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ABSTRACT

There has been growing concern by policy and other decision makers that timber extraction by
local communities is the main threat to achieving sustainable management of mangrove systems
in Unguja Island, Zanzibar, Tanzania. However, this concern, and responses to the perceived
threat to date, do not appear to be informed by a clear understanding of the complexity and
capacity of mangrove Social-Ecological Systems (SES) at different scales to adapt to this and
other disturbances. The aim of this study was to assess the resilience of mangroves to the
increased demand for provisioning ecosystem services and other drivers with a view to

identifying options for sustainable mangrove management on Unguja Island.

This study was guided by broad resilience concepts and specific approaches, particularly the
components-relationship-innovation-continuity framework developed by Cumming et al. (2005).
Data relating to both social and ecological components of the mangrove system was collected. A
total of 185 plots were surveyed within mangrove forests from three case study sites of Pete-
Jozani, Charawe and Michamvi Shehia (lowest administrative unit) on Unguja Island in which
mangrove tree species, diameter and height of trees, the numbers of seedlings and stumps were
collected to assess the ecological condition of the forests. Key informant interviews (with
government officials and village stakeholders), semi-structured household interviews, village
meetings and focus group discussions (with beekeepers, mangrove harvesters, village elders and
village conservation organisations) were used to collect social-economic data from the three case

study sites.

The results showed that between the 1920s and 1970s at each case study site local communities
reported that they were able to obtain diverse ecosystem services while the key variables that
defined the identities of the mangrove SES were maintained. The mangrove SES from each case
study site was found to have changed over the past three decades in temporal and spatial scales
and currently reside at different phases of change. The current mangrove ecological systems of
Pete, Charawe and Kinani (part of Michamvi) were found to have been degraded compared to
the past. This was evidenced by the quality and quantity of trees present, with a relatively high
density of small-sized mature trees with correspondingly small basal areas and volumes, together
with significant numbers of tree stumps in the ecosystems. The areas covered by mangrove
vegetation in the study sites were also found to have declined. The decline in quality and
quantity of trees was found to correspond with a reduction in desirable ecosystem services as

reported by communities. The levels of dependence on mangrove wood provisioning ecosystem
\



services and management approaches have changed across the case study sites. Excessive rates
of harvesting of mangrove wood were identified as the key direct driver on mangrove ecological
systems, which was fuelled by several underlying drivers including poverty, population change,
limited livelihood activities, inappropriate management regimes, and markets for trading
mangrove wood ecosystem services. Vijichuni mangrove (another part of Michamvi) was found
to be an exceptional case whereby the quality and quantity of mangrove ecological variables had
improved. Availability of reliable alternative income sources by the majority of villagers and

effective management institutions had contributed to these changes.

The drivers identified were used to develop three alternative future scenarios to explore whether
projected changes will result in the mangrove SES maintaining their identities in the future. The
findings suggest that the Non-inclusive State Control scenario strictly conserves the mangroves,
but does not provide alternative livelihood opportunities to improve the well-being of local
communities and so is not desirable. Coastal Boom scenario, characterised by unregulated
economic growth, particularly in the tourism sector and community forest management with
limited benefits for local communities, results in complete degradation of mangrove and reduced
wellbeing of local people. However, the Techno-green scenario which includes green growth,
access to low-cost cooking energy and co-managed mangrove forests with benefits for local
communities, provides decision makers and other stakeholders with an alternative pathway

towards more resilient mangrove SES in Unguja.
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Chapter 1
INTRODUCTION

1.1 Introduction

Human and natural systems interact and are linked at different temporal and spatial scales to
form complex social-ecological systems (SES). A SES may be defined as a system that includes
societal (human) and ecological (biophysical) subsystems in mutual interaction (Gallopin, 1991).
Like any other relatively undisturbed natural system mangrove represents a complex and
dynamic social-ecological system that provides ecosystem goods and services to meet the
interests of stakeholders (Daily and Matson, 2008). The linkages between social and ecological
systems result mainly from the influence of human activities to meet their demand for ecosystem

services from mangroves.

Ecosystem services are the benefits that people derive from natural systems (MEA, 2005). These
include provisioning services such as crops, water, wood, fish; regulating services (e.g.
pollination, erosion regulation, climate regulation, and water and air quality regulation); support
services (e.g. supporting other systems like coral reefs) and cultural services, such as aesthetic
and spiritual fulfilment (MEA, 2005, Hein et al., 2006). Ecosystem services provided by
mangrove ecosystems include: the provision of materials that have direct economic value to
communities such as wood, fodder, gums (Warren-Rhode, 2011); support to a wide variety of
other coastal ecosystems such as sea grass bed, coral reefs; prevention services such as control of
beach erosion, protecting coastal areas from tsunamis or high tide by absorbing wave energy
(Alongi, 2008; Walters et al., 2008) and cultural services such as education, recreational and
aesthetic values (FAO, 2007). Mangrove plays a significant regulating function such as
biodiversity conservation, accumulation of sediment, contaminants, nutrients (Alongi, 2002) and
climate regulation through atmospheric carbon sequestration (Ray et al., 2011; Warren-Rhode,

2011).

Zanzibar mangrove ecosystem services have similarities to those of other mangrove systems
outside the Islands, although they vary according to the local context. Mangrove system
provisioning services, especially those based on wood material for the local communities, meet a
variety of purposes, such as house construction, firewood, charcoal, lime making, boat building
and traditional medicines (Ngoile and Shunula, 1992; Madeweya et al., 2002). They support

traditional fishing practice in that approximately 80% to 90% of local fishing is concentrated in
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waters close to mangrove vegetated areas, creeks and bays (Shunula, 2001). Many coral reef fish
and prawns rely on mangrove areas as nursery grounds for juveniles (Shunula and Semesi,
2001). Mangroves also help prevent coastal erosion and stabilize shorelines providing protection

from damaging storm and hurricane winds, waves, and floods (Ngoile and Shunula, 1992).

Despite the benefits offered to the environment and societies, mangrove systems are among the
most threatened and vulnerable ecosystems worldwide (Spalding et al., 2010). For example,
Alongi (2002) reported that over the last 50 years alone, about one-third of the world’s mangrove
forests have been lost. The loss of Tanzania mangrove has been relatively low. In Tanzania
mainland the total mangrove area of 1,455 hectares (which is 1.26% of the total mangrove area)
is reported to have declined between 1990 and 2000 (Wang et al., 2003). However, in Zanzibar,
it is widely reported that the total area of mangrove forest has been significantly reduced. Taylor
et al. (2003) reported Michamvi area had 800 hectares of mangrove forests in 1949 and just 43
hectares in 1989, while Maruhubi had 1,040 hectares in 1949 and just 76.5 hectares in 1989. The
cause for the decline of mangrove area at Maruhubi was the conversion of mangrove forest for
the construction of a ferry terminal in Zanzibar city. Recent surveys indicated significant
reduction of Zanzibar mangrove forest area from 20,000ha in 1950 to 17,357ha in 2010
(SONARECOD, 2010) to 16,488ha in 2013 (RGoZ, 2013). These reductions make the current
area of mangrove of 5,274ha and 11,214ha for Unguja and Pemba Islands, respectively (ibid,
2013). The lost mangrove area excludes the 525 hectares replaced by different mangrove

afforestation programmes in Zanzibar (SONARECOD, 2009).

‘Sustainability’ and ‘resilience’ are two concepts used to explain the nature of complex SES.
Much of the current conservation literature uses the concept of sustainability. This has different
meanings to different people, but mostly evokes a positive reaction and is considered a desirable
state by most stakeholders (Callicott and Mumford, 1997; Lopez- Hoffman et al., 2006) such as,
‘maximum sustainable yield ‘or ‘Sustainable development’. Sustainability may be defined as the
ability to maintain something undiminished over a period of time (Lele and Norgaad, 1996).
Through an ecological-economic lens, the concept of sustainability is increasingly being focused
on achieving efficiency in economic production to support human life indefinitely, but without
destroying the diversity, complexity and function of the ecological life support system (Sneddon,

2000).



Application of the term sustainability to the use of resources may be considered in terms of a
‘perception’ concept that depends on the values and interests that each stakeholder has attached
to the resources. For example, in the western Venezuela mangrove, Lopez-Hoffman et al. (2006)
noted that mangrove ‘sustainability’ was defined differently between the mangrove harvesters
and the ecologists, reflecting differences in values between them. While the ecological definition
of sustainable mangrove harvesting was considered to be the harvesting level that allows
numbers of trees to be maintained or to increase over time, mangrove harvesters defined
sustainable harvesting as levels permitting the maintenance of the number of mangrove trees
over two human generations, about 50 years (ibid). In this way, sustainability evokes an
overarching goal that includes assumptions or preferences about which system states are

desirable (Carpenter et al., 2001).

Despite the greater application of sustainability concepts to natural resource management,
Cumming et al. (2005) argue that progress toward the goal of long term sustainability depends
on understanding the dynamics of linked social and ecological systems. In this context
sustainability is not achieved through sustaining production of biological resources alone, but
requires management actions and plans that take into account the complex relations, drivers and
external shocks that would lead to avoidance of unexpected results (Holling and Meffe, 1996).
Sustainability also requires maintaining the functionality of a system when it is perturbed, or
maintaining the elements needed to renew or reorganize if a large perturbation radically alters
structure and function (Walker et al., 2002); a phenomenon that can be explored well using the
concept of resilience. Resilience is the central concept that provides a highly reliable way of
analysing social-ecological change and addressing the challenges of sustainability (Carpenter et
al., 2001; MEA, 2005). This is because the resilience concept takes into consideration
ecological, social or economic dynamics in the system which can be expressed and measured in
ways specific to particular situations or systems and develop options to prevent the system from
moving toward undesirable regimes (Gunderson and Holling, 2002). However, to determine
measurable variables for assessing resilience of complex systems is difficult, due to the abstract
and multidimensional nature of the resilience concept. This makes it necessary to develop a
simplified framework to operationalise the concept in the field of studies (Cumming et al.,
2005). Resilience is the core of the SES approach to manage human—nature relations (Glaser et

al., 2000) that may also be evoked in the studies of mangrove SES.



