using the scale on the map (250m, 500m, 1000m)
2.	 Using the string, calculate the total linear meters of the mapped tidal creek net-

work in the reference forest and the historical flows.
3.	 Divide this total by 1000 to get linear kilometers.
4.	 Calculate the total area of the forest in hectares.
5.	 Divide the linear km by the total number of hectares of the site to arrive at linear 

km per hectare
6.	 Calculate the current network of tidal creeks at the rehabilitation site and deter-

mine linear km per hectare
7.	 Compare linear km per hectare of tidal creeks in the reference forest, historical 

forest and current mangrove rehabilitation area.

Discussion Questions
•	 What were the difficulties encountered in determining historical flows?
•	 Were there any difficulties encountered in determining current tidal creek extent 

in the rehabilitation site?  In the reference forest?
•	 How do the linear km compare between the sites?  Explain.
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•	 What were other interesting features or observations of the tidal creek system, 
in terms of morphology?  Flood and ebb?  

•	 What further studies, observations, do you think are required of tidal creek sys-
tems to help inform your rehabilitation plans?

5.1.2 Channel Cross Section, Flow and Total Discharge – Reference For-
est and Rehab Area (Optional)
Objectives
•	 Measure the physical characteristics of tidal creeks/channels
•	 Understand the relevance and impact of physical characteristics.

Materials 
Pencils, tape measure, string, several oranges (or similar floating objects), thermom-
eter, stop watch. 

Time  2 hours

Background Information
Water flow in tidal creeks fringed by mangroves (i.e., R-type systems) is very differ-
ent from that in rivers without mangroves (Mazda et al., 2007).  The flow in a tidal 
creek in a mangrove system can be very high, facilitating the inundation of the man-
grove forest floor during flood tide, and the drainage of the mangrove forest during 
ebb tide, which may be much delayed due to the presence of mangrove vegetation 
causing friction.   

There are various ways to calculate this exchange in water, including flow rate, total 
discharge and calculation of the tidal prism. More important than measurements, 
are understanding the concept of how a healthy tidal creek system facilitates the 
long-term functioning of a mangrove forest, by allowing for healthy flooding and 
drainage, which has effects on the substrate (size of particles, texture, aeration), as 
well as floral and faunal communities.

Tidal creek flow is also, of course, influenced by water emanating from the mainland, 
in the form of freshwater from rivers and groundwater.   The dynamics of tidal creeks 
are numerous and can be studied at depth.  For the purposes of a mangrove reha-
bilitation practitioner, it is important to understand the physical nature of individual 
tidal channels, and the tidal creek system as a whole, when it comes time to repair 
dysfunctional hydrology (improper flooding and draining).  Re-establishment and 
maintenance of an adequate tidal prism is a general goal of hydrological rehabilita-
tion, to ensure long-term growth and functioning of the mangrove ecosystem.

Procedures
Divide into groups.  As there are many tasks in this section, tasks can be divided 
amongst the groups, with a sharing session at the end.  Measurements should be 
taken during rising and ebbing tides.  Times and dates should be noted, and cor-
related to tide predictions.

1.	 Record on the data sheet the location of your observation site.  Use maps cre-
ated in previous activities.

2.	 Channel type:  At your observation site is the channel straight, meandering, 
braided, human made, natural?  Check the appropriate box on the data sheet.

3.	 Weather:  Record the weather over the last 24 hour period.  Clear, sunny, over-
cast, rain, showers, storm, etc.)  Recent rainfall can affect flow and amount of 
water in the tidal channel.

4.	 Last Precipitation: record date, amount (cm) and duration (hours)
5.	 Recent Weather:  Record recent weather that may have some effect on the water 

conditions, especially major storms.  Be sure to record the date of this weather 
condition.  Ask fishers and farmers, or consult news reports for aid.

6.	 Air Temperature:  Using a thermometer, measure the temperature of the air in 
degrees Centigrade.  

7.	 Water Temperature:
	 - Lower the thermometer 10 cm below the surface of the water
	 - Keep the thermometer in the water until a constant reading is obtained 		
	 (about 2 minutes)
	 - Record your measurement in degrees Centigrade.
	 - Take 5 measurements and average them on the data sheet.
8.	 Average Channel Width:  Measure the stream’s width from bank to bank at 5 

locations along the observation site.  Record each measurement on the data 
sheet.  Compute the average (immediately or later).

	 Note: If tidal channel is too deep to cross (or there are crocodiles around), 	
	 you may estimate the channel width using the following width classes;
	 < 2m, 2-5m, 5.1-10m, >10m

Some helpful definitions;
•	 Rain < .75 cm over 24 hours
•	 Showers 0.76 – 2.5 cm over 

24 hours
•	 Storm > 2.5 cm over 24 hours
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9.	 Average Channel Depth: (For shallow channels only)  Wade into the channel.  
Do not go deeper than waist deep.  Using a meter stick, measure the depth of 
the water in 5 locations and record your measurements on the data sheet.  You 
can average this measurement immediately or later.