The term resilience has been evolving and is defined differently by various scientists. Resilience
has multiple levels of meaning: It can be considered as metaphor related to sustainability focused
on stability and efficiency of the system (Holling, 1973). It can be defined as the magnitude of
disturbance that can be tolerated by the system before a social-ecological system (SES) moves to
a different region, state, or space controlled by a different set of processes (Carpenter et al.,
2001). Resilience also reflects a property of dynamic models, and is a measurable quantity that
can be assessed in field studies of SES (ibid, 2001, Gunderson and Holling, 2002; Walker et al.,
2002; Cumming et al., 2005). Cumming et al. (2005) came up with a simplified definition that
has also been adopted in this study. They defined resilience as ‘the ability of a system to
maintain its identity in the face of internal change and external shocks. System identity is defined
as the property of the key components and relationships (networks), their continuity through
space and time, innovation and memory of the SES (ibid)’. This definition has been adopted in
this study because it helps to more clearly define which variables can be measured in assessing

changes and resilience of complex SESs.

The application of resilience concepts needs to be considered in more specific terms, including
answering the questions of resilience of ‘what’ to ‘what’ (Carpenter et al., 2001, Cumming, et
al., 2005). When a resilience concept is applied to mangrove SES it refers to the capacity of
mangrove ecosystems to maintain the supply of desirable ecosystem services in the face of
human use and a fluctuating environment. To answer the question of resilience ‘of what’,
Cumming et al. (2005) present four attributes or indicators that clearly define the identity of a
SES and need to be maintained for a resilient SES. Thus the SES is said to be resilient if it is able
to maintain: the components that makes up the system; the relationship between the components;
the ability of both components and relationship to maintain themselves continuously through
space and time and the innovation and self-organisation of the system. On the other hand, the
answer to the question ‘to what’ represents the specific drivers (internal changes and external
shocks) that are likely to change the systems’ configuration (ibid). Applying this concept to
mangrove, it refers to the capacity of the mangrove SES to retain its identity when exposed to
internal and external drivers of change. In this context, resilience application provides a new
way of understanding complex mangrove systems and suggests new approaches to managing

mangrove resources (Glaser et al., 2000).

Unlike sustainability, resilience can be desirable or undesirable. For example, a system that
ensures continuous provision of clean water can be desirable. In other situations, system states
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that decrease social welfare, such as polluted water supplies or dictatorships, can be highly
resilient but undesirable (Carpenter et al., 2001). Some social systems may be resistant, yet not
resilient; i.e. they do not allow for self-organisation and learning, but some undesirable
ecological configurations may indeed be both resistant and resilient (Carpenter et al., 2001;
Walker et al., 2002). Resilience concepts address the role of multiple scales of system dynamics
and examine the feedbacks within and between the social and ecosystem domains (Walker et al.,
2006). This means that a resilient ecosystem should be able to absorb disturbance and re-
organize while undergoing change so as to still retain essentially the same function, structure,

identity and feedbacks (Walker et al., 2004; Walker et al., 2006).

Management approach is one key issue that can determine the resilience and sustainability of a
SES. Management approach can either destroy or enhance the resilience and sustainability of a
SES and its ecosystem services, depending on how the SES organizes itself in response to
management actions (Folke et al., 2002). There are different natural resource management
approaches that influence human and ecosystem behaviours. Like any other complex common
pool resource, mangrove SES can be either managed exclusively by local communities guided
by their informal institutions (e.g. using social taboos) without any government interventions
(Colding and Folke, 2001) or through a completely regulated approach whereby the Government
(or other managing authority) is the sole organ responsible for formulation and implementation
of laws and regulations related to management (Mangora, 2011). Also, mangrove SES can be
managed through different combinations of both formal and informal institutions (e.g.
Community Based Natural Resources Management or co-management) where a group of users
share authority with the Government to formulate a set of design principles for resource

management mainly implemented by local communities (Ostrom, 1990).

Similarly, there is a wide range of management approaches that have been practiced to manage
Zanzibar’s mangrove SESs. Before the 1940s Zanzibar mangrove was managed by local
communities who were using mangroves for subsistence needs, despite the extensive uses of this
ecosystem by the colonial government for commercial exploitation of bark and poles for exports.
Zanzibar mangrove ecosystems have been managed under formal institutions, whereby the
mangrove forests were considered as public land, since 1949 (Griffith, 1950). Mangroves then
declared as a forest reserve by the Zanzibar government after independence in 1964. In this
management system most of the mangroves were owned and completely managed by central
government as an open access resource whereby existing forest policy and laws were
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implemented by the Department responsible for forests [currently this is the Department of
Forestry and Non-Renewable Natural Resources — (DFNRNR)]. This is the dominant approach
to ownership and management of most of the mangrove forests throughout Zanzibar (Madeweya
et al., 2002). Apart from the main management approach, some mangrove patches, especially
Chwaka Bay which is composed of two blocks, Mapopwe and Kinani, were managed through
an alternate 10 year ‘closing and opening scheme’ of mangrove harvesting [though this has been
banned since 1990 following the Jozani Chwaka Bay National Park (JCBNP) declaration]. Other
forest mangrove areas were managed under community-based management arrangements. In the
latter approach most of the communities living close to the forests were persuaded by
government to formulate local organisations [Village Conservation Committees (VCC)] and
village bylaws called Community Forest Management Agreements (COFMA) for management
and conservation of forest, but not necessarily including mangroves, while the resources
ownership still remained under government jurisdiction. This approach has had very limited
application to mangrove SESs in Zanzibar because of the ecosystem being declared as forest

reserves or promoted to the status of National Park.

However, the application of any of these approaches does not necessarily ensure the resilience of
the Mangrove SES. The reason behind this is that most of the early and current management
approaches were strongly shaped by the conventional top down, efficiency-focused, optimum
state approach through application of optimizing models of natural resources management
outside of the area of its origin (Walker and Salt, 2006). These models were applied without
taking into consideration the contextual understanding of the dynamic changes and interactions
of SES between and across spatial and temporal scales. The resilience of management
approaches depends on how management actions and actors are capable of coping with
ecosystem dynamics and environmental feedbacks (Berkes and Folke 1998). It may be argued
that this is achieved through adaptive management that allows the management system to learn
from experience and to adopt to change (Folke et al., 2002). The aim of resilience management
and governance is to keep the system within a particular configuration of states that will continue
to change and deliver desired levels of ecosystem goods and services, and prevent the system
from moving into undesirable configurations from which it is either difficult or impossible to

recover (Walker et al., 2002).



1.2 Problem statement and justification

Zanzibar mangrove has been managed using different approaches since the 1920s (ranging from
those practiced under full community initiatives, full government control to those allowing some
level of community participation) without giving any current insight to achieving sustainable
ecosystem services and well-being of the system. Many mangrove areas have been destroyed and
many others are under threat of destruction (Ngoile and Shunula, 1992; Ely et al., 2000;
SONARECQOD, 2010). It has now become a dominant view held by scientists, policy and other
decision makers that Zanzibar mangrove suffers from severe degradation through cutting of
wood material by local communities (ibid, 1992; Ely et al., 2000; Jumah et al., 2001; Madeweya
et al., 2002, Mohammed, 2004). This has been caused by excessive cutting of mangrove trees to
meet the ever increasing demand for wood resources especially for building poles, charcoal and
firewood. The Zanzibar energy balance survey of 2007 indicated that 95% of energy sources
came from fuel wood biomass, with petroleum products contributing 3% and electricity 2%, and
demand for wood fuel in Zanzibar town is about 1.5 million m’ per year (Magessa, 2008). Earlier
studies suggest that the expanding human population has taken its toll on mangrove forests in
Zanzibar, as the trend of mangrove product utilization closely follows demand in response to
population growth. For example, Zanzibar’s population has almost quadrupled from 354,815 in
1967 to 1,303,569 with a current annual growth rate of 2.8% (NBS, 2012). Total mangrove
volume for the whole of Zanzibar in 1990 was estimated to be about 640,000 m®> while the
demand for mangrove wood products in 1996 was equal to 66,702 m® (Leskinen et al, 1997).
More recent work indicated the relative increase of mangrove volume to 792,485 m® with a
dramatic increase in mangrove demand to 1,111,908 m’ per year (SONARECOD, 2009). Out of
the total mangrove demand, about 65% of Zanzibar mangrove wood product is imported from
mainland Tanzania to Unguja (SONARECOD, 2010). Thus, without these imports the situation
in terms of potential supply in relation to demand suggests that the Unguja mangrove system is

completely unsustainable.

Several efforts have been undertaken in recent years to address this situation. These include
emerging new ideas such as strengthening restrictions on use of resources (ban of ‘opening and
closing’ harvesting system), advocating different use of alternative ecosystem services to replace
the traditional mangrove resources exploitation activities, accompanied by the formulation of a
new Mangrove Management Plan (SONARECOD, 2010). The emerging question is why, despite

application of different management approaches and allocation of a substantial amount of
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resources and efforts for management of SES, most of these management practices result in
unsustainable resource use. Similarly, it is not clear to what extent traditional human uses and
management practices influence the capacity of Zanzibar mangrove SES to maintain its identity.
It is also not clear to what extent the newly introduced ecosystem services-based interventions
will yield economic returns to local people that will compensate for the loss of benefits
obtained from traditional mangrove ecosystem services to improve the well-being of people
(increase social resilience) and the response of the mangrove ecosystem to these changes
(ecological resilience). Thus application of resilience thinking on the management of the system
is expected to offer likely options that will enhance SES resilience for sustainable management
of the supply of goods and services in a world characterised by dynamic change (Gunderson and

Holling, 2002).

A review of the Zanzibar mangrove literature reveals several studies have been well documented
with species lists, distribution, zonation and planning and uses of mangrove forests and
associated fauna (e.g. Griffith, 1949; Ngoile and Shunula, 1992; Machiwa and Hallberg, 1995;
Shunula, 1996; Olasfsson and Ndaro, 1997; Shunula and Whittick, 1999; Shunula, 2001;
Mohammed and Johnstone, 2002; SONARECOD, 2009; 2010). Most of these studies
concentrated on current practices of sustainability-related management approaches and analysed
the impact of human activities in ecological systems without taking into account the
interdependence, complexity and interaction between the system components and how they

respond and adapt to changes.

A number of studies have been done to address changes in ecosystems, including a
comprehensive global assessment of the world’s major ecosystems and their consequences for
human well-being (MEA, 2005). Other studies specifically address changes in mangrove
ecosystems in the developed world (Alongi, 2002; Polidoro et al., 2010) and a study on the
Tanzania mainland (Wang et al., 2003). Comprehensive studies analysing linkages between the
social and ecological components (Crona, 2006) and resilience in SES have been conducted
mostly in developed countries (Berkes and Folke, 1998; Carpenter et al., 2001; Folke at al.,
2002; Berkes et al., 2003; Anderies et al., 2004, Cumming, et al., 2005,) including those
specifically addressing resilience linked to mangrove SES (e.g. Adger, 1997; Krause, 2002;
McLeod and Salm, 2006). Apart from the study done by Saunders et al. (2010) which
investigated the forces dynamically influencing institutional and mangrove forest cover change
at Kisakasaka village between 1984 and 2005, there are no other studies that have investigated
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the changes in Zanzibar mangrove SESs. The mangrove cover changes in the Saunders et al.
(2010) study were not analysed using a social — ecological framework that would indicate the
linkages between the mangrove ecosystem and the people who are directly or indirectly
depending on and/or influencing these systems and their responses to both internal changes and
external drivers. Indeed that study did not analyse the effects of human induced impact on

maintaining resilience of mangrove SES.

With the increasing pressure on the mangrove system, mainly caused by anthropogenic activities
in Unguja, it is not known how mangrove SES will respond to these on-going disturbances,
stresses or shocks. There have been no systematic studies of the extent to which the perceived
problem of increased demand for mangrove provisioning services is shared by diverse
stakeholders with different and competitive values regarding mangrove resources. In addition,
despite the fact that a number of development interventions have aimed to reduce the rate of
dependence on mangrove provisioning services and compensate people’s conservation efforts,
their efficiency is uncertain. Therefore, it is of critical importance to analyse to what extent
human uses and conservation practices impact the resilience of mangrove SES in Unguja so as to
better understand changes and prevent the system from shifting to alternative and undesirable
states. One way of exploring this is through application of resilience concepts to assess the
capacity of mangrove ecosystem to supply the desired ecosystem services in the face of

increasing internal and external pressures which is the focus of this study.

A conceptual framework that defines the major attributes which describes the current state for
resilient mangrove SES has been developed. The study also explores the dynamic of changes of
Mangrove SES, external drivers of the changes, responses of the ecosystem and actors to
changes and evaluates the existing and potential responses that can improve the Unguja
mangrove into more resilient SES. It is hoped that the resilience approach used in this study will
provide a contemporary way of analysing complexity and dynamics of mangrove ecosystem and
its implication to achieve resilient mangrove SES in Zanzibar using an integrated and holistic

framework in the context of a linked social — ecological system.



1.3 Research Objectives

1.3.1 General aim

The aim of this research is to investigate the resilience of mangrove to the increased demand for
mangrove provisioning ecosystem services and external drivers and shocks in order to develop

options for sustainable management of mangrove in Zanzibar.

1.3.2 Specific objectives
The specific objectives of the study are to:
1. Determine the current state of mangrove SES (Mangrove SES identity) including:
e The structure and components of the system

e Linkages and interactions between and within mangrove ecosystems and

stakeholders for resilient management of the system
e System continuity

e Innovations

D

Investigate changes that have occurred in the mangrove SES over time.
3. Investigate the factors that have driven changes in mangrove SES into the current state.

4. Examine and evaluate the impact of changes on maintaining the identity of mangrove

SES with respect to the supply of and access to ecosystem services.

5. Examine the existing and potential responses that can be implemented to improve the

resilience of the mangrove SES to meet the need of diverse stakeholders.

This chapter has described the background information and central concerns of the thesis. Since
the thesis is focused on the application of resilience theories to assess complexity and dynamics
of mangrove ecosystems and the implications for the supply of ecosystem services, it is
important that the general information on mangrove SES and the main theories and approaches
used in this study are elaborated. Chapter Two does this by introducing resilience and related

concepts and how they can be used in this study to address the study objectives.
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Chapter 2
LITERATURE REVIEW

This chapter reviews the general condition of mangrove SES, theories and approaches used for
management of mangroves and how the resilience concept can be used as a methodological

approach to assess the resilience of mangrove social-ecological systems.

2.1 General overview of Mangrove Social-Ecological System

A mangrove social-ecological system is a complex system composed of two components; the
ecological and social. An ecosystem or ecological system is a dynamic complex component of
plant, animal, and microorganism communities and the non-living environment interacting as a
functional unit (MEA, 2005). A mangrove ecosystem or ‘mangal’ refers to mangrove
communities of plants, animals and the interactions within the system (Duke, 1992). Mangroves
represent taxonomically diverse groups of salt-tolerant, flowering plants growing in the intertidal
zones of marine coastal environments along tropical and subtropical regions (Ellison and
Stoddart 1991; Duke et al., 1998; Giri et al., 2011). The social component is composed of the
stakeholders and their institutional rules which influence the ecological system to provide
ecosystem services for the benefit of humans. There is increasingly recognized evidence that
understanding and anticipating the behaviour of the social and ecological components of the SES
in many cases requires simultaneously taking into account both components, which raises the

need to investigate the whole SES (Berkes and Folke, 1998; Folke, 2006).

In this context, a social-ecological system (SES) is defined as a system that includes societal
(human) and ecological (bio-physical) subsystems in mutual interaction (Gallopin, 1991). A
social-ecological system needs to be specified at a range of scales; from the individual,
community and its surrounding environment to the global system constituted by the whole of
humankind. When this concept is applied to mangrove systems, a mangrove SES may be defined
as a complex and dynamic system consisting of strong coupled relationships between the
ecological component (mangrove ecosystem structure and function) and the social component

that through their activities strongly shape the mangrove ecosystem on which they depend.

Ecosystems range from highly productive to non-productive degraded systems. For example,
productive mangrove ecosystems are found in north-eastern Queensland which receives high

rainfall which supports the growth of tall trees (up to 40 meters), of high species diversity with a
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closed canopy (Field et al., 1998; Zann, 2000; Alongi, 2002; FAO, 2007). These productive
ecosystems, with their array of services, provide people and communities with resources and
options they can use as insurance in the face of natural catastrophes or social upheaval. On the
other hand, less productive mangrove areas are found in areas that are drier, have increased water
and salinity stress and produce shorter mangrove trees (1-5 meters), with open canopy and lower
leaf litter and organic matter productivity (FAO, 1994; Field et al., 1998; Zann 2000; Alongi,
2002).While well-managed ecosystems reduce risks and vulnerability, poorly managed systems
can exacerbate them by increasing risks of excessive degradation and resulting decline of

ecosystem services (MEA, 2005).

2.2. Mangrove distribution, Species diversity and Zonation

Climatic factors such as temperature and moisture affect mangrove distribution (Saenger and
Snedaker 1993). Other factors that determine and control mangrove distribution include salinity,
sediments and wave energy (Tomlinson, 1986), tidal fluctuation (Ong and Gong, 2013).
Mangroves are distributed latitudinally within the tropics and subtropics, reaching their
maximum development between 25°N and 25°S (FAO, 1994). The growth of mangrove is
bordered between major ocean currents, by water temperature greater than 24°C in the warmest
months (Duke et al., 1998) and where the seawater temperature is not less than 20°C in winter
(Field et al., 1998; Alongi, 2002). In Tanzania mainland and Zanzibar Islands, mangroves occur
along the continental coastal areas of Tanga, Mtwara, Kilwa, Dar es Salaam, (Semesi, 1992)
Pemba, Unguja islands (Shunula, 2001) and in a few small Islands of Zanzibar such as Kwale

and Chumbe.

Globally, mangrove, accounting for 0.7% of total tropical forest, covered a total area of
13,776,000 hectares in 2000 in 118 countries and territories. Approximately 75% of these
mangroves are concentrated in just 15 countries with the largest extent of mangroves in Asia and
Africa followed by North and Central America (Giri et al., 2010). The Sundarbans mangrove is
the world’s largest forest ecosystem covering a total of 2,040,000 hectares. Tanzania mainland
has about 175,200 hectares of mangrove reserves, out of which only 115,901 hectares are
occupied by mangrove vegetation (Semesi, 1992). The Rufiji Delta represents the largest
mangrove area in East Africa covering an area of 53,255 hectares, which is about 46% of the
total mangrove area in Tanzania (ibid, 1992). Zanzibar has a total of 16,488 hectares of

mangrove forests which cover only 7.4% of the total land area and 15% of the total forested land
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(RGoZ, 2013). Unguja Island has a total mangrove forest area of 5,274 hectares (ibid, 2013)
represented by several patches which are scattered throughout the Islands with the largest

mangrove areas found in Chwaka Bay followed by Menai Bay mangrove reserves covering an

estimated area of about 2,132ha and 988ha respectively (SONARECOD, 2009).

Mangrove ecosystems are relatively low in tree species composition compared to other types of
forest systems. Globally, mangrove ecosystems consist of about 70 mangrove species in 20
genera, from 17 families (Tomlinson, 1986) with the highest species diversity found in Asia,
followed by Eastern Africa. A total of 10 mangrove tree species (Tablel) from 7 families are
found in the Western Indian ocean and East African Region including Zanzibar (Shunula and
Semesi, 2001; Madeweya et al., 2002). These different species of mangrove exhibit different and
variable characters; in particular growth rate, coppicing ability and growth requirements that
enable them to grow and adapt in the system (Table 1). For example, Sonneratia alba, Avicennia
marina and Lumnitreza racemosa are good colonisers on exploited mangrove stands due to their
ability to re-sprout/coppice from surviving stems (Brown, 2007; Walter et al., 2008). In contrast
the adult trees of Rhizophoraceae family cannot be coppiced because they lack a reserve
meristem (Tomlinson, 1986) and therefore their regeneration requires replacement by successful
seed dispersal and new seedling establishment (Kairo et al., 2002). Other physiological
adaptations include trees with aerial roots for gaseous exchange, anchorage and high nutrient
absorption; salt excretion glands to desalinate ocean water and vivipary of seeds for efficient
reproduction system (Tomlinson, 1986). Mangrove ecosystems is also characterised by
sediments deposition with a degree of soil anoxia, pH (neutral to acidic), predation and

competition (Smith, 1992).