10.	 Surface Velocity:  
a.	 Use a tape measure along the channel or streambank to mark a section at 

least 20m in length.
b.	 Position someone at the upstream (depending on direction of tidal flow) 

and someone at the downstream ends of the marked section.
c.	 Release an orange to travel with the direction of the flow along the main 

current.
d.	 Use a stop watch to time the passage of the orange from the beginning to 

the end of the marked length. 
e.	 The downstream person should yell when the orange floats by the end point 

to inform the time recorder.
f.	 Repeat this test 3-5 times and average the results.
g.	 Save, peal and eat the orange to maintain vitamin c levels.
h.	 Calculate the velocity in meters/second and record on the data sheet.

Velocity = Distance/Time

	 Note:  An orange works well because it floats more or less in the zone of 	
	 maximum velocity (just below the surface).  However, a similar object may 
	 be used.  

9.	 Bank-full Width:  Most tidal creek surveys are conducted during rising and fall-
ing tide, but not at peak high tide.  The width of the tidal creek will be reliant 
on your estimate of where the bank occurs.  Some judgment will be required to 
predict the bank-full stage – which is the point where the tidal creek spills over 
into the general floodplain of the mangrove forest floor.

10.	 Channel Cross Section:  Is your channel rectangular, U-shaped, V-shaped, or 
other? Please check the box on the data sheet which matches the shape of the 
tidal creek channel.  If you are unable to see the shape of the bottom and banks, 
please estimate with your best guess. You can base your estimate on the flow of 
water.  The slower the water in the middle of the stream, the flatter the bottom.

11.	 Channel Bottom:  What is the predominant inorganic and organic substrate of 
your tidal creek? Check the appropriate boxes on the data sheet. (see Fig 5.2)

12.	 Channel Alteration:  At your site, or nearby, have there been any major channel 
amendments, such as dredging, straightening, hard-scaping?  Are there dams or 
weirs present?  Check the appropriate boxes on the data sheets.

Discussion Questions
•	 Channel bottoms, cross-sections, and surface water velocity are interrelated.  

How are these observations and measurements related at your sampling site?
•	 Could you predict, govern the shape of the channel cross-section and the water-

course bottom, what the water velocity might be like?
•	 Is there evidence of human-causes change in the channel or water-course bot-

tom?
•	 How do tidal channels at the reference site differ from channels at the rehabili-

tation site?  

Fig 5.2  Channel Bottom Types

Inorganic
Bedrock
Boulder		 (> 25cm diameter)
Cobble		 (6.5 - 25.5 cm diameter)
Gravel		  (2mm – 6.5 cm diameter)
Sand		  (0.005 – 0.20 cm diameter)
Silt		  (soft, fine sand)
Clay		  (fine sand with a sticky texture)
Dead Coral	 (whole or fragmented)

Organic
Muck-mud	 (black, very fine)
Pulpy Peat	 (unrecognizable plant parts)
Fibrous Peat	 (partially decomposed plant material)
Detritus	 (sticks, wood chips, coarse plant material)
Logs, Limbs	 (large woody debris)
Seagrass	 (live beds)
Live Coral	 (attached)
Sponges	 (attached)
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SPECIAL TOPIC:  DETERMINING THE TIDAL PRISM

The tidal prism is defined as the amount of water necessary to fill up the basin 
between ebb tidal water level and flood tidal water level and is calculated by 
multiplying the tidal range times the basin area and subtracting the volume of 
sandy shoals. 

This is related to the tidal volume, which is defined as the amount of water flow-
ing through the inlet during ebb and flood and can be calculated by multiplying 
the measured velocities in the inlet with the cross-section area of the inlet. 

Theoretically the tidal prism should be half of the tidal volume. 

Degradation of the upper watershed changes the tidal prism.  A denuded catch-
ment or watershed, will have larger fluctuations of water contributed to the 
mangroves.  High and intense flows will be common in the rainy season, as 
runoff is increased due to lack of absorption of rainwater into the ground water.  
These high flows will deliver large loads of sediment to the mangroves, due to 
increased erosion.

Lack of absorption of rainwater into the ground causes low flows during the dry 
season, as aquifer recharge is lower.  This means that aquifers have less water to 
contribute downstream over time.  These long periods of low flow, and hence 
reduced tidal prism, can be problematic for mangroves, as sediments delivered 
in the rainy season are can clog up tidal creeks,.

Clogged tidal creeks cause stress in mangroves, due to lack of water exchange.  
They can cause mortality as well, especially during times of flooding, as drainage 
of water out of the mangrove forest is hampered, and mangroves can "drown" 
due to prolonged inundation in anoxic conditions.