Despite relatively low biodiversity, plants in mangrove forests have a broad range of structural
and functional attributes which promote their survival and propagation in the relatively harsh
conditions of the intertidal zone. In this sense, the diversity of mangrove plants is not measured
in terms of number of species, but in terms of the ability of each species to cope with the wide
range of environmental conditions by utilizing their individual specialised attributes (Duke et al.,

1998).
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Table 1 Mangrove species of Zanzibar

Scientific Description Growth Regeneration | Physiological References
name (Swahili behaviour and | and adaptation
namf:) and functional role | coppicing
Family name ability
Rhizophora Attains a height of 15m and can | Light demander, | Lacks Viviparous Juncosa,
mucronata — be easily recognised by its | with stand coppicing germination and | 1982 in
RM (MIFOkO acrial, bowed, stilt roots, many competition in ability — need | has stilt roots FAO, 2007
magondi) of which arise from quite high
open area, natural  seed
on the trunk and branches, and . Tomlinson
Rhizophoraceae | by its viviparous seedlings. | 8'OWS fast dispersal by 1986: Kai ’
Leaves are simples of deep water due to » 2AIT0
green colour with blunt tips. buoyancy of et al., 2002;
propagules or Duke etal.,
artificial 1998
replacement
Richmond,
2002.
Bruguiera Grows up to 24m high and can | Light demander, | Lack Viviparous Juncosa
gymnorrhiza— | be recognised by its buttressed | withstands coppicing germination, 1982 in
BG ) trunk, close set foliage, dark competition in | ability — needs | with thick and | FAO, 2007
(Msisi/Mfinzi/ bark and viviparous seedlings.
. open area, and | natural seed | short
Mui Mchonga) | It has kneed roots that appear . Tomlinson
sporadically out of the soil. grows fast. dispersal by | propagules, 1 m,
Rhizophoraceae water due to | buttressed roots | 1986; Kairo
buoyancy of | and knee roots | €tal., 2002
propagules or | pneumatophores
artificial Duke etal.,
replacement. 1998
Richmond,
2002.
Ceriops tagal — | Grows up to 5m high. It can be | Light demander, | Lacks Viviparous Juncosa
CT recognised by its reddish bark | with stands | coppicing germination, 1982 in
(Mkandaa/Mko | and the angular characters of | competition in | ability — needs | narrower FAO, 2007
ko mwekundu) | the long viviparous radicle.
open area and | natural seed | propagules than
Rhizophoraceae grow fast. dispersal BG, buttressed Tomhnso.n,
mostly by | roots and knee | 1986; Kairo
water due to | roots etal., 2002
buoyancy of | pneumatophores
propagules or Duke etal.,
artificial 1998
1 t.
fepracemett Richmond,
2002.
Sonneratia alba | A small tree which can be | Short and | Coppices Early coloniser, | Walter et
-SA recognised by its reddish trunk | contorted from living | cryptovivipary al., 2008
(Mlilana/Mpia) | and l:')ranches, its flowers which growth  form, | stem. germination,
. consist of  a . bunch — of rounded leaves. pencil-like Richmond,
Sonneratiaceae | filamentous white  stamens h 2002
which are quickly shed, star and pneumatophore '
roots.

berry like fruit that have spine
at the tip and the stout vertical
pneumatophores which serve as
breathing organs for the
underground roots.
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Avicennia Spreading trees with willow- | Short and | Coppices Early coloniser, | Tomlinson,
marina — AM like yellowish green foligge. It | contorted from living | cryptovivipary 1986;
(Mohu) hast long fspreifllng h?“”“”ﬁ growth form. stem. germination, Walter et
chu roots and from these arise sma g
Avicenniaceae | vertical pointed leafless suckers pencil-like al., 2008.
in great abundance. The bark is pneumatophore
smooth and greenish yellow roots, salt
when young and variegated excretion gland.
green and reddish in the older
tree.
Xylocarpus A small tree about 7m high | It is an | Has pale, | Cryptovivipary | Tomlinson,
granatum — XG | found scattered through the | evergreen plant. | orange, flaky | germination 1986.
mangrove association usually in and  smooth | knee roots
(Mkomafi/Mka | the higher parts. Produces large, bark pneumatophores
umwa/ Mkuo) globate, round fruits of 10-25 '
cm wide with wedge like seeds. are absent.
Meliaceae Both Xylocarpus spp. have
unisexual flowers with stamens
united by expanded filaments to
form a staminal tube.
Xylocarpus A small tree about 5m high | It is deciduous | Has dark, | Cryptovivipary | Field
moluccensis — | found scattered through the | with leaves | vertical germination, observation
XM mangrove association usually in | tying red and | fissured rough | with knee small
the landward zones. It can be
. s orange  before | bark. pneumatophores
(Mkaumwa wa | easily distinguished from other . . .
kijani) mangrove by its compound falling in the conical roots.
pinnate leaves. It is rarely found | dry season.
Meliaceae and not familiar to the general
public. Produces large, globate,
round fruits of 8-12 cm wide
with wedge like seeds.
Pemphis It is often referred to as a shrub; | Bushy like trees | Not Field
acidula—PA - but the trunk size of a large viviparous observation
Pemphis can reach around 1.5 and produces
(Kilalamba meters in girth. Leaves are dark  reddish
dume) small, simple, opposite, fleshy .
and succulent. Together with brown fruits.
Lythraceae Lumnitzera racemosa it is the
only mangrove species that is
not viviparous and does not
produce large diaspores.
Heritiera A tall tree can reach up to 35m Has buttressed | Early coloniser | Benfield et
littoralis — HL casily distinguished by the roots and no al., 2005;
silvery scaly under surfaces of viviparous Richmond,
(Msikundazi) its simple, oblong or elliptical .
Sterculiaceae leaves. I;’roduces bgoat-like I;ruits seedlings. 2002
with wing shaped nuts.
Lumnitreza It occurs as a small shrubby tree Normal simple | Richmond,
racemosa -LR of not more than 2-3m and has roots 2002

(Kilalamba/
Mkandaa dume/
kikandaa/ Mkaa
pwani)

Combretaceae

small while flowers that
produce clove-like fruits. The
plant has flat spoon-shaped
(spathulate) leaves with
emarginate tips. It grows in
isolated clusters in landward
areas of high salinity areas
together with a Avicennia.

Similarly, the natural distribution of individual tree species varies dramatically across intertidal

zones. Figure 1 indicates common zonation of mangrove species within East Africa.
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Figure 1 Mangrove Zonation within East Africa. Source: Richmond M.D (ed.), 2002

Diverse mangrove groups have been able to exploit different coastal zones because of their
ability to overcome the critical conditions of anoxia, salinity and tidal inundation across

intertidal area (Shunula and Semesi, 2001; Ong and Gong, 2013).

2.3 Stakeholder diversity and interests in mangrove ecosystem services

Mangrove SES is characterised by a diversity of stakeholders with multiple and often conflicting
interests in their diverse ecosystem services. The term stakeholder refers to all individuals,
groups or societies who affect, and/or are affected by the policies, decisions and actions of the
system (Grimble (ed), 2002). They can be individuals, communities, social groups or
organisations of any size, aggregation or level in society. Thus stakeholders can be physically
present at the system or outside the systems representing regional, national, and international
level of interests to particular ecosystem services (ibid, 2002). Moreover, an actor, i.e. an
individual or a group of people, may have complex and flexible social identities (Cleaver, 2001),
which implies that an actor may be part of several stakeholder groups even if these have
conflicting interests. They can be "primary" stakeholders, defined as those with a direct interest
in the resource; either because they depend on it for their livelihoods or they are directly
involved in its use in some way. Secondary stakeholders are those which benefit indirectly from
the ecological services supplied by an ecosystem (Landell-Mills et al., 2002) such as those
involved in organisations or agencies concerned with managing the resource or those who
depend at least partially on wealth or business generated by the resource. Understanding the

interests of each stakeholder and their relationship on the use of ecosystem services is crucial as
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the interests of one stakeholder can affect the capacity of the ecosystem to meet the interests of

other stakeholders which can have significant impacts on the management of the ecosystem.

Ecosystem services are the benefits that people derive from natural systems (MEA, 2005; Daily
and Matson, 2008). Mangrove forests are among the most productive and biologically important
ecosystems of the world because they provide diverse ecosystem goods and services to human
societies and coastal and marine systems. As stated previously, the ecosystem services provided
by relatively undisturbed mangrove ecological systems include provisioning services such as
wood, fish; regulating services (pollination, erosion regulation, climate regulation); supporting
services (e.g. providing habitats for other organisms) and cultural services such as aesthetic and

spiritual fulfilment (FAO, 2007; Ray et al., 2011).

However, the diverse range of ecosystem services offered by mangrove ecosystems are not of
equal importance to different stakeholders, both across different segments of society and
between stakeholders at different scales. The importance of particular resources depends on
stakeholder’s values/interests attached to those particular resources (Grimble (ed.), 2002) and
knowledge about mangrove ecosystem services (Crona, 2006). Thus mangrove benefits can be
either desirable or undesirable depending on the way society (in general or specific stakeholders)
regards the flow of goods and services from one regime of a system in contrast to an alternative
regime. Some of the interests of local people may differ from the interests of other stakeholders
such as scientists, and or policy and other decision makers, thus resulting in conflicting interests
between resource users. Badola et al. (2012) found that local communities in most cases value
those functions of mangrove that make a direct contribution to their well-being. These are the
‘provisioning services’ of mangrove ecosystem which provide materials that have direct
economic value to the communities such as wood, fodder, gums, collection of the molluscs,

crustaceans and fish (McLeod and Salm, 2006; Warren-Rhode et al., 2011).

To avoid underestimation of the benefits it is important to consider economic valuation of
multiple benefits provided by mangrove ecosystems (Costanza et al., 1997, MEA 2005). Total
economic value includes direct use values, indirect use values, optional and existence values
generated from mangrove ecosystems (Hein et al., 2006). The annual economic value of
mangroves, estimated by the cost of the products and services they provide, has been estimated

to be $200,000 - $900,000 per hectare (Wells et al., 2006). In the Solomon Islands, village-
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derived economic data indicates a minimum annual subsistence value from mangroves of US$

345-1501 per household (Warren-Rhodes et al., 2011).