Fig 5.3 Catchment Health and Tidal Prisms.  The tidal prism above, under 
conditions of a healthy upper watershed, is high and consistent, due to 
absorption of water into the aquifer, and slow release throughout the 
year.  Below, a degraded upper watershed will have highly fluctuating 
tidal prism, high volumes during rain events, and low volumes, leading to 
tidal creek siltation, during the dry season.
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5.1.3 	M apping dike walls/breaches and instance of sedimentation 
(recommended when working in disused aquaculture ponds)
Objectives
•	 To determine the relative condition of all dike walls in the area to be rehabilitated.
•	 Establish where current breaches in dike walls are located
•	 Establish if any sedimentation is occurring in current breaches and water ways

Materials 
•	 Current aerial photograph with current marked breaches and waterways.
•	 Pen
•	 GPS	
•	 Laminated aerial photograph
•	 Categorisation key (this can be different than the map key to be used, eg. use 

different colours in the field, or have abbreviations)
•	 Markers (different colours)

Time  One day for field work (up to 25 ha) and half day for data entry on map

Background Information
The development of dike walls and artificial drainage channels in an aquaculture 
complex severely disturbs the natural flood and ebb of tidal waters through an inter-
tidal area.  Understanding the current status of dike walls, including their breaches, 
and the flow of tidal waters through drainage channels is essential for planning 
hydrological restoration.

In the case where a restoration of a former aquaculture area will include levelling 
of dike walls, filling of channels, and regrading of the substrate, the pre-restoration 
condition of dike walls and tidal channels is not critical, although it is good to depict 
on a map in order to track change over time.

In the case where a restoration of a former aquaculture area will largely rely on the 
cost-effective practice of strategic dike walls breaching, filling of artificial channels 
and creation of "natural" meandering channels, mapping the pre-restoration condi-
tion of dike walls, breaches and tidal channels is essential.

Several case studies from chapter 8 (Implementation) and chapter 10 (EMR case 
studies) will highlight the strategic breaching approach to mangrove rehabilitation 
in greater detail.

Procedures
The relative condition of all dike walls within and on the perimeter of area to be 
rehabilitated must be marked using the following categories and keys:

Note: Any wall that is slightly raised is still considered a dike wall as it acts as an 
interference to flows.

1.	 Locate all walls to be categorized on the aerial photograph.
2.	 In the field, allocate each wall within and surrounding rehabilitation areas a 

category and associated number.
3.	 Mark dike walls on map with the following key.  

4.	 Record all major breaches in the perimeter and internal dike walls on the lami-
nated photograph using the following classifications:
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5.	 Evidence of sedimentation adjacent to major breaches (micro-delta formation) 
or in tidal channels must be recorded. There are two types of micro-delta forma-
tions:

a.	 Ebb tide micro-deltas form on the seaward side of a breach.
b.	 Flood tide micro delta form on the landward side of a breach.

Use the following symbol to indicate sedimentation adjacent to major breaches 
or in tidal channels.

Discussion Questions
•	 After mapping dike walls, what are your concerns about the condition of 

dike walls at the restoration site?
•	 Do tidal channels at the site appear to be natural or very unnatural?  How 

can you tell?
•	 Do some tidal channels seem to have heavier flows than others?  How does 

this influence flooding and drainage at the site?

5.1.4 	L ocally Determining Mean Sea Level (MSL)  - recommended

Objective
•	 To calculate a relative MSL height in rehabilitation area, when real measures or 

tidal gauges are not available. 

Materials 
•	 Current tide chart for closest area to rehabilitation site
•	 Measuring stick
•	 Data sheet
•	 Pencil
•	 GPS

Time  14 days – one complete cycle from full to new moon.

Background Information
Determining current Mean Sea Level helps to set boundaries on the rehabilitation 
project. Mean Sea Level seems to be the lowest substrate elevation where man- 
groves will grow, and the total zone of optimum planting for mangroves or natural 
colonization will range from MSL to above Mean High Water (MHW). Many 
planting projects fail, because they attempt to plant mangroves below mean sea 
level, under the false assumption that mangroves can grow anywhere in the inter-
tidal zone. Low tides, which expose sub-MSL mudflats, seem attractive to mangrove 
planting projects, because there are seldom land-use conflicts this far out along the 
coast. However, these plantings will nearly always fail, except during the occurrence 
where sedimentation brings sub-MSL mudflats up to the level of MSL or higher. 
Rapid sedimentation, then, becomes a separate issues to measure and analyze (see 
activity 5.1.5).

Procedure
1.	 Locate a stable place for measurement close to housing, and on the seaward edge 

of a mangrove area.
2.	 Place a stick where measurements will take place. GPS this point and record on 

data sheet. 
3.	 Measurements begin on the first high or low tide on the full or new moon.
4.	 Every high and low tide for the following 14 days must be measured.
5.	 In areas where tides are semi-diurnal, 2 highs and 2 lows per day must be re-

corded. 
6.	 Record all measurements on data sheet

i

i

Fig. 5.4
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Substrate heights, however, are not constant over time.  Some areas experience sedi-
mentation, while other areas erode.  Rates of sedimentation and erosion will vary as 
well.  An area which supports mangroves today, yet is experiencing a high degree of 
sedimentation, will not support mangroves in the future (see Fig. 5.6).  Rather this 
system will turn into some type of terrestrial system, such as a beach forest, salt-
marsh, freshwater wetland or terrestrial forest.  Likewise, where rates of erosion are 
high, (Fig. 5.6) even adult mangroves fall into the sea, and there is no chance of es-
tablishing young mangroves of the same species, without remediating the effects of 
erosion, which may require an engineering intervention, or may not be possible at all. 

What about the effects of future sea level rise?  Even where sedimentation is occur-
ring, it may not be able to keep up with the pace of sea-level rise.

There are numerous methods for calculating rates of sedimentation and erosion 
which require long study and/or expensive equipment, is thus.  What is provided 
below are qualitative methods for observing patterns of erosion and sedimentation, 
which should help guide rehabilitation and other management options.

7.	 After all data has been collected, add all high tides together, and all low tides 
together and divide by number of tides recorded. 

8.	 If tides are semi-diurnal, add all of the highest tides together, all of the lower 
high tides together, Average each. 

9.	 Record relative MSL

Discussion Questions
•	 Were you able to calculate Mean Sea Level?
•	 How might you demarcate mean sea level in the field?
•	 Do you have any observations regarding the distribution of mangroves and 

mean sea level at your site?
•	 Do you have any observations regarding the mangrove colonization and mean 

sea level at your site?

5.1.5	 Observing Patterns of Sedimentation & Erosion (optional)

Objectives
•	 Recognize evidence of bank erosion coastally and along tidal channels/rivers.
•	 Recognize evidence of sedimentation/accretion coastally, in micro-deltas and 

along rivers.

Materials
•	 Time-series remote sensing imagery (10 to 30+ years)
•	 Pencils 
•	 Activity 2.3 data sheets

Time – half day for 25 hectares

Background Information
The critical factors of the duration and frequency of tidal inundation, which are the 
main drivers of successful mangrove recruitment and growth, are closely linked to 
surface elevation.  From the simple tidal profile in Fig. 5.5, we can see that the high-
er up the intertidal zone we go, the less frequent tidal inundation occurs throughout 
the year.  This dictates species distribution and the overall range of mangroves in any 
given area.

Fig. 5.5  Duration of tidal inundation and frequency - assuming two daily high 
tides over the course of an entire year. (Lewis, 2005) 
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Fig. 5.6  The area of surface water in Segara Anakan Lagoon, Central Java reduced 
from nearly 3000 ha to 400 ha over a 25 year period due to upland erosion, reduc-
ing mangrove habitat as well (opposite page).  Mature coastal mangroves in Mimi-
ka, Papua (above) and Bengkalis, Riau (below) have succumb to severe abrasion, 
part of the dynamic nature of coastal geomorphological processes.
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Procedures
Take measurements both on rivers/major tidal channels, as well as along the coastal.  
Combine both sides of the river for riparian measurements, Record observations on 
Activity 5.15 data sheet in Appendix B.

Estimating extent of erosion (qualitative)
1.	 Bare Soil/Substrate: estimate the percentage of the area along river banks and the 

cost, which is bare soil, not bound by plants and their root structures or covered 
in concrete or rocks.  These bare areas could be due to people access, roads or 
crossings, boat traffic, clearing, erosion from strong, changing currents…Record 
your estimate on the data sheet.

2.	 Bank Slope: note the steepness of the bank slope.  Is it steep, moderate or slight?  
Check the appropriate box on the data sheet.

3.	 Bank Stability:  estimate the amount of erosion that is present on the banks.  
Rate the bank erosion using the qualitative rating system in the conclusions/
indicators section below.  Record the rating you have selected on the data sheet.

4.	 Slumping or Bank Movement: rate the slumping and movement of the bank us-
ing the quantitative rating system in the conclusions/indicators section below.  
In some areas the removal of vegetation leads to slumping and movement of the 
banks.  Record you selection on the data sheet.

5.	 Observe and record evidence of adult mangrove or other trees fallen due to ero-
sion.

6.	 Observe and record presence or absence of mangrove seedlings underneath 
adult mangrove trees.

Estimating extent of sedimentation (qualitative)
1.	 Normative Sedimentation: estimate the percentage of the area along river banks 

and the cost, which is bare soil, not bound by plants and their root structures 
or covered in concrete or rocks.  These bare areas could be due to people ac-
cess, roads or crossings, boat traffic, clearing, erosion from strong, changing cur-
rents…Record your estimate on the data sheet.

2.	 Colonization: by Mangrove seedlings and/or halophytic grass.	
3.	 Colonization: initially by mangrove vegetation quickly turning to terrestrial or 

beach vegetation.,  - indicates Rapid Sedimentation.

      For a quantitative measurement of sedimentation - refer to Fig 5.7 on RSET's.