Tanzania mainland and Zanzibar mangrove ecosystems provide a wide range of provisioning
ecosystem services that have similarities to other mangrove systems in other part of the words.
Mangrove ecosystems provide wood material to the local communities for a variety of uses such
as wood for house construction, fuel wood, charcoal, boat building and traditional medicines
(Ngoile and Shunula, 1992; Madeweya et al., 2002; Taylor et al., 2003). Mangrove wood is also
used for making fish traps, and provides sticks to seaweed farmers, material for furniture, drums,

canoes and serving dishes (Taylor et al., 2003).

The perception and interests of different stakeholders are changing and have direct influence on
uses, management and conservation actions with regard to the resources. Negative impressions
that people have towards particular ecosystem services may change unexpectedly once the
community realises the direct benefits from resources. For example it has been recently
recognised that payments for ecosystem services (PES) through carbon trading can make a
potential contribution toward mangrove conservation while providing carbon sequestration
ecosystem services, biodiversity conservation and improving the livelihood of people depending
on the resources (Warren-Rhodes, 2011). Clear understanding of the potentiality of mangrove to
secure carbon and obtain benefits through PES could switch the communities from traditional
ways of using mangrove to less destructive uses, depending amongst other things, on the level of

direct benefit received by local communities.

However, people’s perceptions do not necessarily enable them to make the decision that would
lead to the acquisition, appropriate utilisation or conservation of resources. The relationship
between knowledge, practice and management decisions is not straightforward. People could
have clear knowledge on a certain matter but application of that knowledge depends on the
socio- economic and ecological context. This may be the case in most developing countries
where farmers understand that some forest-related activities, such as clear cutting of large
patches of forestry, are responsible for on-going forest degradation but they continue to utilise
the available resources (Kairo et al., 2001) because of the poverty status of many indigenous
coastal communities. Limited awareness amongst decision makers on the true value of mangrove
forests can lead to inappropriate decisions on management and utilization of mangrove resources

(Semesi, 1992). In this case, evaluation of the importance of mangroves for society requires
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insight into the value and flow of products and services within the social system of coastal
communities, and how they are linked and influenced by domestic and international markets and

institutions (Ronnback, 1999).

Environmentalists and forest resource scientists, policy and other decision makers and
conservation organization members, put more value on ecosystem services that maintain the
ecosystem integrity or support the supply of non-marketed ecosystem goods and services (such
as carbon sequestration, other regulating and supporting function). Many of these ecological
services constitute an important support to other coastal ecosystems such as sea grass bed and
coral reefs. They provide suitable habitats for breeding, spawning and hatching of sedentary and
migratory fish species and habitats for a large number of molluscs, crustaceans, birds, insects,
monkeys, and reptiles (Taylor et al., 2003; McLeod and Salm, 2006). For example, many coral
reef fish and prawns rely on mangrove areas as nursery grounds for juveniles (Shunula and
Semesi, 2001). The ecosystem enhances productivity and sustainability of capture fisheries and

aquaculture operations (Ronnback, 1999).

Mangroves are efficient carbon dioxide sinks and together with associated soil, globally
sequester approximately 22.8 million metric tons of carbon each year. Mangrove forest accounts
for 11% of the total input of terrestrial carbon into the ocean (Jennerjahn and Ittekot, 2002) and
10% of the terrestrial dissolved carbon (DOC) exported to the ocean (Dittmar et al., 2006).
Despite their high capacity to store carbon, direct burning of wood as firewood or charcoal, and
for various purposes such as salt and lime and processing fish, releases greenhouse gas emissions
that contribute to global warming and climatic change. This trend might be reversed if the direct
ecosystem users receive significant benefits in return of conservation of mangrove for carbon

fixation.
2.4 Changes, causes and impacts of dynamics in mangrove social-ecological system

2.4.1 Changes in mangrove social-ecological system

Globally, in recent decades there have been dramatic changes in mangrove SES which may
cause degradation and reduce the capacity of these systems to cope and respond to the drivers of
change. Despite the benefits offered to the environment and societies, mangrove ecosystems
have been seriously degraded in recently years caused by internal and external drivers of

changes. As indicated in earlier sections, mangrove has undergone significant loss in mangrove
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areas whereby over the last 50 years alone, about one-third of the world’s mangrove forests have
been lost (Alongi, 2002). The rate of mangrove loss indicates an increasing trend (FAO, 2007)

which calls for significant attention to reverse the trend to reduce the threats to the ecosystem.

In the Tanzania mainland there has been no dramatic change in the overall coverage of
mangroves as the area lost is compensated for by different afforestation programmes in the
country. For example, Wang et al. (2003) estimated the mangrove area of Mainland Tanzania to
be approximately 109,593 hectares from 1988-1990 and about 108,138 hectares in 2000.
However, there is fear that in the future more mangrove areas will be lost through prawn farming
(Rufiji Delta inset), construction of solar evaporation pans for salt production (there are 30 salt
works in Bagamoyo alone) and clearing mangrove for tourism hotels and complexes, as has
occurred along the beaches (Taylor, et al., 2003). In the 1980s Zanzibar mangrove experienced a
significant reduction in the total area covered by mangrove forest. Leskinen et al. (1997)
estimated loss of natural forests, including mangroves, to be about 1,000ha annually; of this
amount, about 950 ha were cleared for agriculture and collection of firewood and building poles.
A recent estimate published in 2013 indicated that a total of about 3,512ha of mangrove area in
Zanzibar has been lost (RGoZ, 2013) over the past six decades with only 525 ha replanted under
different afforestation programmes from 1996 in the Islands (SONARECOD, 2009).

Changes in mangrove ecosystems are not limited to the changes in vegetation cover only, but
also involve changes in mangrove structure and species composition, which in turn may impact
the type and quality of ecosystem services it produced. An assessment of each species'
probability of extinction reported that 11 of the 70 globally identified mangrove species (16%)
are at elevated threat of extinction especially from Atlantic and Pacific coasts of Central
America, where as many as 40% of mangrove species present are threatened with extinction

(Polidoro et al., 2010).

Similarly changes in the quality of mangrove ecosystems have been experienced in most restored
mangrove stands that are unable to provide the same quality of ecosystem services as the original
natural stands. Thus, although restored areas can perform similar functions to those of natural
mangrove stands (Bosire et al., 2008), these depend on the responses of the mangrove system to
specific management actions (silviculture treatments). For example, Taylor et al. (2003) reported
that the common mangrove extraction method practiced in Chwaka Bay on Zanzibar, of selective

cutting, was not properly done leaving the mangrove stands with trees of lower quality.
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Furthermore, the lower quality mangrove wood, from smaller diameter dominant trees, or
species less used in construction, provide ecosystem services which are less desired and provide
less income to the stakeholders. It was noted in Chwaka Bay for instance, those poles used in
construction are of a relatively poor quality and were sold for TSHS 4000 to 5000 per score
(US$ 5.5 to 7.5 in 2003) whereas wood imported from mainland Tanzania can be sold for TSHS
9 000 to 10 000 (USS$12.5 to 14.0) as it is of a higher quality (Taylor et al., 2003). The changes
in the amount of timber extracted to the level that exceeds its threshold may affect the resilience

of not only of the mangrove ecosystems but also to the communities which depend on them.

2.4.2 Human induced threats to mangrove Social — Ecological System

Humans as an integral part of the ecosystem represent a major driving force in global change and
shape ecosystem dynamics from local environments to the biosphere through their activities
(MEA, 2005). Early studies suggest mangrove ecosystems are highly degraded by anthropogenic
activities (Semesi, 1988; Hangqing, 2004) that have reduced the global range of these forests to
less than 50% of their original total cover (Saenger and Snedaker, 1993; Spalding et al., 2010).
The human cause of resource degradation and loss of ecosystem services can be accelerated by a
wide range of drivers of unsustainable development grouped into three categories (Walker and
Salt, 2006). One scenario is that resource degradation can be caused in a situation where people
have no choice but to use their resource base due to poverty accelerated by excessive demand for
ecosystem services stemming from economic growth and demographic changes (MEA, 2005;
Walker and Salt, 2006). Walker and Salt (2006) argue that this driver of unsustainable wood
harvesting by poor village residents does not apply to most mangroves because rural
communities have a general history of excellent stewardship of mangroves, extracting products
including timber, but in balance with what the ecosystem can safely provide. This might be true
in some developed countries where population and poverty levels are relatively low. In the case
of developing countries, there is evidence however that the increased critical mass of poor local
communities who have high demand for timber and fuel production and lack of alternatives has
caused indiscriminate cutting, overexploitation, and decline of mangrove (Walsh, 1974; Semesi,
1988; Hussein, 1995; Alongi, 2002; Mohammed, 2004; McLeod and Salm, 2006). In Tanzania,
the clearing of mangrove areas for timber has been rife around the capital city of Dar es Salaam.
Clear cutting of mangrove wood for charcoal, lime and salt production are the main activities
which involve heavy exploitation of mangrove in Zanzibar (Ngoile and Shunula, 1992). Forest
products (fire wood and/or charcoal) are the major source of domestic fuel for over 90 percent of
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Zanzibaris (Magessa, 2008). Some households use as much as 40% of their income just for
firewood (Rashid, 1991). The economic shift towards tourism after the fall of world clove prices
has made a significant contribution to the national economy of Zanzibar (RGoZ, 2010), but
narrowed the economic development opportunities for most coastal communities. Increased
urbanisation and in-migration from the mainland creates fierce competition for the tourism
related opportunities in the areas (Gossling and Schulz, 2005). As a result, the majority of local
communities in the tourist areas have further increased dependency on generating cash income
from local resources such as wood and fish (Saunders et al., 2010) because they are not favoured

by the tourism sector.

Mangrove is subject to high human threats in a second scenario when resources are depleted
wilfully by a relatively small number of individuals or investors who can exploit mangroves to
meet the desires of their choices (Walker and Salt, 2006). In this case among the destructive
human activities that have caused significant loss of mangrove system is clearing of mangrove
areas and conversion into different uses, especially for indiscriminate coastal development and
aquaculture (Terchunian et al., 1986; Ngoile and Shunula, 1992; Primavera 1995; Rajkaran et
al., 2009). The consequences of aquaculture projects for mangroves are well documented for
Ecuador, Thailand, Indonesia, Malaysia, Vietnam, Bangladesh and India (EJF, 2004). For
example, in the Philippines, over 70% of the mangroves were lost between 1951 and 1988 due to
shrimp or fish aquaculture (Primavera, 1995). In Vietnam too about 2,291ha of mangroves were
lost between 1982 and 1987 for shrimp farming in the Minh Hai Province alone (Sam et al.,
2005). Shrimp farming in Eastern Africa is still on a small-scale, but as the business is increasing
it has potential to increase mangrove degradation in the near future. For example, from 1972 to
1995, 75,000 hectares of mangroves were lost from Mahajamba Bay in Madagascar and

development of aquaculture facilities contributed to part of this degradation (Taylor et al., 2003).