Discussion Questions
•	 Are there areas of sloughing or obvious erosion along the river and or coast?  

What are the causes of erosion?
•	 Is there evidence of sedimentation?  Is it gradual or rapid?
•	 What are management or rehabilitation options in areas undergoing gradual 

erosion?
•	 What are management or rehabilitation options in areas undergoing extreme 

erosion?
•	 What are management or rehabilitation options in areas undergoing gradual 

sedimentation?
•	 What are management or rehabilitation options in areas undergoing rapid sedi-

mentation?

Fig. 5.7  Rod Surface-Elevation Table–Marker Horizons (RSET-MH) 
The use of Rod Surface-Elevation Table–Marker Horizons (RSET-MH) are gaining 
popularity due to concerns about patterns of coastal erosion and sedimenta-
tion in the background of sea-level rise.  This low-cost, simple, highly precise 
method can be paired with spatial data sets and used to create models useful 
for spatial planning and mangrove restoration design.  Use of RSET's for moni-
toring of substrate elevations, in a coordinated manner between nations, is 
important to inform climate change policy at local, national and regional scales.  

Driving an RSET rod through a mangrove soil profile (left).  Measuring salt-
marsh surface elevation with an RSET (right).
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Section 5.2 	E cological Assessments 
(Autecology, Community Associations, Edaphic Conditions)

Overview
This section starts with a rapid vegetation survey, to quickly understand what the 
remnant mangrove community looks like.  The rapid survey can also be undertaken 
in a reference forest.  At the end of this survey – you will have an idea of natural 
sources of propagules available for restoration, and their proximity to the restoration 
site.  If close – natural revegetation is highly likely.  If propagules are limited, reha-
bilitation may require human assisted propgule distribution.  This means harvesting 
ripe mangrove fruits and seeds, and releasing them periodically in the rehabilitation 
area.

After rapid vegetation survey, a more thorough survey needs to take place.  Detailed 
surveys can take place both in a restoration site as well as a reference forest.  The first 
step in a restoration site is to roughly divide the site into mangrove zones (seaward, 
mesozone and landward).  Next, survey plots are established which may involve a 
mixture of permanent or temporary transects and quadrats.

Finally you will be ready to undertake vegetation surveys, gathering information on 
autecology (individual species ecology) and community associations (associations of 
different mangrove species commonly found growing together).

This section closes with optional edpahic studies, which investigates the qualities 
of the substrate which are important to facilitate mangrove establishment and early 
growth.

5.2.1	R apid Vegetation Survey  (optional) 
Objective:
•	 To classify rehabilitation area and/or reference forest by mangrove species and 

maturity class with rapid survey methods. 

Output
•	 Completed map of rehabilitation area with rapid survey mangroves species 

and maturity classes.

Materials:
•	 Current aerial photograph of rehabilitation site
•	 Map of rehabilitation area
•	 Markers

Time:  3 hours or more depending on size of rehabilitation site. 

Procedure 
1.	 Analyze a current remote sensing image of the rehabilitation site. Determine 

which areas of the rehabilitation site have abundant vegetation, a moderate 
amount of vegetation, or little to no vegetation. Mark these zones on the map, 
for easy reference in the field.

2.	 Walk each zone in the field, rapidly classifying  them for species and relative 
maturity, and estimates of percent dominance.
•	 Species:  use a different color to represent each species
•	 Relative maturity: represented by tinted shades of each species color

οο 25% - seedlings
οο 50% - saplings
οο 75% - young trees
οο 100% – old trees

•	 Estimate percent dominance using a rough percentage (25%, 50%, 75%, 
100%)
Areas with no vegetation are left blank. 

3.	 Record data on a baseline map (see Fig 5.9)

Fig. 5.8  Examples of Mangrove
Community Associations
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Discussion Questions
•	 What are the dominant adult trees in or adjacent to the rehab area?
•	 Do you consider the area to still maintain a high level of mangrove biodiversity?
•	 Are pioneer mangrove species (Avicennia spp., Sonneratia spp., etc.) present?
•	 Is there evidence of natural regeneration in the rehabilitation site?  Adjacent to 

the site?
•	 Would you consider the rehabilitation site to be propagule limited? (sensu Lewis 

2005)

5.2.2	D elineation of Mangrove Zones (optional)
Objective
To create stratifications within the rehabilitation area that are an arbitrary represen-
tation of mangrove zones. These stratification will be used for the random placement 
of 3 sampling plots in each zone. 

Background Information
Mangroves traditionally occur between Mean Sea Level and Highest Gravi-
tational Tide.  Mangroves may be split into three zones based on relative posi-
tion in the intertidal system (see Fig. 5.10). This activity involves demarcating 
stratified zones (seaward, mesozone and landward), before determining place-
ment of random plots, in order to ensure that all potential mangrove zones 
are represented before detailed vegetation surveys.  . If tidal inundation lev-
els are known, use these as the guide for stratifying the rehabilitation area 
into 3 zones. If inundation levels are not known, use the following method.

Fig. 5.9  Map from rapid vegetation survey.

Fig. 5.10  Typical cross-section divided into 
lower, meso and upper mangrove zones.

Materials 
•	 Map created in activity 5.2.1, current remote sensing images of rehab site and 

surrounding area, pen, ruler
Time  1 hour
Procedure
1.	 Analyse the remote sensing image and map from activity 5.2.1. On the map, 

indicate a trio of zones.
	 Zone 1:  Seaward zone
	 Zone 2:  Mesozone
	 Zone 3:  Landward zone
2.	 Demarcate zone 3, the landward zone creating a contour line.  Measure the wid-

est point from the terrestrial edge to the edge of zone three.  Record.
3.	 Continue to demarcate the mesozone and seaward zone, also creating contour 

lines.  The lines should run relatively parallel to the coast, but take care around 
tidal creeks, which will alter the shape of the contour.  

4.	 Try and give names to these zones based on dominant species or community 
associations.

Discussion Questions
•	 Are all three mangrove zones represented at your site?
•	 What are the major, noticeable distinctions between zones in terms of vegetation?
•	 What are the major, noticeable distinctions between zones in terms of substrate 

type?
•	 How do tidal creeks influence your mangrove zonation?
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6.	 In the field, locate the start point GPS coordinate in the field. If this point is 
located on a dike wall, move just in front of the wall.

7.	 Install one permanent transect marker at the GPS point by digging a hole large 
enough to fit the base of the pre-made marker so it is flush with the soil surface. 
Infill around the base, compact soil until marker is sturdy.

8.	 Attach transect line. 
9.	 Walk in the compass direction already identified.
10.	 Using a 20m measuring tape, place bamboo stakes every 20 meters stretching a 

rope between them, until the end point GPS coordinate has been reached.  
11.	 Number each of the stakes (A1, A2, A3....) and mark with GPS.
12.	 Install the remaining permanent transect marker at  the GPS endpoint and at-

tach the transect line. 
13.	 Repeat for the total number of transect lines required.

Discussion Questions
•	 Do your transect lines run through all representative mangrove zones (seaward, 

meso, windward)?
•	 How do you know if you have enough transect lines?  Too many?
•	 How can modern technologies help you in laying out appropriate transect lines?

5.2.3	E stablishing Permanent Transects  (recommended) 
Objective:
•	 Establishment of permanent transect lines that run through all representative 

zones of the rehabilitation area (seaward, mesozone, landward)

Output
•	 GPS coordinates for start and end point transect line and the compass direc-

tion of transect from start point. 

Materials
•	 Map of perimeter, ownership and status created in activity 1. 
•	 Ruler
•	 Marker
•	 Notebook
•	 2 pre-made permanent transect markers.
•	 Bamboo stakes every 20 m of permanent line – number required depends on 

length of
•	 Transect line
•	 Spade 
•	 Crowbar
•	 Nylon string (the length of transect)
•	 Compass
•	 Long measuring tape (the one you can wind up)
•	 GPS

Time 2 hours

Procedure
1.	 On the map from activity 5.2.2 identify a single path for a transect line which 

extends through all three mangrove zones, running from the coastline, land-
ward.

2.	 Determine the GPS points of both the start and end points of the transect. 
Record.

3.	 Determine compass direction of transect line from the start point. Record. 
4.	 Determine length of transect. Record. 
5.	 The permanent transect will be used for both measuring substrate elevations 

(Activity 5.2.4) and vegetation (Activity 5.2.5)

Fig. 5.11  Running a transect line through a recently logged area in South Sulawesi



96

5   EMR Manual Chapter 5 - Introduction

97

Procedure
1.	 Determine the time of the peak high tide for the day of the activity. It is a good 

to choose a day near the full or new moon, to ensure a very high tide.
2.	 The day before the activity, during high tide, check all measuring stations to see 

if they are inundated by the tide.  Mark those stations not reached by the high 
tide.

3.	 Organise your team, give each a ruler or equivalent measuring tool and a data 
sheet with required measuring time marked on the top. 

4.	 Allocate measuring stations to be reached by high tide to team members, ensure 
everyone knows where to go in the field and which stations they are responsible 
for. Circle each station the team member is responsible for on data sheets. 

5.	 Ensure watches/cell-phones are synchronised and all recorders are sure of the 
time of highest high tide before leaving for the field.

6.	 Ensure there is enough time for each team to get to the most remote measuring 
stations. 

7.	 At the appointed time, each member of the team will place their measuring 
device on the surface of the substrate and measure how many centimetres up the 
stake the water reaches.

8.	 Substrate elevation is then calculated by subtracting the distance between the 
water surface and the substrate, from the known elevation of the water surface 
(read from the tide chart).