Conversion of large scale mangrove ecosystems for indiscriminate coastal development has been
experienced throughout the world. Mangroves are being increasingly degraded through clear-
felling for house building and hotel complexes, notably in Sri Lanka, Florida USA and Mexico.
In Mauritius, threats to mangrove ecosystems were mostly (88%) attributed to construction of
hotels. When urban zones are expanding, mangrove areas have been reclaimed for towns, ports,

and hotels in Tanzania.
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Other activities that have led to clear cutting of mangrove forests include the disruption of
mangrove ecosystems by oil reservoir construction resulting in oil spill; salt pan construction,
agricultural intensification resulting in pollution and sedimentation; dyking, channelization,
agro-chemical mining practices and diversion of freshwater for irrigation (Bakobi, 1997; Alongi,
2002; Ellison, 2009). For example, oil exploration in Nigeria Delta caused a loss of 18,293ha of
mangrove between 1985 and 2000 (Twumasi and Merem, 2006). Overheating and filling of sea
area (land reclamation) to create farmland and expanding aquatic breeding has resulted in a
dramatic reduction in mangrove area by 50% since the 1950s in China (Hangqing, 2004). In the
Tanzania mainland, rice cultivation in northern areas of the Rufiji Delta has led to losses of
around 1,700ha of mangroves (Taylor et al., 2003). The decline in mangrove ecosystems in
Zanzibar were threatened by human development activities such as clearing mangrove patches

for ports, salt pan and hotel construction (SONARECOD, 2010).

Agriculture intensification and excessive use of grazing land near mangrove systems has resulted
in excessive sedimentation from topsoil erosion into sheltered bays and estuaries which has
seriously affected some of the mangrove forest and coral reefs in East Africa. For example, the
central Mozambique coast (800km long) is devoid of coral due to discharge from the Limpopo
and Zambezi Rivers (Taylor et al., 2003). Mangrove ecosystems in close proximity to urban
areas have become vulnerable to pollution from heavy metals, agrochemicals and damming of
rivers that alter water salinity levels (Lewis, 1990; Wolanski, 1992). In the Tanzania mainland
most of the coastal systems such as Msimbazi mangrove suffered from excessive water pollution
from upland sources causing high accumulation of heavy metals in the body of marine animals.
Heavy metals have been recorded as accumulating in soft body parts and shells of fish and
gastropod species and this extra metabolic pressure may affect growth rates and survival (Mremi
and Machiwa, 2002). Oil spills have impacted mangroves dramatically in the Caribbean (Ellison
and Farnsworth, 1996). There have been 14 minor and two major crude oil spills in Maputo
harbour that have affected mangroves. A heavy fuel oil spill in 1992 affected part of the

Macaneta peninsula, including mangrove areas in Mozambique (Taylor et al., 2003).

Markets are very important underlying drivers for changes of mangrove ecosystem services and
human welfare. Market availability may have very different and opposing effects on degradation
of ecosystem services. Availability of markets for some ecosystem services may provide some
level of conservation of the ecosystem and improves human societies. For example, institutions
are now only beginning to be developed to enable those benefiting from carbon sequestration to
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provide local managers with economic incentives to leave the forests uncut (MEA, 2005; Brown
et al., 2008). In Zanzibar the United Nation Framework Convention on Climatic Change
(UNFCCC) launched the Reducing Emission from Deforestation and Forest Degradation
(REDD) program for the purpose of sustainable conservation of forests while generating carbon
income which may provide direct and equitable incentives to communities to conserve forests
sustainably (Sheikh, 2011). CARE International in Tanzania in collaboration with the
Revolutionary Government of Zanzibar (RGoZ) and communities are implementing Hifadhi
Misitu ya Asili ya Jamii (HIMA) as a pilot project for conservation of community forests

including small mangrove areas (HIMA, 2010).

On the other hand, market mechanisms frequently do not ensure the conservation of ecosystem
services, but serve as incentives to promote rapid degradation of ecosystem services (MEA,
2005). For example, excessive cutting of mangrove might be attributed to market availability for
wood products such as firewood and charcoal in order to meet income demand of local
stakeholders. Therefore, even if a market exists for ecosystem services, the results obtained

through the market may be socially or ecologically undesirable (MEA, 2005).

Lack of land security and clear tenure and forest rights have accelerated the rate of destruction of
mangrove ecosystems in Zanzibar (Mohammed, 2004). Unclear or absence of property rights
can be seen as important sources of resource degradation. For example, the Government may
claim the ownership of natural resources based on the notion that those are important to the
country and their management has important and economic externalities (RGoZ, 1996). However
in many cases, especially in developing countries, national governments lack the capacity to
enforce State property rights regulation on resource management. This leads to public property
being considered open access, eventually leading to overuse and resources depletion (Agrawal

and Ostrom, 2001; Mangora, 2011).

Humans can also cause serious threats to mangrove under a third scenario when the decline of
mangrove resources is due to inappropriate application of management models on how the world
works (Lacerda, 2002; Walker and Salt, 2006). In this situation mangroves are disappearing due
to application of faulty ecological principles (e.g. introduction of species without clear
knowledge on its function in the ecosystem) even in areas where positive intentions, adequate

resources and efforts are all focused on their sustainable proliferation.
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2.4.3 ‘Natural’ drivers of change

In addition to these anthropogenic threats, mangroves are also affected by global warming
(especially sea-level rise) caused by ‘natural’ (but largely contributed by human activities)
phenomena such as variations in output from the sun and the activities and lifestyles of the
earth's human population. Although mangroves are considered as one of the toughest ecosystems
that have a remarkable ability to cope with extraordinary levels and types of stress, they are
among the ecosystems most vulnerable to projected sea-level rise especially mangrove
ecosystems on low relief Islands and those deprived of sediments (McLeod and Salm, 2006;
Gilman et al., 2008) compared to mangrove ecosystems with ample sediment supplies and/or
room to move inland (McLeod and Salm, 2006). Although small Island communities contribute
the least (< 1%) to the natural problem of global climate change (mainly emission of greenhouse
gases), the projected sea-level rise in 2100 of 0.5 to 1.4 meters above the 1901-2010 level of
0.17m to 0.21m by Intergovernmental Panel on Climate Change fifth Assessment Report (Rhein
et al., 2013) is expected to have disproportionately greater effects on the economic and social
development of many small Island States. A recent study on the impacts of climate changes on
Zanzibar Islands (Sheikh, 2011) revealed that sea level rise has caused extensive damage to
shore vegetation other than mangroves through coastal erosion and strong winds with the most
affected areas in northern Pemba and almost all the east coast of Unguja. The resilience of
mangroves to sea-level rise is conditioned by the composition and status of the stands and other

factors such as tidal range and sediment supply (Woodroffe, 1995).

Apart from global climatic effects, mangroves are also greatly affected by biological invasion of
pests and diseases (Hangqing, 2004). Biological invasions are probably the most significant
environmental threat to the maintenance of natural forest ecosystems in North America and
elsewhere, especially when new pests arrive in a new forest ecosystem where there is little
natural defence against the pest, or disease pathogen (Liebhold et al., 1995). In China, insects
caused serious attack on mangrove forests whereby about 653 ha of mangroves were damaged
by a leaf eating caterpillar causing the death of about 70% of the affected mangrove (Hangqing,
2004). Elster et al. (1999) found that insect larvae caused substantial mortality (up to 100% at
some sites) of the black mangrove, Avicennia germinans (L.), stem propagules and seedlings.
Sousa et al. (2003) found that the boring activity of the scolytid beetle, Coccotrypes rhizophorae
(Hopkins), into red mangrove, Rhizophora mangle propagules, killed 72-89% of seedlings
planted in closed canopy sites, but only 1-2% of trees in more exposed open-canopy sites.
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Mangroves become more susceptible to diseases and pests when stressed by changes in salinity,
tidal inundation, sedimentation and soil physiochemistry, the introduction of pollutants such as

oils, herbicides, metals, sewage and acids, and damage from storms and cyclones (Alongi, 2002).

2.4.4 The impacts of changes on the availability of mangrove ecosystem services

Changes in the ecosystem have great impacts on availability of ecosystem services on which
humans depend. As the demand for ecosystem services grow, human actions are at the same
time increasing serious degradation in the capability of ecosystems to provide these services
(MEA, 2005). This can be also true to the natural drivers whereas their effects are inflicted by
human activities before the disaster. For example, the high impact of the recent tsunami on Sri
Lanka was blamed on the destruction of the mangroves which were unable to protect the coastal
areas from being damaged by the tsunami impact. The Sri Lanka mangrove has become
vulnerable because it consists of discontinuous patches of mangrove and the once extensive
forests were converted by private investors, especially into prawn ponds. In contrast, Bangladesh
was little affected because of the existence of healthy mangrove stands in the area. Excessive
degradation can result in complete ecosystem shifts such as mangrove forest that becomes a

‘pock-marked terrain’ full of Acrostichum fern and abandoned shrimp ponds (Brown, 2007).

The impacts of ecosystem degradation vary between urban and rural poor people. Ecosystem
degradation tends to harm rural populations more directly than urban populations and has its
most direct and severe impact on poor people because of their low ability to purchase the scarce
ecosystem services. Poor people often lack access to alternate services and are highly vulnerable
to ecosystem changes that result in famine, drought, or floods and they lack financial and
institutional buffers against these dangers (MEA, 2005). Changes in ecosystems affect not just
humans but countless other species as well. For example, the loss of mangrove habitats has
reduced fishery resources and biodiversity (De Graaf and Xuan, 1998) in different parts of the

worlds.
2.5 Resilience and related concepts

2 .5.1 Origin of resilience concepts

Resilience is a term that has multiple meanings. In the ecological literature, the term originated
in the 1960s in the studies of population ecology focused on understanding the predation role in

population dynamics and their functional responses in relation to ecological stability theory
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(Holling, 1961). Since then resilience has evolved and been applied in many fields of study and
defined in different ways reflecting different sets of scenarios of dynamic behaviour of
ecological systems (Carpenter et al., 2001). Resilience has been defined in two very different
ways in the ecological literature reflecting two contrasting aspects of stability. Holling (1973)
first emphasised two different aspects of stability to draw attention to the distinctions between
efficiency and persistence, between constancy and change and between predictability and

unpredictability.