Substrate elevation at station 3 	 = 	 130 cm - 90 cm
				    =	 40 cm above 0 (lowest gravitational tide)
Substrate elevation at station 4 	 =	 130 m - 55 cm
				    =	 75 cm above 0

5.2.4	 Substrate Elevation Survey  (recommended) 
Background Information
Mangrove establishment, growth and zonation are inextricably linked to substrate 
elevation.  Mangroves normally grow between Mean Sea Level and Highest Gravi-
tational tide, with pioneers colonizing lowest elevations, and the greatest variety of 
biodiversity at higher elevations near the mangrove – hinterland interface.

Substrate elevation directly affects the duration and frequency of tidal inundation, 
which may be the most important factor in determining mangrove distribution.  
This survey is carried out in the rehabilitation site and a reference forest, and is 
linked directly to the following activity, creating a vegetation profile.

These activities are required.  They are excellent activities to run in a group setting, 
to illuminate to stakeholders where mangroves should be expected to grow and why.  
Creating large murals depicting substrate elevation and vegetation profiles is a com-
mon practice over the first two days of an EMR training.

Objective:
•	 Obtain height of substrate every 20 meters along the permanent transect as 

well as start and end points.

Output
•	 A completed cross section profile of combined substrate height and associate 

vegetation data.

Materials
•	 Bamboo stakes (pre-placed during permanent transect placement)	
•	 Meter rulers or equivalent 
•	 Data sheets
•	 Tide Chart (adjusted to local MSL calculated in activity 5.1.4)
•	 Timers
•	 People ( 1 person per every 3 stakes minimum)
•	 30 m clear plastic hose
•	 Water

Time  One hour (during high tide)

Note:  this is a low-cost, but labor intensive activity.  Substrate elevation is more 
easily measured with a theodolite or total station the use of which requires trained 
operators.

55 cm90 cm

Example:  16/6/14 at 10:30 High Tide = 130 cm

measuring stick

High Tide

Substrate Profile

   Station 3				             Station 4

Fig. 5.12
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9.	 If the water level of the high tide does not finish at a measuring station, place an 
additional bamboo stake where the water and the substrate meet (the high tide 
mark). The substrate elevation at this point will be the exact height of the tide 
above 0. (see Fig 5.13)

10.	 For remaining measuring stations that high tide did not reach, use a water level 
to determine the height and record on data sheets. (see Fig 5.13)

11.	 To calculate the substrate elevation at station 9:
•	 We know the high tide level is 130 cm (from the tide chart). Therefore we 

know the substrate height where the water surface intersects with the sub-
strate is also 130 cm above 0.

•	 The water in the water level is positioned at 100 cm above this point. There-
fore the point at which the water is held is 230 cm above 0.

•	 The water at station 9 is level with the water at 230 cm above 0. It reads 60 
cm on the measuring stick. It is therefore 60 cm above substrate. 

•	 Therefore the substrate elevation is 230 cm - 60cm = 170 cm above 0.
12.	 To calculate the substrate elevation for station 10, take the substrate elevation of 

station 9 (170 cm) and subtract the water level height measurement at station 
10 (50 cm). The substrate elevation at station 10 is therefore 170 cm - 50 cm = 
120 cm above 0.

13.	 Once all data sheets have been received, compile data onto one sheet. DO NOT 
throw away any data sheets. 

14.	 Make all required substrate elevation calculations and an rough sketch of the 
substrate profile in a grid at the bottom of the data sheet. 

Fig. 5.13Example:  16/6/14 at 10:30 High Tide = 130 cm

Water in hose at 100 
cm above substrate

Water in hose 
at 60 cm above 
substrate

Water in hose 
at 50 cm above 
substrate

High tide 
at 130 cm 
above 0

170 cm 
above 0

Point where substrate 
elevation and water 
surface at high tide 
are the same.

Stn 9			       Stn 10			          Stn 11

Discussion Questions
•	 What is the total range between lowest tide and highest tide?
•	 What tidal information do you still find confusing?
•	 Do you have any initial observations relating vegetation to substrate elevation?

Fig. 5.14  Using a water level to measure substrate elevations towards the 
landward edge of the mangrove which is rarely inundated by high tide.
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8.	 Record % coverage of halophytic grasses.  Do this by 
measuring the range (in centimeters) along the mea-
suring stick these plants occupy, and calculate the fol-
lowing equation to obtain percent cover:

 Species % cover = Sum of cm occupied/2 

9.	 Carry out steps 3. to 8 along the entire transect at 20 
m intervals.

10.	 Back at lab input data into spread sheet and calculate 
for each measuring station:
•	 Total # individuals for each species
•	 Total # individuals for each size class
•	 Average height of each size class

Discussion Questions
•	 What was difficult about this activity? Do you have recommendations to change 

the activity?
•	 What patterns do you notice which relate mangrove species to substrate eleva-

tion?
•	 How do you expect the pattern of distribution of mangrove species to look after 

the rehabilitation effort? Explain.