The first, more traditional use of the term resilience is as a measure of efficiency of function. It
concentrates on stability, near equilibrium steady state where resistance to disturbance and speed
to return of equilibrium are used to measure the property (Tilman and Downing, 1994).
Resilience using this definition is measured as the time required for a system to return to an
equilibrium or steady state following a perturbation (Ives, 1995) or as return times as a measure
of stability (Ludwig et al., 1996). This return time definition of resilience has been termed as
‘engineering resilience’ (Holling, 1996). Engineering resilience therefore focuses on maintaining
efficiency of function, conservation, constancy of the system, and a predictable world near a
single steady state, thus resisting disturbances to change (ibid). The implicit assumption of this
definition is that a system exists near a single or global equilibrium condition — i.e. there is only
one equilibrium or steady state or if other operating states exist they should be avoided by
applying safeguards. Engineering resilience reinforced the dangerous view that the variability of
natural systems can be effectively controlled, that the consequences are predictable and that
sustainable maximum production is an attainable and sustainable goal (Gunderson and Holling,
2002). This view was drawn from a tradition of deductive mathematical theory in which

simplified, untouched ecological systems are imagined (Folke, 2006, Gallopin, 2006).

In the second definition of resilience it is defined as a measure that determines the persistence of
relationships within systems and is considered as a measure of the ability of these systems to
absorb changes of state variables, driving variables, and parameters, and still persist (Holling,
1973). This definition focuses on maintaining the existence of the function and stresses the
presence of multiple equilibrium states where instability can flip a system into another regime of
behaviour — to another stability domain (ibid, 1973). In this case, resilience is measured by the
magnitude of disturbances that can be absorbed before the system changes its structure by
changing the variables and processes that control behaviour. This is also called ‘ecosystem
resilience’. Ecosystem resilience is defined as the capacity of an ecosystem to tolerate
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disturbance without collapsing into a qualitatively different state that is controlled by a different
set of processes (Carpenter et al., 2001; Walker et al., 2002). In contrast to engineering
resilience, ecological resilience emerged to emphasize the conditions far from any steady,
equilibrium state and presumed the existence of multiple stability domains and the tolerance of
the system to perturbations. This means that a resilient ecosystem should be able to absorb
disturbances and re-organize while undergoing changes so as to still retain essentially the same
function, structure, identity and feedbacks (Walker et al., 2004; Walker et al., 2006). A resilient
system also has the capacity to absorb shocks while retaining the slowly changing controlling
variables needed for renewal and reorganization (Folke et al, 2002). Ecosystem capacity to
undergo periodic flips from one stable state to another or find a different functional equilibrium
within the same system is mediated by changes in slow variables that suddenly trigger a fast
variable response which become available for the next phase of ecosystem establishment
(Gunderson and Holling, 2002). Part of this organisation depends on the emergence of
innovations or the presence of system legacies (e.g. growth of previously supressed vegetation,
germinating seeds stored in seed banks) that control the system and move into a functionally
different equilibrium stable state (stability domain), but the state variables remain the same (e.g.
lake systems that can also undergo eutrophication). Alternatively, less resilient systems have low
capacity to withstand external shocks or disturbances. When subjected to massive shock they
may experience complete loss of important system components that perform a critical ecological
function resulting in the collapse of the system into a qualitatively different state (Holling, 1986;
Gunderson and Holling, 2002; Walker et al, 2004). The new state of the system may be
undesirable, less productive or organised characterised by changes in scales, state variables and
feedbacks as in the case of algal blooms in fresh water lakes (Grimm and Wissel, 1997) and
ecosystem shifts from grass dominated to woody dominated semi-arid rangelands in Zimbabwe

(Walker, et al., 2004).

Natural and human systems are not separated but interwoven by human activities which strongly
shape the ecosystem services people depend on from the local to global scale. This raises the
need to understand the application of resilience concepts to social components drawn from the
concepts of ecosystem resilience. Adger (2000) found that there is a clear linkage between social
and ecological resilience, particularly for social groups or communities that are dependent on

ecological and environmental resources for their livelihoods.
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Like general resilience concept, social resilience has multiple definitions but all concern on
social entities’ ability — of may be individuals, organisations, or communities - to withstand,
absorb and cope with and adjust to social infrastructure and social, economic, political and
environmental stress and disturbances of various kinds (Adger, 2000; Keck and Sakdapolrak,
2013). Resilience in social systems has the added capacity of humans to anticipate and plan for
the future. Because of its institutional context, social resilience is more defined at the community
level rather than being a phenomenon pertaining to individuals. Hence it relates to the role of
institutions, social capital, leadership and learning of societies and communities (Adger, 2000).
Indicators for examining social resilience include institutional change and economic structure,
and through demographic change in both temporal and spatial fashions (ibid, 2000). Recent
advances acknowledge that social resilience comprises of three dimensions including coping,
adaptive and transformative capacities (Keck and Sakdapolrak, 2013). It also include
understanding of social processes like social learning and social networks, institution and
organisation inertia and change, adaptive capacity, transformability and systems of adaptive
governance that allow for management of essential ecosystem services (Folke, 2006). Resilience,
in both its social and ecological manifestations, is an important aspect of the sustainability of

development and resource utilization.

For some commentators, the opposite of resilience is vulnerability which cuts across both social
and ecological configurations. Vulnerability is the state of susceptibility of people, places,
ecosystems and species to harm from exposure to contingencies and stresses associated with
environmental and social change and from the absence of capacity to adapt. Vulnerability is the
sensitivity to, and their incapability to cope with any adverse effects (Folke et al., 2002; MEA,
2005; Adger, 2006).

For natural ecosystems, vulnerability can occur when individuals or communities of species are
stressed, and where thresholds of potentially irreversible change are experienced through
environmental changes (Adger, 2000). Vulnerability has technical, social, economic and political
dimensions, and vulnerability to environmental change is a characteristic of a SES linked to
resilience (Adger, 2006). When a system becomes less resilient it increases the vulnerability of a
system to smaller disturbances that it could previously cope with. Thus in a vulnerable system
even small disturbances may cause dramatic social consequences which reduce social resilience
(ibid, 2006). When resilience is lost or significantly decreased, a system is at high risk of shifting
into a qualitatively different state. Thus, issues of resilience and vulnerability are important in
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the framing of resource management approach. They provide a bridge between the analysis of
institutions and economies and the natural resources on which the societies ultimately depend

(Adger, 2000).

In this context, application of resilience concepts to both social and ecological systems becomes
a necessary prerequisite and has been increasingly applied to analysis of SESs (Berkes and Folke
1998, Gunderson and Holling, 2002; Cumming et al., 2005). Studies on resilience that stressed
the linked social-ecological system are considered more relevant in understanding system
dynamics than studying the components of the system separately (Gallopin, 1991; Ludwig et al.,
2001; Folke, 2006). This is because a resilient social system does not always ensure a resilient
ecological system on which people depend (Adger, 2000). For example, a human society may
show great ability to cope with change and adapt if analysed only through the social dimension
lens (Smit and Wandel, 2006). But such an adaptation may be at the expense of changes in the
capacity of ecosystems to sustain the adaptation, and may generate traps and breakpoints in the
resilience of a social-ecological system (Gunderson and Holling, 2002). Similarly, focusing on
the ecological side only as a basis for decision making for sustainability may lead to too narrow

and inappropriate conclusions.

Resilience is a property of these linked SESs and is increasingly used as an approach for
understanding the dynamics of SESs (Folke, 2006) and has been well applied to integrated

systems of people and the natural environment (SES).

Thus taking into consideration the resilience of SES has, the concept has been further interpreted

by using three defining characteristics (Carpenter et al., 2001, Walker et al., 2002, Folke, 2006).
1. The amount of disturbance/change a system can absorb/undergo and still remain within a
given state or domain of attraction (i.e. still retain the same controls on function and

structure)

2. The degree to which the system is capable of self-organization (versus lack of

organization, or organization forced by external factors), and

3. The degree to which the system can build and increase its capacity for learning and

adaptation

For ease of understanding and applicability, resilience has been defined as the capacity of the

system to maintain its identity following the internal changes and external shocks (Cumming et
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al., 2005). One advantage of using the notion of identity is that it provides a clear separation of
drivers from system attributes (Cumming et al., 2005). The use of an identity definition also
forces researchers to be explicit about the system attributes that they are most interested in,
creating a focal point for the analyses that follow and facilitating the operational step of selecting
scales of analysis. In applying this concept to mangroves, it refers to the capacity of mangrove

SES to retain their identity when exposed to internal and external drives of change.

2.5.2 Critique on the uses of resilience theory

The concept of resilience has become increasingly prominent and is used widely within several
academic disciplines and research fields, from biology and engineering to sustainability studies
and research into natural hazards and development issues (Keck and Sakdapolrak, 2013).
Resilience theory has been used to guide a systematic approach and develop analytical tools in
several studies combining elements of theory from economics, ecology, and dynamical systems
for particular case studies (e.g. Janssen et al., 2004; Anderies et al., 2006) and in more general
contexts (e.g. Brock et al., 2002; Anderies, 2003). Resilience has also been used as a guiding
principle within disciplines such as political science (Ostrom 1999), political ecology and
resource management (Berkes and Folke 1995, 1998), and archaeology (Redman and Kinzig
2003). The resilience approach addresses issues about the dynamics of systems at multiple
interacting scales (Gunderson and Holling 2002) and provides a base for integrating other
theories and ideas to develop a better understanding of the system than might be possible with
these other theories in isolation (Anderies et al., 2006). Resilience is a useful concept in the
study of ecosystem dynamics and management by focusing attention on particular system
attributes that play important roles in the dynamics of SESs and attempting to develop principles
to guide interventions in SESs to improve their long-term performance (Cummings et al., 2005;

Anderies et al., 2006).