5.2.5	 Vegetation profile linked to substrate heights (recommended)
Background Information
This exercise builds from the previous activity, relating vegetation to substrate el-
evations.  This activity is carried out in the rehabilitation site (in the event that 
some natural regeneration or planted material is growing in the rehabilitation site) 
as well as the reference forest.  This information will be crucial in the design of the 
rehabilitation initiative, informing the practitioner in terms of what species can be 
expected to grow in the various intertidal zones of the rehabilitation site, and also 
clearly defining the current boundaries of the rehabilitation area (not yet taking into 
consideration patterns of short or long term sedimentation and erosion).

Objective:
•	 Record species, size class and height of all vegetation as well as percentage of 

halophytes (salt-water tolerant grasses) one meter left and right of a transect 
line.

Output
•	 Cross-section profile relating substrate elevation to vegetation type.

Materials
•	 2m PVC pipe (2" diameter)
•	 measuring tape (dress-makers tape)
•	 telescoping tree height measuring stick
•	 mangrove id field guide
•	 data sheet

Time  1 or 2 days – 1-2 low tides depending on length of transect.

Procedure
1.	 Measurements are to be taken along the permanent transect, at every 20 meters 

pre-place bamboo stake and at the start and end permanent markers.
2.	 Start at the seaward transect marker at low tide.
3.	 Lay the 2m PVC pipe  perpendicular to the transect line, with the center of the 

pipe intersecting the transect line.
4.	 Record all species touching the PVC pipe both right and left of the transect line.
5.	 Record size class of each species (see Fig 5.14) on data sheet.
6.	 Record height of each species, including seedlings, on data sheet. 
7.	 Only record DBH for trees, not seedlings or saplings.

Tree: 
Height > 1.3 m 
Dbh ≥ 2.5 cm
 
Sapling:
Height > 1m < 4m 
Dbh < 2.5 cm
 
Seedling:
Height < 1m
Dbh N/A
 

Fig 5.14 - Key
Mangrove size class.
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7.	 Attach a rope to the marker and extend 20 m perpendicular to the shoreline. 
Place a bamboo stake and attach the rope.

8.	 Extend the rope 5 m 90˚ to first side of quadrat. Place bamboo stake and attach 
rope. 

9.	 Extend rope another 20 m parallel to the first side of the quadrat, place bamboo 
stake and attach. 

10.	 Extend the rope 5 m to complete the long plot. 
11.	 Repeat steps 7 - 10 for each sample plot. 
12.	 Ensure each plot is clearly labeled to avoid future confusion. For example, the 

three plots in zone one could be labelled Z1.1, Z1.2, Z1.3 - reading from left to 
right in facing from the shoreline. 

Discussion Questions
•	 Was there anything difficult about laying proper quadrats?
•	 Do you feel that quadrat size or shape needs to be changed for your survey site?  

Why or why not?

5.2.7	 Vegetation Survey – Quadrats (recommended)
Objective
•	 To obtain representative data on key factors for individuals, species and com-

munity vegetation within the rehabilitation area to use as a baseline by which 
future monitoring will be measured against. 

Output
•	 Analysed data and presented in baseline monitoring report. All raw data stored 

on database. 
Materials
•	 telescoping tree height measuring stick
•	 measuring tape (dress-makers tape)
•	 scientific calculator
•	 premade 1m x 1m gridded quadrats
•	 data sheets
•	 canopy reader
•	 field id guide for mangroves, associates and halophytic grasses

5.2.6	 Establishment of Sample Plots – Quadrats (recommended)
Objective:
•	 To randomly select and install three 5m x 20m sample plots within each zone 

identified in activity 8.
Output
•	 A total of 6 sample plots randomly selected and established with permanent 

markers for easy identification in future monitoring.  

Materials
•	 6 pre-made permanent plot markers – depending on number of zones identi-

fied in activity 8
•	 Crowbar
•	 Spade
•	 3 pre-measured rope 20m long + additional length for attaching to stakes
•	 12 bamboo stakes 
•	 Map with marked zones and transects
•	 Scientific calculator
•	 Pen

Time  2 hours for random selection of plots, 30 minutes per plot establishment.

Procedure
1.	 On map with marked zones, overlay a grid of 5m x 20m squares, or use Google 

Earth’s random sampling point generator (instructions in Appendix - Using 
Google Earth for EMR)

2.	 Allocate each grid square within the rehabilitation area a number.
3.	 Using the random number generator on calculator, select three numbers per 

zone, mark the associated squares.
4.	 If numbers generated fall outside of the rehabilitation zone, or in a zone that al-

ready has 3 numbers selected, discard and continue selecting until three squares 
have been selected in each zone. 

5.	 With your back to the ocean, install the permanent plot marker in the bottom 
left hand corner of the quadrat.  GPS these points and record on vegetation 
ecology data sheets (Appendix B)

6.	 In the field locate the GPS coordinate for permanent marker installation. Install 
by digging a whole deep enough to leave 5 - 10 cm of marker above the substrate 
surface. Place a bamboo stake next to marker.  