However, with its roots in either mathematical engineering or ecology (Holling, 1986, Holling
and Meffe, 1996), resilience theory has been criticized for becoming too multidisciplinary and
increasingly applied beyond its original engineering or ecological roots (Berkes, 2006; Bahadur
et al, 2010; Keck and Sakdapolrak, 2013). Other resilience commentators suggested that
application of resilience theory outside its original academic disciplines, particularly from a
social sciences perspective, is inadequate and even false when it is being uncritically transferred
to understanding social phenomena since its original focus was on nature and natural systems

(Cannon and Muller-Mahn, 2010). Resilience theory has been considered to have limited
31



usefulness in consideration of issues of agency (the freedom people have to negotiate their own
lives in the face of adverse circumstances) (Leach, 2008; Bene et al, 2012). This is because
resilience is seen to have limited focus on the choices exercised by individuals within the system,
who may, or may not, exert control over the processes by which resilience is shaped (Coulthard,
2012). Furthermore, by advocating a positivistic, rationalistic and mechanistic way of thinking,
application of resilience theory has been considered to fail to provide appropriate analytical tools
to deal with power relations in the social dimension within resilience research (Leach et al.,
2008). Duit et al (2010) argue that resilience is still a cumbersome concept for social science
because it is difficult to avoid clashes with cornerstone concepts in social science such as power,
democracy, and the right to self-determination when attempting to apply the concept of
resilience to questions of politics and governance. The reason for this is that even though some
similarities can be identified, societies and ecosystems are also fundamentally different in many

ways (Duit et al, 2010).

However, recent studies opposed most of these arguments acknowledging that resilience theory
is able to address the questions of human agency, social practices, power relations, institutions
and discourses from a social sciences perspective (Keck and Sakdapolrak, 2013). It has also been
argued that social resilience has the potential to be crafted into a coherent analytic framework
that can build on scientific knowledge from the established concept of social vulnerability, and

offer a fresh perspective on today’s challenges of global change (ibid, 2013).

2.5.3 Resilience and adaptive capacity

Recent concepts of resilience are very much influenced by theory on complex adaptive systems.
That is why resilience and adaptive capacity concepts are sometimes used interchangeably.
Adaptive capacity is the ability of SESs to cope with novel situations without losing options for
the future (Folke et al., 2002). Adaptive capacity is an aspect of resilience that reflects learning,
flexibility to experiment and adopt novel solutions and assets and development of generalised
responses to broad classes of challenges (Walker et al., 2002). Resilience is the key to enhancing
adaptive capacity (Folke, 2006; Smit and Wandel, 2006) that allow for continuous development,
like a dynamic adaptive interplay between sustaining and developing with change. Like
resilience, adaptive capacity in ecological systems is related to genetic diversity, biological
diversity, and the heterogeneity of landscape mosaics (Peterson et al., 1998; Carpenter et al.,
2001). In social systems, the existence of institutions and networks that learn and store
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knowledge and experience, create flexibility in problem solving and balance power among
interest groups play an important role in adaptive capacity (Scheffer et al., 2000, Berkes et al.,
2003).

2.5.3.1 Enhancement of resilience and adaptive capacity of SESs

Although relatively undisturbed systems are inherently considered to be resilient, their capacity
to cope with disturbance can either be degraded, or enhanced. Resilience is a key to enhancing
adaptive capacity of SESs by maintaining elements that sustain adaptive capacity of SESs in a
world that is constantly changing (Folke et al., 2002). Diversity is considered a key
factor/element influencing resilience and adaptive capacity of SESs. Diversity is a recognizable
source of creativity and innovation that can provide a basis for competitive advantage (Basset-

Jones, 2005) in social and ecological system.

Thus, diversity in SES is of two kinds: firstly; ‘functional diversity’ which is the number of
functions of different groups which influence system performance, and secondly ‘response
diversity’ or ‘functional redundancy’ which is the diversity of types of responses to the same
disturbance of different species within a functional group which influences resilience (Elmqvist
et al., 2003; Walker at al., 2006). Components or species in a functional group can be considered
as redundant if they perform similar functions but loss of one species allow another species to
replace the function of the lost species and maintain the system productivity. In ecological
systems, biodiversity plays a crucial role in resilience building by providing not only species
diversity but functional redundancy or response diversity and spatial heterogeneity (Elmqvist et
al., 2003). Functional diversity of mangrove ecological system determines productivity of the
system which is enhanced by diversity of functional groups of species. Thus resilience of an
ecosystem is not about the number of species per se that help sustain an ecosystem in a certain
state or domain of attraction, but rather the existence of species groupings, or functional groups
(e.g. predators, herbivores, pollinators, decomposers, water flow modifiers, nutrient transporters)
with different and often overlapping characteristics in relation to physical processes (Walker et
al., 1999; Hooper et al., 2005). A resilient mangrove forest would have enough different types
of mangrove plant species from different functional groups, including colonizers, to vegetate

different habitats and maintain the basic functions of a mangrove forest (Brown, 2007).

Biodiversity enhances resilience if species or functional groups respond differently to
environmental fluctuations, so that declines in one group are compensated for by increases in
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another (Elmgqvist et al., 2003; Hughes et al., 2005). Response diversity in the mangrove
ecological system may be reflected by diversity of responses to disturbances among mangrove

species contributing to the same function in the ecosystem.

Biological diversity is essential in the self-organizing ability of complex adaptive systems both
in terms of absorbing disturbance and in regenerating and re-organizing the system following
disturbance (Folke et al., 2004). Species that may seem redundant and unnecessary for
ecosystem functioning during certain stages of ecosystem development may become of critical
importance for regenerating and re-organizing the system after disturbance and disruption (Folke
et al., 1996; Bellwood et al., 2004). For example, in a grassland ecosystem, several different
species will commonly perform nitrogen fixation, but each species may respond differently to
climatic events, thus ensuring that even though some species may be lost, the process of nitrogen

fixation within the grassland ecosystem will continue (Folke, 2006).

Spatial heterogeneity can also confer resilience as when refuge areas provide sources of colonists
to repopulate disturbed regions (Nystrom, and Folke, 2001). In addition part of this capacity lies
in the regenerative ability of ecosystems and their capability in the face of change to continue to
deliver resources and ecosystem services that are essential for human livelihoods and societal

development (Adger, et al., 2005).

Systems with high adaptive capacity, and therefore resilience, are able to re-configure
themselves without significant declines in crucial functions in relation to primary productivity,
hydrological cycles, social relations and economic prosperity. Thus in a resilient SES,
disturbance has the potential to create opportunity for doing new things, for innovation and for

development (Folke, 2006).

Diversity can also enhance resilience and adaptive capacity in social systems. Diversity and
redundancy of institutions (overlapping functions) play a central role in absorbing disturbances,
spreading risks, creating novelty and re-organizing following disturbance (Low et al., 2003).
Addressing how people respond to periods of change, how society reorganizes following change,
is the most neglected and the least understood aspect in conventional resource management and
science (Gunderson and Holling 2002). Folke et al. (2002) identify and expand on four critical
factors that interact across temporal and spatial scales and that seem to be required for dealing

with natural resource dynamics during periods of change and reorganization:
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e learning to live with change and uncertainty — taking advantage of changes and turning

them into opportunities
o nurturing diversity for resilience;

o combining different types of knowledge for learning; and

creating opportunity for self-organization towards social-ecological sustainability.

Diversity increases social resilience and adaptive capacity when a social system’s governance
and management frameworks spread risk by diversifying patterns of resource use and by
encouraging alternate activities and lifestyles (Adger, et al., 2005). Another example is when the
management of a resource is shared by a diverse group of stakeholders (e.g. local resource users,
research scientists, community members with traditional knowledge, government
representatives, etc.), decision-making is better informed and more options exist for testing
policies. Active adaptive management whereby the management actions are designed as

experiments encourages learning and novelty that increases resilience in SESs.

2.5.3.2 Degradation of resilience and adaptive capacity of SES

Alternatively resilience and adaptive capacity of the ecological system can be degraded through
loss of diversity (Holling and Sanderson, 1996) and toxic pollution. A consequence of a loss of
resilience, and therefore of adaptive capacity, is loss of opportunity, constrained options during
periods of re-organization and renewal, an inability of the system to do different things. And the

effect of this is for the SES to emerge from such a period along an undesirable trajectory.

Resilience of social systems can be degraded through reduction of diversity which is related to
the reduction of human opportunities and economic options (Adger, et al., 2005). For example,
when there is an inflexible, closed institution, perverse subsidies encourage unsustainable use of

resources, a focus on production and increased efficiencies that lead to a loss of redundancy.

2.6 Resilience, sustainability and natural resource management approaches

‘Sustainability’ and ‘resilience’ are two concepts used to explain the behaviour of complex SES
at different and opposing scenarios. As presented in section 1.1, the sustainability concept can be
applied in diverse fields of study but always evokes a positive reaction of desirable SES state by

the stakeholders. Sustainability has its root from World Commission on Environment and
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Development Summit (1987) which defined sustainability as “development that meets the needs
of the present without compromising the ability of future generation to meet their needs” (United

Nations, 1987).

Sustainability is related to resilience in a sense that it reflects the first meaning of resilience
which focused on maintaining efficiency of function to achieve maximum productivity of the
system (Berkes and Folke, 1998; Gunderson and Holling, 2002). It represents the desired
outcome of resilience analysis as a set of targets for management options to achieve
sustainability — i.e. continued well-being of economy, society and the natural resource base
(Walker et al., 2002). Thus sustainability is an overarching goal that includes assumptions or

preferences about which system states are desirable (Carpenter et al., 2001).

In contrast resilience focuses on maintaining the existence of a system’s function in response to
internal changes and external shocks (Holling, 1973). Unlike sustainability which only reflects
desirable state, resilience can be desirable or undesirable (Carpenter et al., 2001) as explained in

section 1.1.

Both sustainability and resilience concepts have been widely applied to natural resources
management depending on management objectives. Throughout history natural resource
management has been guided by a wide range of theories and practices. These approaches range
from full State control, common property rights to community based natural resources

programmes of different forms and combinations.

The application of an approach of natural resources management is determined by resource
management objectives which can destroy or build resilience and sustainability depending on
how the SES organizes itself in response to management actions (Folke et al., 2002). In
traditional societies, 